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difference,	  and	  drawing(s)	  showing	  
shimming	  methods	  and	  materials	  to	  be	  
used	  in	  case	   ST-‐001	  to	  ST-‐002	  

4.4	  Footings	  

Drawing(s)	  showing	  the	  locations	  and	  
depths	  of	  all	  ground	  penetrations	  on	  the	  
competition	  site	   ST-‐001	  to	  ST-‐002	  

4.4	  Footings	  

Drawing(s)	  showing	  the	  location,	  contact	  
area	  and	  soil-‐bearing	  pressure	  of	  every	  
component	  resting	  directly	  on	  the	  ground	   ST-‐001	  to	  ST-‐002	  

4.7	  Construction	  Equipment	  	  	   Site	  Operations	  Report	  

4.10	  Spill	  and	  Waste	  
Products	  

Drawing(s)	  showing	  the	  locations	  of	  all	  
equipment,	  tanks	  and	  pipes	  containing	  
fluids	  during	  the	  event	  and	  corresponding	  
specifications	  

Pipes	  routing	  and	  related	  tanks:	  PL-‐
001,	  Pipes	  scheme	  and	  valves:	  PL-‐
101,	  Equipment:	  ME-‐011,	  ME-‐001,	  
Technical	  room	  elevation:	  ME-‐101	  

5.1	  Solar	  Envelope	  
Dimensions	  

Drawing(s)	  showing	  the	  location	  of	  all	  
house	  and	  site	  components	  relative	  to	  the	  
solar	  envelope	   AR-‐101,	  AR-‐102,	  AR-‐103,	  AR-‐104	  

6.1	  Structural	  Design	  
Approval	  

Structural	  drawings	  and	  calculations	  signed	  
and	  stamped	  by	  a	  qualified	  licensed	  
professional	  

Structural	  design	  approval	  
document	  

04. RULES AND BUILDING CODE COMPLIANCE 
CHECKLIST 
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6.1	  Electrical	  and	  
Photovoltaic	  Design	  
Approval	  

Electrical	  and	  Photovoltaic	  drawings	  and	  
calculations	  signed	  and	  stamped	  by	  a	  
qualified	  licensed	  professional	  

PD	  EL-‐001	  to	  EL-‐601	  and	  PD	  PV-‐001	  
to	  PV-‐031,	  PM	  5.3.5	  

6.1	  Codes	  Design	  
Compliance	  

List	  of	  the	  country	  of	  origin	  codes	  complied,	  
properly	  signed	  by	  the	  faculty	  advisor	  

See	  attached	  file	  (DTU	  Codes	  
Design	  Compliance.pdf)	  

6.2	  Maximum	  Architectural	  
Footprint	  

Drawing(s)	  showing	  all	  information	  needed	  
by	  the	  Rules	  Officials	  to	  digitally	  measure	  
the	  architectural	  footprint	   AR-‐021	  

6.2	  Maximum	  Architectural	  
Footprint	  

Drawing(s)	  showing	  all	  the	  reconfigurable	  
features	  that	  may	  increase	  the	  footprint	  if	  
operated	  during	  contest	  week	   AR-‐021	  

6.3	  Minimum	  &	  Maximum	  
Measurable	  Area	  

Drawing(s)	  showing	  the	  Minimum	  &	  
Maximum	  Measurable	  Area	   AR-‐051,	  AR-‐052	  

6.4	  Entrance	  and	  Exit	  
Routes	  

Drawing(s)	  showing	  the	  accessible	  public	  
tour	  route,	  specifying	  the	  entrance	  and	  exit	  
from	  the	  house	  to	  the	  main	  street	  of	  the	  
Solar	  Village	  

PM#6	  -‐	  5.7.4.3.	  Public	  tour	  
description	  

7.3	  PV	  Technology	  
Limitations	  

Specifications	  and	  contractor	  price	  quote	  
for	  photovoltaic	  components	   PM	  5.3.5.3	  and	  PM	  5.3.5.4	  

7.4	  Batteries	  

Drawing(s)	  showing	  the	  location(s)	  and	  
quantity	  of	  stand-‐alone,	  PV-‐powered	  
devices	  and	  corresponding	  specifications	   NA	  

7.4	  Batteries	  

Drawing(s)	  showing	  the	  location(s)	  and	  
quantity	  of	  hard-‐wired	  battery	  banks	  
components	  and	  corresponding	  
specifications	   NA	  
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7.6	  Thermal	  Energy	  Storage	  

Drawing(s)	  showing	  the	  location	  of	  thermal	  
energy	  storage	  components	  and	  
corresponding	  specifications	  

Thermal	  Energy	  Storage:	  the	  
thermal	  energy	  storage	  of	  the	  
house	  are	  a	  buffer	  tank	  and	  a	  DHW	  
tank	  located	  in	  the	  technical	  room	  
which	  is	  part	  of	  the	  footprint	  and	  
both	  connected	  to	  the	  water	  pipes	  
system	  of	  the	  house	  (so	  NO	  sealed	  
water	  mass	  storages).	  
ME-‐001	  (plan),	  ME-‐011	  
(equipment),	  ME-‐101	  show	  the	  
location	  of	  those	  tanks	  in	  the	  
footprint.	  
Unglazed	  solar	  collectors	  are	  
located	  in	  the	  floor	  terrace	  under	  a	  
metallic	  grid	  (lower	  than	  1m)	  that	  
as	  defined	  by	  rule	  6.2	  b	  is	  not	  
account	  in	  the	  footprint.	  Those	  
panels	  are	  used	  during	  the	  night	  in	  
a	  loop	  connected	  to	  the	  buffer	  tank	  
to	  release	  	  sensible	  heat,	  thanks	  to	  
radiation	  towards	  the	  sky.	  The	  
water	  is	  cooled	  in	  a	  passive	  way	  
(just	  a	  circulation	  pump	  is	  used,	  no	  
inverse	  refrigerant	  cycle).	  	  
Since	  they	  are	  used	  just	  to	  cool	  
water	  they	  are	  not	  considered	  as	  
thermal	  energy	  storage.	  
No	  other	  thermal	  storage	  strategies	  
are	  applied	  and	  no	  sealed	  
containers	  filled	  with	  water	  are	  
used	  as	  thermal	  mass.	  

7.7	  Desiccant	  Systems	  

Drawing(s)	  describing	  the	  operation	  of	  the	  
desiccant	  system	  and	  corresponding	  
specifications	  

N.A.,	  not	  relevant	  to	  the	  project.	  

7.8	  Humidification	  systems	  

Specifications	  for	  humidification	  systems	  
and	  corresponding	  certifications	  of	  the	  
different	  elements.	  

N.A.,	  not	  relevant	  to	  the	  project.	  
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8.1	  Containers	  locations	  
Drawing(s)	  showing	  the	  location	  of	  all	  the	  
water	  tanks	  

Location	  of	  tanks	  can	  be	  seen	  e.g.	  
in	  PL-‐001.	  See	  "Water	  cycle",	  
section	  05.3.3.3	  of	  "Engineering	  
and	  construction	  Design	  narrative"	  
for	  details	  about	  the	  tanks	  being	  
fully	  shaded	  and	  outside	  the	  
measurable	  area.	  See	  "Detailed	  
Water	  Budget"	  section	  11	  for	  
details	  about	  the	  amount	  of	  water	  
to	  be	  delivered	  and	  removed.	  

8.2	  Water	  Delivery	  

Drawing(s)	  showing	  the	  fill	  location(s),	  
quantity	  of	  water	  requested	  at	  each	  fill	  
location,	  tank	  dimensions,	  diameter	  of	  
opening(s)	  and	  clearance	  above	  the	  tank(s)	  

Water	  Cycle	  (Tank	  location,	  size,	  
fittings	  and	  clearence	  above:	  PL-‐
001,	  Detailed	  water	  budget	  -‐	  
section	  11	  of	  the	  project	  manual-‐	  
for	  amount	  of	  water	  requested	  and	  
exhausted.)	  

8.3	  Water	  Removal	  

Drawing(s)	  showing	  the	  quantity	  of	  water	  
to	  be	  removed	  from	  each	  fill	  location,	  
tank	  dimensions,	  diameter	  of	  opening(s)	  
and	  clearance	  above	  the	  tank(s).	  

Water	  Cycle	  (Tank	  location,	  size,	  
fittings	  and	  clearence	  above:	  PL-‐
001,	  Detailed	  water	  budget	  -‐	  
section	  11	  of	  the	  project	  manual-‐	  
for	  amount	  of	  water	  requested	  and	  
exhausted.)	  

8.5	  Grey	  water	  reuse	   Specifications	  for	  grey	  water	  reuse	  systems	  

Water	  Recycling	  (PL-‐001	  and	  PL-‐
011	  for	  routing,	  Sustainability	  
section	  05.6.8	  of	  the	  project	  
manual	  and	  Technical	  Notes	  "Grey	  
water	  reuse	  and	  rain	  water	  
collection",	  for	  specifications	  of	  the	  
system.	  

8.6	  Rainwater	  Collection	  
Drawing(s)	  showing	  the	  layout	  and	  
operation	  of	  rainwater	  collection	  systems	  

Water	  Recycling	  (See	  Sustainability	  
report	  section	  05.6.8.2.,	  05.6.8.3.	  	  
and	  Technical	  Notes	  "Grey	  water	  
reuse	  and	  rain	  water	  collection".	  
Rain	  water	  is	  just	  used	  for	  irrigation	  
It	  is	  collected	  in	  an	  open	  pool	  in	  the	  
weather	  shild	  where	  lettuce	  is	  
grown.	  This	  could	  be	  considerd	  also	  
as	  a	  water	  feature.)	  
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8.8	  Thermal	  Mass	  

Drawing(s)	  showing	  the	  locations	  of	  water-‐
based	  thermal	  mass	  systems	  and	  
corresponding	  specifications	  

No	  sealed	  water	  containers	  are	  
used	  as	  thermal	  mass.	  The	  buffer	  
tank	  in	  the	  technical	  room	  (inside	  
the	  footprint	  area,	  outside	  the	  
measurable	  one)	  is	  part	  of	  the	  
radiant	  floor	  loop	  and	  could	  be	  
considered	  as	  additional	  thermal	  
mass	  added	  to	  the	  system.	  But	  it	  is	  
not	  a	  “thermal	  storage	  container”	  
as	  intended	  by	  the	  SDE	  
Organization,	  because	  it	  is	  an	  active	  
component	  of	  our	  HVAC	  system.	  
See	  ME-‐001	  (plan),	  ME-‐011	  
(equipment),	  ME-‐101	  (mechanical	  
room	  elevetion)	  for	  details	  about	  
the	  buffer	  tank.	  

8.9	  Grey	  Water	  Heat	  
Recovery	  

Heat	  may	  be	  recovered	  from	  grey	  water	  as	  
it	  flows	  from	  the	  drain	  to	  the	  waste	  tank.	  
“Batch-‐type”	  grey	  water	  heat	  recovery	  is	  
prohibited.	  

See	  drawing	  PL101-‐plumbing	  and	  
see	  Appendice	  5.4	  for	  "grey	  water	  
heat	  recovery	  brochure"	  and	  
"Technical	  notes	  on	  grey	  water	  
heat	  recovery"	  in	  Technical	  notes	  
Folder.	  The	  gray	  waterheat	  
recovery	  is	  thought	  just	  for	  
Copenhagen	  scenario	  when	  solar	  
collectors	  are	  no	  installed,	  no	  for	  
Versailles.	  

9.1	  Vegetation	  placement	  

Drawing(s)	  showing	  the	  location	  of	  all	  
vegetation	  and,	  if	  applicable,	  the	  
movement	  of	  vegetation	  designed	  as	  part	  
of	  an	  integrated	  mobile	  system	  

See	  section	  "05.6.8.2.	  Rainwater	  
collection",	  	  "05.6.8.3.	  Hydroponic	  
agriculture	  system"	  of	  
Sustainability	  part	  of	  the	  report,	  
"05.2.5.1	  -‐	  Sheltered	  Garden"	  and	  
"05.2.5.4	  -‐	  Plants	  and	  Urban	  
Farming"	  of	  the	  Architecture	  design	  
narrative	  and	  in	  the	  Appendices	  5.2	  
the	  file	  "Vegetation	  placement".	  

9.2	  Watering	  Restrictions	  
Drawings	  showing	  the	  layout	  and	  operation	  
of	  greywater	  irrigation	  systems	  

See	  section	  "05.6.8.4.	  Water	  
treatment"	  of	  Sustainability	  report	  
and	  Technical	  Notes	  "Grey	  water	  
reuse	  and	  rain	  water	  collection"	  
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10.2	  SDE	  Sensors’	  Location	  
and	  wire	  routing	  

Drawing(s)	  showing	  the	  location	  of	  bi-‐
directional	  meters,	  metering	  box,	  sensors,	  
cables	  and	  feed-‐through	  to	  pass	  the	  
instrumentation	  wires	  from	  the	  interior	  to	  
the	  exterior	  of	  the	  house	   ID	  -‐	  001	  

11.2	  Use	  of	  the	  Solar	  
Decathlon	  Europe	  Logo	  

Drawing(s)	  showing	  the	  dimensions,	  
materials,	  artwork,	  and	  content	  of	  all	  
communications	  materials,	  including	  
signage	  

N/A	  comment	  withdrawn	  by	  
organisation	  

11.3	  Teams’	  sponsors	  &	  
Supporting	  Institutions	  

Drawing(s)	  showing	  the	  dimensions,	  
materials,	  artwork,	  and	  content	  of	  all	  
communications	  materials,	  including	  
signage	   Compliant	  

11.4	  Team	  Uniforms	  
Drawing(s)	  showing	  the	  artwork,	  content	  
and	  design	  of	  the	  team	  uniform	  

PM	  05.7.5	  Communications	  Plan,	  
Team	  Visual	  Identity	  Manual	  

12.4	  Public	  Tour	  

Drawing(s)	  showing	  the	  public	  tour	  route,	  
indicating	  the	  dimensions	  of	  any	  difficult	  
point,	  complying	  with	  the	  accessibility	  
requirements	  

PM	  05.7.4	  Communications	  Plan,	  
Exterior	  area	  and	  public	  tour	  
description	  +	  PD	  PT_001	  and	  
PT_002	  

20.0	  Contest	  6:	  Drying	  
Method	  

Drawing(s)	  showing	  the	  drying	  Method.	  (ie	  
the	  place	  where	  the	  clothes	  wire	  will	  be	  
located)	  

For	  the	  drying	  method	  read	  "Cloth	  
dryer"	  section	  of	  00.	  APPLIANCES	  
AND	  HOME	  ELECTRONIC	  
EQUIPMENT.	  For	  location	  of	  drying	  
rack	  see	  drawing	  ID-‐005.	  

20.0	  Contest	  6:	  House	  
Functioning	  

Drawing(s)	  showing	  the	  location	  of	  all	  the	  
appliances	  and	  corresponding	  technical	  
specifications.	  

See	  manuals	  about	  appliances.	  See	  
PL-‐001,	  PL-‐101	  and	  "DETAILED	  
WATER	  BUGET"	  	  section	  11	  of	  the	  
Report,	  abot	  SDE	  Flow	  meter	  
location	  for	  Water	  Balance	  contest.	  

36.5	  Photovoltaic	  systems	  
design	  

Specifications	  of	  PV	  generators,	  inverters,	  
wiring,	  cables,	  protections,	  earthing	  
systems,	  interface	  with	  the	  electricity	  
distribution	  network	   PM	  5.3.5	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  
	  

Rules	  and	  Building	  Code	  Compliance	  Checklist	   13	  

	  

36.5	  Photovoltaic	  systems	  
design	   Inverters’	  certificates	  

PM	  5.3.5.2	  and	  certificates	  folder	  
(Inverter-‐Conext_RL_PVSNVC5000)	  

36.5	  Photovoltaic	  systems	  
design	  

Maintenance	  plan	  for	  PV	  generators,	  
supporting	  structure,	  inverters,	  wiring,	  
cables,	  protections,	  circuit	  breakers	  in	  case	  
of	  fire	  and	  earthing	  system.	  Fire	  protection	  
systems	  for	  PV	  DC	  wiring	   PM	  5.3.5	  

36.5	  Photovoltaic	  systems	  
design	  

The	  corresponding	  table	  “design	  summary”	  
must	  be	  filled	  out	   PM	  5.3.5	  ,	  PD	  PV-‐001	  to	  PV-‐031	  

51.3	  Fire	  Safety	  

Specifications	  for	  Fire	  Reaction	  of	  
Constructive	  elements,	  extinguishers	  and	  
fire	  resistance	  of	  the	  house’s	  structure.	   05.3.2.4	  Fire	  Safety	  Justification	  

51.3	  Fire	  Safety	  

Drawings	  showing	  compliance	  with	  the	  
evacuation	  of	  occupants’	  requirements	  and	  
fire	  extinguishers	  location	   FP-‐001	  Fire	  Protection	  

51.4	  Safety	  against	  falls	  

Specifications	  of	  compliance	  with	  the	  
slipperiness	  degree	  classes	  of	  floors	  
included	  in	  House	  tour	  

See	  technical	  depliant/brochure	  of	  
floor	  tiles	  "Newfloor	  Freefloor"	  
(http://www.newfloor.net/gb/prod
ucts/freefloor.htm)	  

51.4	  Safety	  against	  falls	  

Drawing(s)	  showing	  compliance	  with	  
conditions	  for	  uneven	  flooring,	  floors	  with	  
different	  level,	  Restricted	  Areas	  stairs,	  
Public	  Areas	  Staircases,	  Restricted	  Areas	  
Ramps	  and	  Public	  Areas	  Ramps	  

See	  drawings:	  AR-‐201	  Longitudinal	  
Section	  1-‐1;	  AR-‐203	  Longitudinal	  
Section	  3-‐3;	  AR-‐021	  Floor	  Plan,	  
Ground	  Floor;	  +	  HS-‐102	  
(circulation)	  

51.4	  Safety	  for	  avoiding	  
trapping	  

Drawing(s)	  showing	  compliance	  with	  
conditions	  and	  impact	  risk	  for	  avoiding	  
trapping	  and	  impact	  risk	   HS-‐101	  

51.4	  Safety	  against	  the	  risk	  
of	  inadequate	  

Specifications	  for	  level	  of	  illumination	  of	  
house	  lighting	  tour	  areas	  light	  fittings	  

See	  05.2.10	  -‐	  Lighting	  design	  
narrative	  +	  HS-‐103	  +	  HS-‐103-‐1	  
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51.5	  Accessibility	  
Interior	  and	  exterior	  plans	  showing	  the	  
entire	  accessible	  tour	  route	  

PM	  05.7.4	  Communications	  Plan,	  
Exterior	  area	  and	  public	  tour	  
description	  +	  PD	  PT_001	  and	  
PT_002	  

51.6	  Structural	  Safety	  

Specifications	  for	  the	  use	  of	  dead	  loads,	  live	  
loads,	  safety	  factors	  and	  load	  combinations	  
in	  the	  structural	  calculations	   Structural	  Documentation	  

51.7	  Electrical	  and	  PV	  
Systems	  

Specifications	  of	  the	  wiring,	  channels,	  
panels	  and	  protections	  of	  the	  electrical	  
installation	  

PM	  5.3.4	  and	  PM	  5.3.5	  ,	  	  EL	  and	  PV	  
drawings	  

51.7	  Electrical	  and	  PV	  
Systems	  

One-‐line	  electrical	  diagram	  and	  drawings	  
showing	  the	  grounding,	  execution	  and	  
paths	  

EL-‐501,EL-‐502,EL-‐503,EL-‐504,EL-‐
505,PV-‐031	  
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EMBRACE	  is	  a	  minimal	  city	  dwelling	  created	  to	  facilitate	  urban	  densification	  by	  creating	  new	  
communities	   on	   top	   of	   existing	   buildings.	   Existing	   rooftops	   are	   not	   utilized	   to	   their	   full	  
potential	   as	   they	   currently	   lack	   livable	   space.	   Many	   existing	   rooftops	   are	   defined	   by	   the	  
Copenhagen	   municipality	   as	   suitable	   places	   for	   densification	   and	   the	   urban	   renewal	   by	  
adding	   new	   buildings	   to	   the	   existing	   city.	   The	   project	   is	   intended	   for	   the	   developing	  
Nordhavn	  district	  of	  Copenhagen,	  Denmark	  but	  is	  conceptually	  open	  to	  adaptation	  to	  other	  
contexts.	  

	  

Left:	  Illustration	  of	  EMBRACE	  with	  the	  Weather	  Shield.	  Right:	  Concept	  of	  EMBRACE	  on	  top	  of	  existing	  building.	  

The	   project	   is	   designed	   to	   add	   self-‐sustaining	   communities	   to	   the	   existing	   urban	   fabric.	  
EMBRACE	  dwellings	  consist	  of	  a	   'Thermal	  Envelope'-‐unit	  and	  a	   'Sheltered	  Garden'	   covered	  
by	  a	  Weather	  Shield.	  The	  sheltered	  garden	  stimulates	   interconnectivity	  by	  creating	  diverse	  
semi-‐private	   and	   semi-‐public	   zones	   that	   are	   usable	   by	   both	   the	   rooftop	   residents	   and	  
residents	  from	  dwellings	  below.	  Social	  interaction	  aims	  to	  counter	  loneliness	  in	  Copenhagen	  
and	  is	  encouraged	  through	  the	  sharing	  of	  resources,	  knowledge	  and	  time.	  
	  
The	  protective	  skin	  integrates	  solar	  power	  technologies	  to	  power	  the	  rooftop	  dwellings	  and	  
share	   energy	   with	   the	   building	   below.	   The	   dwelling	   is	   composed	   of	   largely	   prefabricated	  
modules	  to	  enable	  simple	  assembly	  on	  top	  of	  existing	  buildings.	  
	  
Reducing	   the	   environmental	   impact	   has	   been	   stimulated	   from	   early	   on	   through	   the	  
sustainability	  concept	  of	  Smart,	  Save,	  Share".	  	  The	  strategy	  firstly	  aims	  to	  Save	  energy	  used	  
or	  embodied	  in	  EMBRACE.	  Secondly,	  the	  energy	  that	  is	  consumed	  is	  consumed	  in	  an	  efficient	  
and	   Smart	   manner.	   Thirdly,	   the	   communal	   impact	   of	   EMBRACE	   on	   the	   environment	   and	  
society,	   from	   	   f.e.	   the	   shared	   space	   and	   vehicles,	   will	   be	   reduced	   by	   Sharing	   the	   impact	  
among	  multiple	  dwellings.	  

	  
Concept	  illustration.	  Read	  from	  top	  clockwise.	   	  

PROJECT RECAP 
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The	  reason	  why	  DTU	  is	  participating	  in	  the	  Solar	  Decathlon	  Europe	  is	  to	  challenge	  the	  ways	  
of	   thinking	   when	   designing	   and	   producing	   homes,	   as	   the	   global	   environment	   urge	   this	  
initiative.	   The	   new	  ways	   of	   thinking	   should	   create	  more	   sustainable	   homes	   and	   come	   up	  
with	  smart	  housing	  solutions,	  that	  in	  the	  same	  time	  is	  densifying	  the	  city	  areas,	  if	  we	  want	  to	  
save	   the	  maximal	   amount	  of	  natural	   resources	   and	  emphase	  more	  positive	  effects	  on	   the	  
climate	  meaning	  we	  can	   leave	  a	  better	  base	   for	  our	  descendants.	   The	   reason	   for	   that	   the	  
densification	  of	  the	  city	  is	  seen	  as	  a	  crucial	  point	  in	  the	  process	  of	  having	  a	  positive	  impact	  
on	  the	  environment	  issues,	  is	  due	  to	  that	  more	  dense	  areas	  use	  less	  energy	  in	  the	  daily	  use	  
because	  of	  e.g.	  less	  energy	  going	  into	  transporting	  etc.	  Furthermore	  is	  it	  the	  project	  goal	  not	  
to	  drive	   the	   lower	  and	  middle	   income	  classes	  out	  of	   the	  city	  as	   it	  has	  been	  done	   in	  many	  
metropolises,	   but	   to	   secure	   a	   mix	   population	   within	   the	   cities.	   This	   set	   demands	   for	   the	  
maximal	  cost	  that	  the	  project	  can	  allow	  as	  the	  project	  has	  to	  stay	  affordable	  for	  the	  low	  and	  
middle	  income	  classes.	  
The	  topic’s	  the	  Urban	  Design,	  Transportation	  and	  affordability	  (UDTA)	  reports	  are	  therefore	  
addressing	  topic’s	  related	  to	  global	  design	  strategy	  including	  spatial	  organization	  in	  relation	  
to	  mobility	  and	  urban	  local	  policy,	  economical	  feasibility	  and	  production	  modes,	  affordability	  
and	  market	  viability.	  	  
	  
The	  report	  is	  build	  up	  of	  following	  five	  sub	  reports	  as	  described	  in	  SDE	  rule	  39:	  
05.1.1	  Urban	  strategy	  
05.1.2	  Marketability	  of	  the	  product	  
05.1.3	  Individual	  and	  collective	  housing	  
05.1.4	  Mobility	  strategies	  
05.1.5	  Affordability	  strategies	  
	  
The	  Reports	  clarifies	  respectively	  design	  solution	  for	  a	  sustainable	   living	  environment,	  how	  
the	  users	  interact	  with	  EMBRACE	  and	  Nordhavn,	  the	  values	  of	  EMBRACE,	  EMBRACE’s	  target	  
market	  and	  what	  is	  affordable	  to	  the	  target	  market.	  Furthermore	  is	  the	  aim	  of	  of	  the	  reports	  
to	  show	  that	  EMBRACE	  is	  feasible	  concept	  and	  how	  EMBRACE	  	  inworks	  the	  local	  context	  of	  
Nordhavn.	  

	  
  

05. CONTEST SUPPORT DOCUMENTS 
 

05.1 URBAN DESIGN, TRANSPORTATION AND 
AFFORDABILITY 
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The	   goal	   of	   EMBRACE	   on	   the	   urban	   level,	   is	   to	   fulfill	   a	   housing	   model	   that	   can	   increase	  
density	   in	  already	  established	  urban	  areas,	  by	  creating	  housing	  space	  where	  there	   is	  none,	  
meaning	  empty	   rooftops	  of	  existing	  building.	   It	  has	  been	  estimated	   	   that	  Copenhagen	  has	  	  
329.000	  square	  meters	  of	  potential	  rooftop	  housing	  square	  meters1.	  By	  utilizing	  this	  space,	  
EMBRACE	   shall	   contribute	   to	   solving	   the	   increasing	   problems	   of	   urban	   sprawl,	   real	   estate	  
prices,	  traffic	  issues,	  energy	  production,	  food	  waste	  and	  other	  problems	  affiliated	  with	  these	  
issues.	  
	  

 
	  
The	   name	   explains	   the	   building	   as	   it	   embraces	   the	   environment	   it	   is	   placed	   in.	   EMBRACE	  
creates	  not	  only	  space	  for	  more	  people	  it	  also	  includes	  the	  people	  from	  the	  existing	  building	  
by	  creating	  a	  more	  urban	  cityscape	  on	  the	  rooftop.	  
 

05.1.1.1 NORDHAVN - CHOSEN REPRESENTATIVE CONTEXT 
Future	   demands	   of	   more	   sqm.	   for	   housing	   in	   Copenhagen,	   means	   that	   a	   lot	   of	   urban	  
planning	   has	   to	   be	   made	   for	   the	   Copenhagen	   area.	   Several	   other	   attempts	   of	   urban	  
development	  have	  shown	   that	   large	   scale	  plans	  have	  serious	  user	  problems,	  e.g.	  as	   in	   the	  
case	  of	  Ørestad	  (See	  Appendix	  05.1.1.1).	  	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
1	  P.	  5,	  Engdam	  &	  Clausen:	  Udnyttelse	  af	  eksisterende	  københavnske	  bytage	  

05.1.1 URBAN DESIGN STRATEGY 
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Prospective	  view	  of	  Nordhavn	  

	  

Nordhavn	  in	  Copenhagen	  has	  a	  small	  scale	  approach,	  that	  utilizes	  an	  old	  harbour	  district	  in	  
its	  core.	  The	  area	  will	  feature	  small	  scale	  housing,	  high	  density,	  electric	  smart	  grid	  and	  public	  
nearby	  public	  transport	  and	  attractive	  bicycle	  infrastructure.	  These	  terms	  fit	  the	  ambition	  of	  
EMBRACE,	  and	  because	  of	  several	  existing	  preserved	  industrial	  buildings,	  many	  rooftops	  are	  
available	  for	  the	  utilization	  of	  EMRACE.	  

	  
	  

 
Figure	  of	  Nordhavn	  

Also,	  Copenhagen	  municipality	  is	  very	  ambitious	  concerning	  sustainability;	  it	  is	  planned	  that	  
Copenhagen	  as	  city	  should	  be	  carbon	  neutral	  in	  2025	  with	  Nordhavn	  as	  the	  biggest	  pioneer	  
project	  for	  sustainable	  urban	  design	  and	  a	  quarter	  within	  in	  Copenhagen.	  
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Embrace	  on	  site	  in	  Nordhavnen,	  founded	  on	  existing	  preserved	  industrial	  buildings	  

 

05.1.1.2 EMBRACE’ URBAN IMPACT 
In	  order	   to	   show	   just	  how	  EMBRACE	   can	   contribute	   to	  urban	  projects,	   EMBRACE	   is	   in	   the	  
following	  described	  according	  to	  official	  DGNB-‐parameters	  for	  evaluating	  urban	  settings.	  The	  
DGNB-‐certification	   is	   todays	   most	   acknowledged	   certification	   for	   sustainable	   building,	  
comprehending	  life-‐cycle	  assessment	  from	  cradle	  to	  grave.	  	  
 

 
Figure	  of	  DGBN	  urban	  guidelines	  
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In	   the	  above	  graphic,	   the	   topics	  where	  EMBRACE	  has	  an	   impact	  has	  been	  highlighted.	   For	  
thorough	  walk-‐through	  of	  the	  topics,	  see	  appendix	  05.1.1.3.	  
	  	  
Summing	  up	  on	  EMBRACE’	  impact	  on	  the	  pins:	  	  
	  
The	   pins	   “Local	   food	   production”	   and	   “Rain	   water	   management”	   are	   featured	   through	  
EMBRACE’	  Sheltered	  Garden	  concept.	  Rain	  water	  is	  kept	  and	  used	  for	  irrigation,	  vegetables	  
is	  produced.	  Surplus	  of	  rain	  water	  can	  be	  shared	  with	  applied	  buildings.	  
	  
“Energy	   technology”,	   “Energy	   demand”,	   “Energy	   Technology”,	   “Life	   cycle	   cost”	   and	   “life	  
cycle	   assessment”	   is	   treated	  due	   to	   high-‐performance	  wooden	   climate	   envelope	   and	   low-‐
consuming	   installations,	   ensuring	   a	  minimum	   of	   energy	   loss	   and	   consumption.	   The	   urban	  
surroundings	   benefit	   from	   this	   due	   to	   surplus	   energy	   generated	   from	   these	   applications,	  
which	   reduces	   the	   total	   consumption	   for	   the	  building	   complex.	  On	  a	   conceptual	   level,	   the	  
concept	   of	   densifying	   by	   adding	   to	   existing	   structures,	   rather	   than	   demolishing	   and	  
rebuilding,	  is	  beneficial	  for	  for	  the	  urban	  area	  on	  the	  LCA-‐balance.	  	  
	  
In	  “Land	  use”,	  “Use	  of	  existing	  structures”,	  “Efficient	  land	  use”,	  EMBRACE	  has	  positive	  effect	  
since	  no	  new	  land	  is	  required,	  thereby	  not	  contributing	  to	  urban	  sprawl.	  As	  for	  efficient	  land	  
use,	   EMBRACE	  will	   always	   increase	  efficiency	   to	   the	   area	  where	   it	   is	   applied,	   but	   one	   can	  
argue	   that	   an	   old	  warehouse	  where	   EMBRACE	   is	   added	  will	   still	   be	   less	   efficient,	   density-‐
wise,	  than	  a	  new	  High	  Rise	  complex.	  	  
	  
“Development	  layout	  and	  flexibility	  use”,	  “Social	  and	  functional	  mix”	  and	  “Information	  and	  
telecommunication	   structure”	   is	   treated	   due	   to	   EMBRACE	   suiting	   different	   inhabitant	  
settings,	  providing	  the	  urban	  area	  with	  social	  difference.	  Physically,	  EMBRACE	  is	  interlinked	  
and	   has	   shared	   spaces,	   but	   also	   consumption	   information	   is	   shared	   via	   information	  
technology.	  
	  
“Value	  stability”	  and	  “Municipal	   fiscal	  effects”	   is	   impacted	  positively	  due	   to	  an	   increase	  of	  
density	  and	  addition	  of	  flexible	  housing.	  

05.1.1.3 EMBRACE CONNECTED TO ITS SURROUNDINGS 
This	  chapter	  will	  put	  focus	  to	  the	  add-‐on	  concepts	  of	  the	  house	  in	  different	  building	  stocks	  
and	   it	   will	   introduce	   a	   concept	   (connect³),	   which	   combines	   urban	   planning,	   community	  
thinking	  and	  in	  the	  smallest	  scale	  the	  direct	  influence	  of	  built	  environment	  on	  the	  user.	  	  
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The overall concept: Connect³ 

 
Three	  layers	  of	  connection	  

For	  detailed	  description	  of	  purpose	  and	  function	  of	  the	  layers,	  please	  see	  appendix	  05.1.1.4.	  
 

Connect1: The user + the building 
The	  first	  layer	  is	  the	  integration	  of	  the	  user	  to	  the	  house,	  to	  establish	  interaction.	  This	  means	  
programming	   and	   designing	   the	   management	   system	   of	   the	   house	   in	   a	   user-‐friendly,	  
interactive	   and	   smart	   way.	   Apps,	   Internet,	   intelligent	   installations	   are	   tools	   used	   in	   this	  
matter.	  
The	   concept	   is	   necessarily	   based	   on	   a	   “smart	   user”	   which	   are	   defined	   as	   a	   digitalized,	  
technological	  person.	  However,	   the	  technology	   interface	  shall	  be	  simple,	  as	   it	   is	   important	  
that	  all	  kind	  of	  residents	  can	  utilize	  the	  system.	  The	  goal	  is	  that	  all	  users	  will	  interact	  actively	  
with	  all	  in-‐house	  technical	  applications,	  and	  the	  outcome	  should	  be	  an	  optimized	  controlling	  
and	  a	  minimization	  of	  consumption.	  However,	   level	  of	  user	  control	  will	  depend	  upon	  each	  
user,	   and	   the	   system	   shall	   work	   with	   different	   levels	   of	   automatisation.	   For	   an	   in-‐depth	  
technical	  description	  of	  this	  system,	  please	  see	  Technical	  Note	  on	  House	  Management.	  
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The	  user	  receives	  information	  and	  controls	  appliances	  through	  a	  web-‐based	  platform	  

 

Connect2: The user + the community 
The	   second	   layer	   will	   be	   the	   connection	   of	   the	   house	   to	   the	   community	   in	   which	   it	   is	  
situated.	  In	  this	  more	  theoretical	  part,	  the	  main	  focus	  lies	  in	  sharing,	  digitised	  communities	  
and	   how	   the	   house	   with	   its	   occupants	   can	   be	   a	   part	   of	   it.	   From	   shared	   spaces,	   as	   an	  
architectural	   design	   aspect	   to	   shared	   tools,	   community	   kitchens	   and	   gardens,	   the	  
possibilities	   are	   wide.	   A	   main	   part	   also	   will	   be	   the	  motivation	   of	   the	   user,	   regarding	   the	  
reduction	  of	  energy	  consumption	  without	  monetary	  incentives.	  	  
Away	  from	  the	  single	  person	  it	  is	  up	  to	  the	  concepts	  to	  create	  a	  bottom	  up	  structure	  which	  
helps	  and	  encourage	  the	  inhabitants	  to	  interact	  and	  participate.	  This	  will	  happen	  in	  a	  strong	  
relation	  to	  the	  rest	  of	  the	  quarter	  in	  Nordhavnen	  and	  at	  a	  certain	  point	  in	  the	  full-‐scale	  city.	  
The	   strategy	   for	   EMBRACE	   however	   is	   to	   concentrate	   on	   the	   small	   community,	   since	   the	  
ideas	  are	  easier	  to	  implement	  and	  in	  a	  later	  stage,	  to	  evaluate.	  	  
The	   interaction	  between	  user	  and	  community	  can	  contain	  sharing	  of	  soft	  values	   like	   ideas,	  
knowledge,	  contacts	  and	  hard	  values	  like	  physical	  objects,	  tools,	  skills	  etc.	  An	  internet-‐based	  
platform	  can	  serve	  as	  the	  conveyer	  between	  user	  and	  community.	  
The	   concept	   of	   connecting	   user	   and	   society	   stretches	   to	   the	   building	   design	   as	   well.	   The	  
building	   creates	   an	   immediate	   connection	   with	   its	   environment:	   The	   shared	   spaces,	   the	  
open	   construction	   and	   installations	   like	   the	   shared	   concept,	   semi-‐public	   passages	   leading	  
through	  the	  house,	  open	  kitchens	  and	  so	  on	  will	  create	  an	  inviting	  and	  easy	  accessible	  shape	  
of	   the	   house.	   It	   will	   help	   connecting	   oneself	   with	   the	   neighbours,	   developing	   personal	  
relations	   with	   other	   inhabitants	   and	   strengthen	   the	   communication	   within	   the	   rooftop	  
community.	  
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Making	  it	  easy	  to	  share:	  A	  web-‐based	  community	  platform	  made	  for	  user	  interaction	  

  

Connect3: The building + the community 
The	  last	   level	   is	  the	  connection	  of	  the	  house	  with	  the	  other	  houses	  in	  the	  community.	  This	  
means	  to	  connect	  the	  house	  with	  the	  local	  smart	  grid	  to	  gain	  an	  optimised	  energy	  balance	  in	  
the	  whole	  neighbourhood.	  	  
	  
The	  last	  level	  of	  the	  connect³	  represents	  the	  connection	  of	  the	  building	  with	  the	  community	  
and	  shows	  the	  technical	  part	  of	  the	  concept.	  From	  the	  outcomes	  of	  the	  house	  to	  problems	  
like	  installations	  which	  are	  connected	  with	  the	  rest	  of	  the	  roof,	  the	  quarter	  and	  the	  city	  are	  
discussed.	   Given	   that	   most	   of	   the	   topics	   consider	   technical	   issues,	   which	   base	   on	   the	  
building	  management	  system	  and	   its	  components,	   this	  chapter	  will	  be	  discussed	  deeper	   in	  
the	   next	   deliverables.	   The	   actual	   status	   of	   these	   components	   contents	   too	   much	  
uncertainties	  to	  extend	  it	  to	  the	  community	  level.	  Nevertheless,	  the	  most	  important	  parts	  of	  
the	  concept	  are	  listed	  in	  the	  following	  and	  some	  basic	  information	  is	  already	  provided.	  
	  	  
From	  ideas	  of	  a	  self-‐sustaining	  rooftop	  system	  to	  a	  fully	  integrated	  community	  the	  different	  
feasibilities	   are	   shown.	   Here	   the	   focus	   turns	   back	   to	   the	   Nordhavnen	   area	   with	   its	  
advantages	  and	  disadvantages.	  The	  planned,	  price-‐driven	  Nordhavnen	  smart	  grid	  is	  playing	  a	  
big	   role	  as	  well	   as	   the	  possibilities	  of	  waste	  water	   treatment,	  waste	  management	  and	   the	  
pros	  and	  cons	  of	  microgrids	  and	  smart	  grids	  will	  be	  discussed	  on	  the	  actual	  example.	  
	  	  
The	   components	   in	   this	   chapter	   consist	   of	   the	   collocation	   of	   the	   buildings	   on	   particular	  
rooftops	  their	  sight-‐axis	  and	  the	  placement	  of	  the	  semi-‐private	  and	  semi-‐shared	  areas.	  The	  
architectural	   locations	   of	   meeting	   points,	   community	   cafes	   and	   the	   mentioned	   possible	  
workshops	  or	  just	  micro	  parks	  are	  also	  discussed	  within	  this	  topic.	  
	  	  
Special	  emphasis	  is	  also	  put	  on	  urban	  farming	  for	  which	  the	  concept	  of	  the	  EMBRACE	  house	  
is	   suitable	  due	   to	   the	  envelope	   that	   serves	  as	  a	  greenhouse.	  The	  micro-‐climate	  conditions	  
will	   be	   perfect	   to	   grow	   various	   plants	   and	   	   push	   the	   gardening	   in	   the	   middle	   of	   former	  
industrial	   centres.	   Depending	   how	   big	   the	   community	   will	   be,	   it	   also	   can	   emerge	   to	   an	  
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organised	   gardening	   concept,	   which	   has	   its	   focus	   on	   self-‐catering	   within	   the	   society.	  
Depending	  on	   the	  ground-‐plan	  of	   the	   roof,	  even	   free	  spaces	  underneath	   the	  envelope	  are	  
imaginable	  that	  only	  serve	  for	  gardening	  purposes.	  
  

Energy Supply 
For	   EMBRACE	   to	   perform	   in	   different	   settings,	  we	   have	   provided	   different	   heating	   supply	  
solutions.	   Nordhavn	   has	   state-‐of-‐the-‐art	   low-‐temperature	   district	   heating	   available	   from	  
efficient	  heat	  plants,	  direct	  connection	  to	  this	  is	  preferable.	  	  

 
Energy	  supply:	  When	  cheap	  district	  heating	  is	  available,	  direct	  connection	  is	  preferred	  

 
When	  no	  connection	  to	  district	  heating	  is	  available,	  EMBRACE	  offers	  an	  alternative	  solution:	  
To	   utilize	   heated	   exhaust	   air	   from	   existing	   structure	   through	   a	   air-‐to-‐water	   heat	   pump,	  
driven	  by	  self-‐produced	  solar	  power.	  	  

 
Innovative	  heating	  supply:	  Exhaust	  air	  from	  pre-‐existing	  building	  is	  utilized	  through	  a	  air-‐to-‐water	  heat	  

pump	  
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The	   benefits	   of	   this	   alternative	   solution	   is,	   apart	   from	   the	   flexibility,	   less	   heat	   loss	   due	   to	  
short	   distances	   from	  generation	   to	   use.	   In	   a	   fully	  modernized	  building	  with	   heat	   recovery	  
ventilation	   system,	   this	   is	   not	  possible.	  But	   considered	   the	   constructional	   issues	  and	   costs	  
affiliated	   with	   installing	   such	   systems	   in	   old	   buildings,	   a	   system	  with	   exhaust	  mechanism	  
only	  would	  be	  preferred	  	  over	  a	  heat	  recovery	  system	  (Please	  see	  Technical	  Note	  on	  Exhaust	  
Heat	  Pump	  for	  elaboration	  on	  this).	  	  
 

EMBRACE in a smart-grid context 
Within	   the	   EMBRACE	   community,	   electricity	   is	   shared	   through	   an	   intelligent	   microgrid.	  
Surplus	   energy	   from	   solar	   cells	   can	   be	   utilized	   in	   underlying	   buildings	   or	   other	   EMBRACE	  
units.	  For	  this	  a	  monitoring	  system	  is	  required,	  which	  controls	  the	  in	  and	  outcomes	  as	  well	  
as	  the	  performance	  of	  the	  distribution	  system.	  By	  connecting	  monitoring	  with	  user	  control,	  
the	   tenants	   or	   intelligent	   devices	   can	   control	   consumption	   dynamically	   to	   the	   amount	   of	  
produced	   energy	   that	   is	   available	   in	   the	   grid	   (Please	   see	   Technical	   Note	   on	   Housing	  
Management).	  
On	   the	   urban	   scale	   of	   the	   case	   in	   Nordhavn,	   EMBRACE	   will	   contribute	   to	   a	   sustainable	  
circulation	  of	  electricity.	  

 
Electric	  grid	  principle:	  Electricity	  from	  solar	  cells	  can	  be	  used	  within	  the	  small	  community	  grid	  or	  be	  
sent	  to	  the	  district	  grid	  (please	  note	  the	  principle	  character	  of	  this	  sketch,	  practically	  the	  community	  

grid	  will	  be	  directly	  connected	  to	  the	  district	  grid)	  
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05.1.1.4 CASES AND SPATIAL VARIATIONS 
Overall	  there	  are	  two	  kinds	  of	  contexts	  for	  which	  EMBRACE	  can	  be	  placed.	  	  
Housing	   areas:	   EMBRACE	   dwellings	   will	   work	   as	   an	   extension	   to	   the	   existing	   house	   unit,	  
where	  it	  will	  offer	  space	  shared	  by	  all	  the	  inhabitants	  in	  whole	  building	  complex.	  	  
Industrial	   areas:	   An	   industrial	   area	   will	   likely	   offer	  more	   functional	   variety,	   thereby	  more	  
variety	  in	  users.	  Spaces	  within	  the	  EMBRACE	  community	  can	  be	  here	  a	  place	  where	  people	  
from	  outside	  also	  could	  go,	  fx.	  a	  café	  area.	  
 

Spatial versions 
Several	   different	   formations	   are	   available	   for	   EMBRACE.	   An	   important	   consideration	   is	  
minimizing	  exterior	  envelope	  by	  sharing	  walls.	  With	  this	  in	  mind,	  the	  ideal	  formation,	  which	  
is	  also	  utilized	  in	  the	  case	  of	  Nordhavn,	  is	  illustrated	  below:	  

 

Private	  indoor	  space Shared	  Space Private	  Sheltered	  Garden Private	  
indoor/sheltered	  

Ideal	  formation	  for	  EMBRACE	  energywise	  
 

Notice	  that	  the	  units	  has	  been	  mirrored,	  so	  heated	  space	  share	  one	  of	  their	  exterior	  walls,	  so	  
no	   heat	   is	   lost	   through	   this	   wall.	   There	   will	   be	   spaces	   shared	   by	   the	   community,	   fx.	   on	  
building	   corners,	  where	  a	  unit	  does	  not	   fit.	   The	   sheltered	  gardens	  are	   in	   this	   version	  kept	  
private,	  however	  other	  possibilities	  are	  possible	  with	  other	  formations,	  fx.	  side	  by	  side	  in	  a	  
continuous	  row	  or	  in	  smaller	  clusters	  of	  houses.	  These	  configurations	  are	  shown	  in	  Appendix	  
05.1.1.5.	  

Impact on urban architecture 
Placing	   the	   EMBRACE	   dwellings	   on	   rooftops	   will	   affect	   the	   overall	   appearance	   of	   the	  
building.	   The	   outside	   geometry	   of	   the	   house,	   which	   is	   the	   weathershield	   is	   very	   simple	  
designed.	  The	  sides	  are	  sloped	  making	  the	  weathershield	  less	  visible	  from	  the	  street	  and	  has	  
a	   uniform	   straight	   profile.	   Plausible	   problems	   could	   be	   restricted	   building	   height,	   static	  
documentation,	  protected	  buildings,	  strict	  local	  plans.	  
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EMBRACE	  integrated	  on	  a	  rooftop	  in	  Nordhavnen	  

	  

Embrace in different urban settings 
Embrace	  should	  utilize	  unused	  space	  and	  enrichen	  its	  surroundings.	  The	  following	  describes	  
EMBRACE’	  applicability	  to	  old	  industrial	  areas	  and	  dense	  housing	  areas,	  respectively.	  
	  
Industrial	  areas	  (Nordhavn):	  	  
The	  general	  urban	  planning	   is	  orientated	   towards	   the	  area	  of	  Nordhavn.	  To	  cope	  with	   the	  
industrial	  character	  of	  the	  old	  harbour	  quarter	  our	  house	  is	  mainly	  designed	  for	  the	  usage	  on	  
top	   of	   2-‐3	   storey	   high	   industrial	   halls	   and	   building	   complexes.	   In	   the	   area	   picture	   of	  
Nordhavnen	  underneath	  one	  can	  clearly	  see	  what	  the	  potential	  rooftops	  are	  looking	  like.	  A	  
major	  challenge	  is	  to	  keep	  the	  existing	  logistics	  intact	  while	  adding	  new	  values,	  new	  people	  
and	  uses	   into	   the	  quarter.	   It	   also	  asks	   for	  a	  elaborated	  urban	  design	   to	   integrate	   the	  new	  
needs	  for	  the	  quarter,	  like	  leisure	  areas,	  meeting	  points,	  stores	  for	  the	  daily	  life,	  parks,	  “off-‐
spaces”,	  cafes	  and	  so	  on.	  Like	  with	  all	  new	  encounters	  the	  new	  citizens	  need	  to	  get	  used	  to	  
the	  areas	  as	  well	  as	  the	  other	  way	  around.	  	  
 

 
Typical	  Nordhavnen	  rooftops,	  Foto:	  Google	  Earth	  
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Although	  there	  are	  multiple	  challenges	  to	  face,	  the	  mixed	  usage	  of	  an	  urban	  area	  also	  comes	  
with	   huge	   advantages;	   especially	  with	   the	   easy	   to	   implement	   through	   the	   simple	   add-‐on-‐	  
concept	   of	   the	   EMBRACE	   house.	   One	   of	   the	   biggest	   advantages	   is	   the	   flexibility,	   which	   is	  
created	  with	  the	  new	  top-‐area.	  The	  new	  layers	  evolving	  with	  the	  rooftop	  can	  create	  a	  long	  
lasting	   building	   concept	   which	   creates	   flexible	   space	   for	   different	   usages.	   Apart	   from	  
flexibility,	  EMBRACE’	  contributes	  with	  the	  following	  advantages:	  
 

• Awakens	  “dead”	  industrial	  quarters	  
• Adds	  new	  potential	  to	  industrial	  buildings	  
• Creates	  new	  living	  space	  and	  variation	  
• The	  combination	  of	  functions	  makes	  a	  platform	  for	  exchange	  
• The	  heat-‐exhaust	  from	  eventual	  active	  industry	  can	  be	  used	  by	  the	  community	  on	  

the	  roof.	  	  
 

Dense city areas (Inner Copenhagen, Østerbro, Vesterbro, Nørrebro) 

 

 
Rooftops	  in	  Østerbro,	  Copenhagen,	  Foto:	  Google	  Earth	  

 
A	  completely	  different	  kind	  of	  planning	  is	  necessary	  in	  already	  existing	  housing	  quarters	  like	  
Østerbro	   in	   Copenhagen.	  Mainly	   5	   to	   6	   story	   high	   buildings	  with	   flat	   rooftops	   and	  mainly	  
used	   for	   living.	   The	   EMBRACE	  dwellings	  will	   serve	   as	   an	   extension	   to	   the	   existing	   housing	  
community.	  With	  its	  sustainable	  design	  and	  surplus	  energy	  consumption	  it	  will	  also	  add	  new	  
values,	  but	   the	  bigger	   impact	   to	   the	  quarter	   is	   reached	  as	  an	  add-‐on	   in	   industrial	  areas	  or	  
brownfield	  sites.	  
	  	  
This	  implies	  that	  the	  whole	  idea	  of	  the	  rooftop	  society	  changes.	  From	  an	  avant-‐garde	  space,	  
bringing	   new	   usage	   and	   value	   to	   an	   industrial	   space,	   the	   houses	   on	   the	   roof	   will	   be	  
integrated	   in	   the	   community	   of	   the	   existing	   house.	   The	   roof	   will	   not	   be	   accessible	   for	  
pedestrians	   and	   provide	   an	   exclusive	   access	   to	   occupants	   in	   the	   building.	   This	   guarantees	  
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safety	  and	  privacy	  but	   increases	  the	  isolation.	  There	  will	  maybe	  be	  semi-‐shared	  spaces	  but	  
only	  for	  the	  occupants	  in	  the	  particular	  building	  complex.	  	  
  
Another	  problem	  in	  the	  design	  in	  this	  kind	  of	  environment	  is	  the	  limitations	  in	  planning	  the	  
connection	  of	  the	  houses	  with	  the	  rest	  of	  the	  city	  in	  an	  efficient	  and	  sustainable	  way.	  Since	  
the	  main	   infrastructure	   and	   installations	   are	   already	   there,	   a	  widespread	   change	  will	   cost	  
much	  more	  time	  and	  resources	  then	  in	  almost	  not	  developed	  industrial	  areas,	  where	  a	  lot	  of	  
things	  can	  be	  planned	  from	  “scratch”.	  
	  
Nevertheless,	   the	   rooftop	   community	   will	   put	   several	   positive	   impacts	   in	   the	   existing	  
quarters	  and	  blocks.	  Some	  of	  the	  many	  advantages	  are	  again	  listed	  underneath.	  
 
Advantages:	  

• Extended	  living	  space	  for	  existing	  buildings.	  
• Easier	  and	  even	  more	  attractive	  than	  raising	  the	  whole	  building.	  
• Alternative	  to	  reconstructions	  
• Installations	  and	  vertical	  connections	  can	  easily	  be	  extended	  from	  the	  existing	  

building	  stock	  
• Densifies	  urban	  areas	  
• Flexible	  design	  
• Surplus-‐energy	  concept	  of	  the	  rooftop	  community	  can	  be	  used	  for	  the	  house	  as	  well.	  

 
Industrial area 
For	   buildings	   with	   a	   moderate	   building	   height	   it	   would	   make	   sense	   to	   make	   exterior	  
staircases.	  By	  doing	  so,	  the	  indoor	  facilities	  remain	  untouched.	  Besides	  the	  connection	  to	  the	  
rooftop	  community	  will	  be	  visible	  as	  part	  of	  the	  urban	  environment,	  which	  can	  be	  an	  inviting	  
factor	  for	  the	  public	  rooftop	  spaces.	  

 
 

 

 

 
 
 
 
 
 
 

EMBRACE	  on	  industrial	  building	  with	  public	  access	  to	  Rooftop	  
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From	  a	   technical	   perspective	   the	   stairs	   can	   also	   be	   the	   construction	  which	   contain	   all	   the	  
installations	  which	  need	  to	  be	  connected	  with	  the	  rest	  of	  the	  city.	  The	  impact	  of	  exterior	  
staircases	   in	   an	   urban	   design	   is	   of	   course	   site-‐dependent.	  What	   seems	   disturbing	   in	  
some	   urban	   areas	   can	   be	   an	   architectural	   reminiscence	   in	   the	   shape	   of	   old	   industrial	   fire	  
safety	  stairs.	  	  	  
	  

 
Fire	  Stairs,	  Foto:	  www.igg.org.uk	  

 
Housing area 
A	  different	  situation	  is	  faced	  in	  housing	  areas.	  An	  exterior	  stair	  would	  be	  disturbing	  and	  may	  
be	   recognized	   as	   a	   strong	   impact	   in	   the	   private	   sphere	   of	   the	   residents.	   However,	  
installations	   for	   EMBRACE	   could	   be	   easily	   prolonged	   from	   the	   subfloor,	   making	   exterior	  
construction	  	  unnecessary.	  Having	  interior	  vertical	  connections	  changes	  the	  potential	  of	  the	  
rooftop	   society	   space.	   The	  houses	  on	   the	   roof	  will	   be	   integrated	   in	   the	   community	  of	   the	  
existing	  house,	  and	  the	  roof	  will	  not	  be	  accessible	  for	  pedestrians.	  

 
 

 

 
 
 
 
 
 
 
 
 

	  
Flow	  diagram	  for	  EMBRACE	  on	  a	  housing	  block:	  Extended	  stairways,	  shared	  roof	  top	  spaces	  on	  

building	  corners,	  open	  for	  EMBRACE	  and	  host-‐building	  residents	  
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05.1.1.4 SUM-UP URBAN STRATEGIES IN NORDHAVN 
Embrace	  uses	  the	  possibility	  of	  creating	  benefit	  to	  the	  community	  and	  it’s	  inhabitant	  by	  the	  
urban	   design.	   It	   was	   shown	   that	   Nordhavn	   is	   showing	   large	   sustainable	   and	   great	   living	  
potential.	   The	  main	   idea	   is	   to	   create	   a	   high	   quality	   of	   living	   standards	   by	   focusing	   on	   the	  
social	   community,	   economical,	   technical	   and	   environmental	   impact	   of	   living	   on	   the	   city's	  
rooftops.	  	  
In	   general	   EMBRACE	   is	   capitalize	   on	   benefit’s	   of	   densifying	   the	   city.	   EMBRACE	   should	   be	  
seen	  as	  an	  alternative	   residential	   type	   compared	   to	   the	  urban	  context	  of	  dense	   city	  areas	  
like	  in	  Copenhagen,	  Odense,	  Aarhus	  and	  Aalborg.The	  goal	  is	  to	  create	  a	  sustainable	  low	  cost	  
resident	  that	  creates	  a	  diversity	  in	  the	  society,	  embracing	  the	  classes	  how	  can’t	  afford	  to	  live	  
in	   the	   city.	   It	   have	   been	   shown	   in	   the	   report	   that	   a	   dense	   and	   diverse	   city	   has	   a	   great	  
potential	  for	  making	  a	  sustainable	  urban	  planning.	  
The	   society	   that	   EMBRACE	   creates	   should	   be	   seen	   as	   an	   island	   concept	   connected	   to	   the	  
bigger	  grid,	  where	  the	  project	  embraces	  the	  connection	  to	  the	  existing	  building.	  This	  is	  done	  
through	   utilization	   of	   thermal	   energy	   loss	   from	   the	   existing	   building,	   while	   EMBRACE	  
provides	   the	   electrical	   power.	   Furthermore	   is	   EMBRACE	   creating	   sheltered	   gardens	   and	  
common	  areas	  for	  both	  the	  existing	  building	  as	  well	  as	  EMBRACE.	  

	  
 
	  
	  

The	  aim	  of	  the	  marketability	  report	   is	  to	  identify	  the	  market	  needs	  and	  how	  EMBRACE	  has	  
the	  highest	   impact	  on	  the	  market.	  The	  market	   investigation	   is	   therefore	   initiated	   including	  
the	  market	  segment,	  stakeholders	  and	  other	  interested	  parties	  that	  could	  make	  the	  project	  
a	  viable	  success.	  Furthermore	  the	  cost	  of	  the	  EMBRACE	  project	  will	  be	  presented	  in	  order	  to	  
state	   that	   the	  cost	   is	   feasible	   for	   the	   target	  market.	  Later	   in	   the	  UDTA	   in	   the	   ‘affordability	  
report’	   will	   scenarios	   of	   estimated	   construction,	   operation,	   production	   cost	   as	   well	   as	  
recovery	   time	   in	   accordance	   to	   the	   target	   market	   be	   made	   to	   recognise	   the	   economic	  
feasibility	  within	  the	  project.	  
	  
Moreover	  the	  aim	  of	  the	  market	  viability	  and	  affordability	  for	  EMBRACE	  are	  to	  be	  clarified	  as	  
the	   impact	  of	  providing	  a	  solution	  high	  effect,	  meaning	  that	   the	  profit	  and	  positive	   impact	  
on	  the	  environment	  of	  selling	  the	  project	  should	  go	  hand	  in	  hand.	  Because	  of	  that	  issue	  the	  
project	  will	  not	  be	  the	  most	  profitable	  but	  will	  raise	  questions	  about	  the	  impact	  if	  the	  lower	  
and	  middle	   income	   could	   afford	   this	   type	   of	   resident	   as	   well	   as	   create	   awareness	   about	  
sustainable	  living.	  
  

05.1.2 MARKETABILITY OF THE PRODUCT 
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05.1.2.1 METHODOLOGY 
The	   Marketability	   of	   the	   product	   is	   a	   mentioned	   base	   on	   the	   PEST	   model.	   PEST	   is	   an	  
acronym	  for	  Political,	  Economic,	  Social	  and	  Technological	   factors,	  which	  are	  used	  to	  assess	  
the	   market	   for	   a	   business	   or	   organizational	   unit.	   This	   is	   a	   useful	   tool	   for	   understanding	  
market	   growth,	   potential	   and	  direction	  of	   a	  business	   creating	   a	  path	   to	   follow	   to	   find	   the	  
best	  way	  to	  spread	  the	  new	  concept	  all	  over	  the	  possible	  countries.	  The	  method	  is	  used	  as	  a	  
business	  measurement	  tool,	  getting	  feedback	  of	  the	  different	  possible	  market	  solutions.	  
	  

The	  aim	  of	  doing	  PEST	  is	  to:	  
• Assess	  the	  potential	  of	  a	  new	  market	  (positive	  and	  negative	  forces)	  
• Find	  out	  the	  current	  external	  factors	  affecting	  an	  organization;	  
• Identify	  the	  external	  factors	  that	  may	  change	  in	  the	  future;	  
• Exploit	  the	  changes	  (opportunities)	  or	  defend	  against	  them	  (threats)	  better	  than	  

competitors	  would	  do.	  
	  	  
The	  following	  scheme	  represent	  some	  of	  the	  most	  relevant	  subtopics	  that	  that	  the	  PEST	  analysis	  
took	  in	  consideration.	  

 
Political	  

Ecological/	  environmental	  issues	  
Current	  legislation	  home	  market	  
Future	  legislation	  
International	  legislation	  
Regulatory	  bodies	  and	  processes	  
Government	  policies	  
Government	  term	  and	  change	  
Funding,	  grants	  and	  initiatives	  
	  	  

Economic	  
Home	  economy	  situation	  
Home	  economy	  trends	  
General	  taxation	  issues	  
Seasonality	  weather	  issues	  
Market	  and	  trade	  cycles	  
Specific	  industry	  factors	  
Customer/	  end-‐user	  drivers	  
Interest	  and	  exchange	  rates	  
	  	  

Social	  
Lifestyle	  trends	  
Demographics	  
Consumer	  attitudes	  and	  opinions	  
Law	  change	  affecting	  social	  factors	  
Consumer	  buying	  patterns	  
Fashion	  and	  role	  models	  
Buying	  access	  and	  trends	  
Advertising	  and	  publicity	  
	  	  

Technology	  
Competing	  technology	  development	  
Research	  funding	  
Associated/	  dependent	  technologies	  
Replacement	  technology	  
Manufacturing	  maturity	  and	  capacity	  
Consumer	  buying	  
Innovation	  potential	  
Global/local	  communication	  
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05.1.2.2 DOMESTIC MARKET 
This	   section	   gives	   a	   brief	   introduction	   to	   the	   segmentation	   of	   the	   overall	   housing	  market	  
within	   the	   Danish	   market.	   The	   markets	   research	   is	   accompanied	   by	   a	   thorough	   market	  
research	  in	  the	  Danish	  markets	  to	  find	  the	  future	  business	  plan	  for	  sales	  and	  possible	  market	  
penetration	  in	  Denmark.	  
	  	  
To	   examine	   the	   tendency	   within	   the	   domestic	   market,	   benchmarking	   and	   key	   indication	  
concerning	  demographic,	  economic	  and	  housing	  utilization	  for	  Denmarks	  four	  biggest	  cities;	  
Copenhagen,	   Aarhus,	   Aalborg	   and	   Odense	   are	   investigated.	   Looking	   upon	   the	   Latent	  
markets	   of	   the	   four	   cities	   in	   Danish	  market	   seems	   reasonable,	   as	   this	  market	   is	   assumed	  
easily	   to	   adapting	   to,	   because	   of	   the	   expectation	   to	   similarities	   in	   political,	   economical,	  
socio-‐cultural	   and	   geographical	   issues.	   This	   claim	   is	   further	   investigated	   in	   the	   following	  
section.	  	  

  

 
 

Illustration	  of	  Possible	  markets	  

 
In	   addition	   to	   the	   benchmarking	   of	   these	   four	   cities	   the	  Nordhavn	   area	  were	   additionally	  
investigated	  more	  into	  the	  depth.	  This	  is	  done	  as	  the	  development	  of	  this	  concept	  is	  based	  
on	   the	   Nordhavn	   area,	   which	   sets	   desires	   to	   find	   a	   target	  market	   for	   the	   concept	   within	  
Nordhavn	  area.	  	  
	  

Differentiation on the Danish market 
The	   focus	  on	   the	  domestic	  market	   is	   considered	  as	  an	   important	   factor.	  This	   is	  due	   to	   the	  
development	  of	   the	  house	   is	  based	  on	   the	  domestic	  markets	  needs,	   regulations,	  demands	  
and	  is	  assumed	  to	  be	  able	  to	  easily	  be	  adapted	  or	  directly	  implemented	  into	  the	  cities	  in	  the	  
Danish	   market	   as	   the	   need	   is	   considered	   to	   be	   similar.	   To	   support	   this	   claim	   a	   market	  
investigation	  of	  the	  bigger	  cities	  and	  country	  benchmark	  were	  made.	  	  
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The	   key	   indication	  of	   the	   investigation	   shown	   in	   the	   figure	   is	   based	  on	   a	   large	  number	  of	  
parameters	   that	   is	   shown	   in	   the	   following	   scheme.	   To	   determined	   the	   value	   that	   the	  
parameters	   have	   for	   the	  project	   the	  parameters	   is	   translated	   to	   and	   index	   from	  1-‐10	   and	  
then	  added	  an	  weighted	  factor.	  The	  Factor	  is	  determined	  by	  the	  marketability	  group	  through	  
a	  subjective	  assessment.	  	  
 

Housing	  utilization	  
Household	  size	  	  
Household	   size	   in	   accordance	   to	   number	   of	  
rooms	  
Household	  size	  and	  apartment	  size	  
Apartment/single	  family	  house	  ratio	  
	  

Economics	  
Avg.	  income	  
Income	  defined	  by	  age	  
Ranged	  in	  intervals	  of	  5	  years	  ranging	  from	  15-‐	  
above	  75	  years	  
Income	  defined	  by	  education	  level	  
Unemployment	  rate	  
Avg	  apartment	  and	  house	  prices	  
Sqm	  prices	  
Ratio	  of	  income	  and	  sqm	  price	  

Future	  demographics	  
Population	  growth	  into	  2025	  and	  2040	  
Densification	  in	  2025	  and	  2040	  
Expected	  age	  distribution	  in	  2025	  and	  2040	  

Present	  demographics	  
Population	  size	  
Density	  of	  area	  
Age	  distribution	  	  
Educational	  level	  

 
The	   parameters	   is	   converted	   to	   key	   indication	   after	   an	   interval	   and	   added	   an	   importance	  
factor	  that	  states	  how	  important	  the	  factor	  is	  for	  the	  project	  to	  be	  feasible.	  
	  
 

 
Factorized	  key	  indications	  for	  the	  Danish	  market	  (DST,	  2013	  

 
The	  figure	  of	  the	  investigation	  shows	  that	  the	  bigger	  city	  areas	  in	  Denmark	  house	  the	  same	  
tendency	   in	   present	   and	   future	   demographical,	   economical	   and	   housing	   utilisation	   issues	  
which	  leads	  to	  future	  demographical.	  
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Overall	   the	   figures	   shows	   the	   same	   tendency	   for	   all	   four	   cities	   within	   the	   measured	  
parameters.	  The	  investigation	  shows	  Copenhagen	  city	  is	  the	  most	  attractive	  market	  for	  the	  
initial	  phase	  when	  entering	  the	  market.	  This	   is	  due	  to	  that	  the	  Copenhagen	  city	   is	  a	  bigger	  
market	  when	  looking	  upon	  the	  figures	  and	  therefore	  scores	  slightly	  better.	  	  

Market investigation of Nordhavn 
Nordhavn	   is	   the	  area	   that	  were	   focused	  on	  when	   the	  design	  phased	  of	  EMBRACE	   started.	  
This	   is	   due	   to	   that	   the	   area	   is	   a	   pioneer	   project	   where	   it	   is	   possible	   to	   see	   the	   effect	   of	  
attaching	  the	  concept	  on	  a	  building	  and	  get	  an	  idea	  of	  the	  project	  is	  viable	  in	  an	  urban	  space.	  
	  
The	   focus	  on	  the	  Nordhavn	  market	   is	  considered	  as	  a	  crucial	   factor	  as	   the	  concept	   for	   the	  
house	   is	   based	  on	   this	  market	   segment,	  which	   is	   predicted	   to	   be	   the	  base	   for	   starting	   up	  
sales	  and	  evolving	  the	  project.	  It	  is	  therefore	  important	  that	  the	  concept	  of	  the	  house	  adapts	  
to	   this	  market	   segment,	   as	   this	   is	   considered	   to	  be	   the	  entry	  of	   the	  house	   concept	   to	   the	  
building	  industry.	  
	  
Everywhere	   in	  Denmark	  urbanization	   is	  seen,	  and	  the	  capital	  Copenhagen,	  with	  1.2	  million	  
inhabitant,	  is	  a	  very	  attractive	  city	  to	  live	  in.	  It	  is	  estimated	  by	  “By	  og	  Havn”	  that	  	  a	  significant	  
population	   increase	   will	   occur,	   about	   1000	   new	   people	   move	   to	   Copenhagen	   city	   every	  
month.	   With	   this	   growth	   rate	   there	   will	   be	   about	   110,000	   new	   inhabitants	   in	   2025,	  
representing	   an	   increase	   of	   approx.	   10	  %.	   It	   is	   therefore	   estimated	   that	   Copenhagen	   city	  
need	  to	  create	  about	  6.8	  million	  square	  meters	  of	  new	  city	  and	  develop	  about	  20,000	  new	  
jobs	  by	  2025	  for	  the	  new	  inhabitants.2	  
	  	  
To	   support	   this	   estimation,	   numbers	   from	   the	  Copenhagen	  municipality	  will	   be	   discussed.	  	  
The	   estimation	   from	   the	   municipality	   shows	   the	   same	   tendency.	   The	   municipality	   of	  
Copenhagen	  estimates	  an	  increase	  in	  the	  population	  on	  approx.	  120,000	  inhabitant	  by	  2025	  
and	  as	  shown	  the	  tendency	  continues	  into	  the	  future.3	  

  

 
	  Expectation	  of	  future	  inhabitants	  within	  Copenhagen	  (DST,2013)	  

 
 
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
2	  http://www.byoghavn.dk/da-‐DK/Presse/Nyheder/2012	  
3	  www.dst.dk	  (DST,	  Danmarks	  statestik)	  
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The	  estimated	  growth	  in	  inhabitants	  in	  Copenhagen	  city	  can	  be	  analyzed	  in	  many	  ways.	  But	  
the	  main	  question	  is:	  Who	  is	  moving	  into	  the	  city	  and	  will	  this	  tendency	  last?	  To	  get	  an	  idea	  
of	   this,	   the	   data	   is	   sorted	   by	   the	   following	   parameters:	   age	   distribution,	   education	   level,	  
income,	   civil	   status	  and	  housing	  utilization	   to	   find	   the	  most	  potential	   target	   segment.	   It	   is	  
therefore	  important	  to	  identify	  the	  problem	  of	  the	  future,	  potential	  future	  market	  and	  find	  
what	  the	  customer	  aspect	  the	  of	  the	  Nordhavn	  area	  is.	  
	  
Age	  distribution	  	  
The	  age	  distribution	  of	  the	   inhabitants	   in	  Copenhagen	  is	  shown	  in	  the	  graph	  below.	  The	  y-‐
axis	   represent	   thousands	   of	   inhabitants	   in	   Copenhagen	   and	   the	   x-‐axis	   represents	   the	   age	  
distribution.	  	  Its	  shown	  that	  the	  age	  group	  in	  the	  interval	  25-‐29	  has	  the	  highest	  peak,	  besides	  
the	  youngest	  kids.	  This	  peak	  will	  therefore	  be	  investigated	  further	  as	  it	  seem	  like	  people	  are	  
moving	  to	  Copenhagen	  and	  then	  tend	  to	  leave	  the	  city	  after	  the	  age	  of	  29.	  	  

	  
Inhabitants	  by	  age	  (DST,	  2013)	  

  
When	  looking	  upon	  the	  migration	  to	  Copenhagen	  it	  is	  shown	  that	  the	  biggest	  migration	  is	  in	  
the	  age	  interval	  of	  20-‐29.	  The	  same	  tendency	  was	  shown	  in	  the	  last	  decade	  were	  the	  growth	  
of	  the	  age	  interval	  of	  20-‐39	  have	  been	  between	  20.000	  to	  25.00	  each	  year	  which	  is	  the	  large	  
increase	   in	   the	  migration	  as	   shown	  on	   the	   figure.	   Furthermore	   is	   it	   shown	   in	   figure	  above	  
that	   a	   lot	   of	   the	  migration	   of	   the	   age	   group	   from	   20-‐29	   is	   not	   staying	   in	   the	   city	   but	   are	  
moving	  again.	  This	  tendency	  is	  however	  less	  when	  looking	  upon	  the	  estimation	  for	  2040.	  It	  
can	   therefore	  be	  assumed	  that	   the	   tendency	   in	   the	   future,	   is	   that	  more	  of	   the	   inhabitants	  
from	  the	  age	  interval	  of	  20-‐29	  i	  staying	  in	  the	  city.	  

 

	  
	  migration	  of	  inhabitants	  (DST,	  2013)	  
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This	   tendency	   of	   the	   migration	   is	   primarily	   thought	   to	   be	   do	   the	   the	   higher	   educations	  
institutions	  are	  placed	  in	  the	  bigger	  cities	  like	  Copenhagen.	  The	  age	  distribution	  and	  level	  of	  
the	  education	  is	  investigated	  more	  thoroughly	  in	  the	  next	  section.	  	  
 
Educational	  level.	  

 

	  
Numbers	  of	  inhabitants	  in	  higher	  educations	  by	  age	  (DST,	  2013)	  

 
	  
As	   shown	   in	   the	   figure	   below	   the	   students	   that	   takes	   a	   higher	   education	   are	   defined	   as	  
people	  younger	  than	  25	  to	  29.	  This	  supports	  the	  claim	  made	  in	  the	  section	  age	  distribution.	  	  
When	   looking	   upon	   which	   kind	   of	   education	   that	   is	   the	   preferred	   among	   the	   younger	  
inhabitants	  following	  were	  shown.	  
	  

 

	  
The	  general	  population	  education	  level	  at	  right	  and	  the	  ages	  20-‐29	  at	  left	  (DST,	  2013)	  
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The	  graph	  form	  the	  educational	   level	  shows	  that	  the	  younger	  age	  group	  of	  15-‐29	  (at	  right)	  
compared	   to	   the	   general	   population	   (at	   left).	   The	   younger	   age	   group	   have	   a	   higher	  
educational	   level	  compared	  to	  the	  general	  public.	  A	  Higher	  educational	   level	  oftens	  means	  
higher	   income	   and	   living	   standard.	   This	   could	   be	   taking	   into	   the	   consideration	   when	  
constructing	  new	  residential	  buildings	  or	  if	  a	  change	  of	  attitude.	  
	  
Householding	  Income	  
The	  affordability,	  the	  income	  or	  the	  disposable	  income	  of	  the	  inhabitants	  are	  an	  important	  
factor.	   However,	   what	   may	   be	   cheap	   in	   one	   segment	   might	   be	   considered	   expensive	   in	  
others.	  Making	  a	  clearly	  defined	  segmentation	  of	  the	  target	  market	  is	  important,	  in	  order	  to	  
make	  a	  realistic	  assessment	  of	  the	  potential	  market	  size	  and	  market	  feasibility.	  
	  

	  
Yearly	  income	  in	  EUR	  by	  education	  (DST,	  2013)	  

 
 

When	  looking	  upon	  the	  income	  based	  on	  the	  education	  it	  is	  shown	  that	  the	  avg.	  income	  for	  
vocational	  education	  and	  higher	  education	  is	  45.000	  EUR	  while	  a	  bachelor	  degree	  is	  50.000	  
EUR.	   	   in	   the	   education	   part	   it	   was	   shown	   that	   80	   pct	   of	   the	   inhabitants	   were	   taking	  
education	  corresponding	  to	  this	  education	  level,	  while	  approx.	  55	  pct	  are	  taking	  a	  bachelor	  
degree	  or	  even	  higher	  degree.	  
	  
The	   vision	   when	   creating	   residential	   buildings	   in	   the	   Nordhavnen	   is	   to	   have	   a	   social	   mix	  
ranging	   from	   the	   upper	   class	   to	   low-‐income	   inhabitants	   should	   therefore	   support	   this	  
income	  range.	  The	  vision	  of	  social	  differentiation	  results	  in	  a	  demand	  for	  	  cheap	  solutions	  for	  
residential	  buildings.	  
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Disposable	  income	  
Affordability	   is	  very	   individual	  requirements,	  when	  peoples	  needs	  rarely	  can	  be	  set	  up	   in	  a	  
gored	  scheme.	  Thought	  the	  money	  institutes	  are	  putting	  their	  customers	  into	  such	  schemes.	  
However,	   one	  will	   still	   be	   able	   to	   estimate	  what	   affordability	   is	   a	   couple	  without	   children	  
and	  what	  the	  money	  institutes	  requires	  from	  their	  customers	  to	  have	  as	  disposable	  income	  
after	  the	  fixed	  bills	  are	  paid.	  
	  
The	   disposable	   income	   is	   the	   amount	   of	   earnings	   that	   is	   left	   when	   paid	   taxes,	   labor	   and	  
overheads.	   The	   fixed	   costs	   are	   paying	   off	   debts,	   rent,	   electricity,	  water	   and	   heat,	   license,	  
insurance	   and	   car	   requirement,	   quotas	   etc.	   The	   disposal	   income	   is	   therefore	   the	   amount	  
that	  can	  be	  use	  for	  food,	  cleaning,	  clothes,	  travelling,	  	  culture,	  etc..	  
The	  money	  institutes	  	  requirements	  for	  the	  disposal	  income	  is	  increased	  by	  approx.	  25%4	  
	  
When	  trying	  to	  set	  up	  three	  examples	  in	  the	  gore	  schemes	  used	  by	  the	  banks	  following	  were	  
found:	  

 

 
* figures are in EUR 

 
Based	  on	  the	  low	  and	  middle	  income	  several	  budgets	  were	  developed	  through	  the	  Nordea	  
Bank	   residential	   calculator.	   To	   validate	   the	   budget	   and	   possible	   loans	   size	   meeting	   with	  
Arbejdernes	  Landsbank	  were	  established.	  The	  budget	  made	  were	  in	  the	  low	  middle	  income	  
class	  with	  a	  police	  officer,	  teacher	  and	  a	  candidate.	  the	  gored	  scheme	  shown	  gives	  an	  idea	  of	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
4	  (http://www.finanshus.dk/banker-‐strammer-‐kravene-‐til-‐dit-‐radighedsbelob)	  
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the	   possible	   revenue	   by	   selling	   the	   dwelling	   to	   the	   low	   and	  middle	   income	   classes	   if	   it	   is	  
assumed	  that	  the	  willing	  to	  loan	  the	  maximal	  possible.	  
	  
Civil	  status	  
When	  looking	  upon	  the	  civil	  status	  a	  view	  of	  the	  housing	  utilization	  is	  given	  according	  to	  the	  
householding	  size	  and	  position.	  when	  looking	  upon	  the	  data	  It	   is	  found	  that	  the	  majority	  is	  
living	   as	   singles	   and	   a	   larger	   group	   is	   living	   as	   couples	   without	   children	   as	   well.	   This	   is	  
thought	  to	  be	  due	  to	  life	  cycle	  were	  the	  single	  is	  moving	  into	  the	  city	  and	  when	  the	  time	  for	  
children	  comes	  most	   inhabitants	  preferred	   to	   live	   in	   the	  more	  quiet	  urban	  sprawl	  with	  on	  
garden.	   However	   is	   the	   tendency	   seems	   to	   chance	   as	   the	   ratio	   between	   the	   singles	   and	  
couples	  is	  reduced.	  This	  tendency	  could	  be	  due	  to	  that	  more	  couples	  is	  moving	  into	  the	  city,	  
people	   starts	   new	   relationships	   and	   are	   staying	  within	   the	   city.	   It	   is	   commonly	   know	   that	  
when	  a	  finance	  crisis	  occur	  the	  crisis	  have	  impact	  on	  the	  relationship	  which	  also	  could	  be	  a	  
factor	  according	  to	  the	  increase	  in	  couples	  and	  decrease	  in	  singles.	  
 

 

	  
Civil	  status	  in	  house	  holdings	  (DST,	  2013)	  
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Housing	  utilization	  
 

 

	  
Householding	  size	  and	  numbers	  of	  rooms	  (DST,	  2013)	  

	  
	  

	  
Householding	  size	  by	  square	  meters	  	  (DST,	  2013)	  

 
 
When	  comparing	  the	  housing	  utilisation	  with	  the	  civil	  status,	  a	  coherence	  between	  is	  seen,	  
as	   it	   is	   found	  that	   the	  majority	   is	   living	  as	  singles	  and	  a	   larger	  group	   is	   living	  as	  couples	  as	  
well.	  
	  
When	   looking	   upon	   the	   Housing	   utilisation	   two	   important	   factors	   is	   clarified.	   The	   figures	  
shows	  that	  a	  big	  part	  of	  the	  inhabitants	  is	  living	  alone	  in	  apartments	  with	  two	  rooms	  on	  50-‐
74	   sqm.	   This	   size	   of	   resident	   is	   the	  most	   typically	   size	   for	   the	   inhabitants	   in	   Copenhagen.	  
Furthermore	  it	  is	  shown	  that	  majority	  of	  the	  inhabitants	  is	  living	  alone	  and	  this	  market	  is	  big	  
compared	  to	  the	  others.	  When	  looking	  upon	  the	  householding	  sizes	  of	  two	  or	  three	  persons	  
it	  was	  shown	  that	   the	  need	  of	   room	   is	  more	   than	  one.	  An	  apartment	  with	  more	   than	  one	  
room	   makes	   a	   good	   design	   criteria	   for	   the	   building	   as	   the	   apartment	   with	   one	   room	   is	  
assumed	  only	  to	  support	  a	  short	  life	  phase.	  
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Competition 
This	  section	  clarifies	  the	  competitive	  relationship	  within	  the	  Danish	  market	  according	  to	  the	  
stakeholders,	  ratio	  of	  new	  resident,	  market	  tendency	  and	  prices	  on	  the	  market.	  	  	  
	  
Prices	  on	  the	  market	  
To	   price	   the	   dwelling	   in	   the	   correct	   way	   is	   crucial	   for	   the	   viability	   and	   feasibility	   of	   the	  
dwelling	  into	  the	  market.	  The	  price	  is	  depending	  on	  the	  cost	  of	  the	  building	  and	  the	  revenue	  
that	   the	   customers	   want	   to	   pay	   for	   the	   product.	   Furthermore	   the	   product	   has	   to	   be	  
competitive	  due	  to	  the	  price	  level	  on	  the	  market.	  This	  section	  is	  clarifying	  the	  pricing	  on	  due	  
to	  competition	  oriented	  pricing,	  cost	  oriented	  pricing	  and	  the	  value	  created	  pricing,	  meaning	  
the	  amount	  the	  customers	  want	  to	  pay	  for	  the	  values	  in	  described	  in	  the	  previous	  section	  -‐	  
Values	  in	  Within	  the	  project.	  A	  very	  important	  parameter	  of	  making	  EMBRACE	  affordable	  is	  
choosing	  the	  right	  concept	  of	  ownership	  of	  the	  dwelling.	  	  	  	  
 

Housing types on the market in Copenhagen 
In Copenhagen there are in principle four organizational forms of housing: 
 

• Public	  rented	  housing	  
• Private	  rented	  accommodation	  
• Owner-‐occupied	  housing	  
• Cooperative	  housing	  

 
Public	  rented	  housing	  
Approximately	   one	   fourth	   of	   the	   Danes	   are	   living	   in	   public	   rented	   housing.	   Public	   rented	  
housing	   are	  mainly	   constructed	   targeting	   young	   people,	   families	   and	   the	   elderly,	   and	   the	  
houses	   receive	   public	   funding	   and	   favourable	   financing	   to	   offer	   relatively	   low	   rents.	   The	  
dwellings	   are	   organized	   in	   housing	   supported	   by	   special	   housing	   associations.	   The	   local	  
municipality	  has	  referral	  to	  approx.	  ¼	  of	  the	  homes	  in	  each	  building.	  
	  	  
Family	  homes	  are	  often	  between	  85	  and	  115	  m2	  ,	  youth	  housing	  between	  40	  and	  50	  m2	  of	  
gross	  floor	  area	  .	  Family	  homes	  should	  at	  least	  be	  occupied	  by	  2-‐3	  persons	  per.	  apartment.	  
There	  are	  also	  strict	  limits	  to	  the	  design	  of	  public	  rental	  housing	  for	  the	  majority	  of	  citizens	  
may	   find	   themselves	   comfortable	   in	   the	   homes.	   In	   practice	   It	   turns	   out	   that	   alternative	  
accommodation	  facilities	  such	   	  collective	   initiative	  Urbania	   (www.urbaniacph.dk	  ),	   focusing	  
on	   the	  many	  shared	   functions	   ,	  need	  a	  number	  of	  exemptions	   to	  be	  constructed	  as	  Public	  
rented	  housing,	  it	  becomes	  almost	  impossible	  in	  practice	  to	  implement	  such	  a	  project.	  
  
Typical	  rentals	  in	  Copenhagen	  Public	  rented	  housing	  are	  (excl.	  heating	  )	  :	  

• Youth	  Residences	  (	  KAB	  ,	  Sølund	  ,	  Nørrebro	  ,	  43	  m2/one	  room)	  :	  3.900	  Euro	  /	  year	  
• Family	  homes	  (	  KAB	  Education	  +	  ,	  Sundby	  Vang,	  110	  m2)	  :	  7.900	  Euro	  /	  year5	  

  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
5	  	  www.kab-‐bolig.dk/	  
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There	  are	   long	  waiting	   lists	   for	  public	   rental	  housing.	   Its	  not	  unusual	   that	  waiting	   time	   for	  
over	   10	   years	   in	   the	   central	   parts	   of	   Copenhagen.	   Generally,	   it	   can	   be	   argued	   that	   the	  
number	  of	  social	  housing	  does	  not	  fit	  the	  needs	  for	  affordable	  housing	  in	  Copenhagen.	  
 
Private	  rental	  accommodation	  
Private	  rental	  accommodation	  is	  built	  by	  private	  investors	  (eg.	  Contracting	  firms	  or	  pension	  
funds)	  for	  market	  conditions	  and	  is	  offering	  a	  rent	  level,	  the	  market	  now	  can	  carry.	  
	  	  
Private	   rental	  housing	   is	  built	   in	   attractive	   locations	  and	  decor,	   that	   the	  developers	   	   think	  
will	  fit	  the	  market	  as	  widely	  as	  possible.	  Therefore,	  it	  appears	  that	  virtually	  no	  innovation	  is	  
found	   in	   this	   segment,	   as	   you	   generally	  want	   a	   "safe"	   investment	   -‐	   ie.	   housing	  with	   own	  
kitchen,	  bath,	  living	  room	  and	  1-‐2	  rooms	  with	  a	  minimum	  of	  common	  areas,	  as	  these	  are	  not	  
considered	  attractive	  to	  rent.	  
	  	  
Therefore	   only	   3	   and	   4	   -‐	   bedroom	   apartments	   are	   built,	   based	   on	   the	   composition	   of	  
residents	  will	  include	  inhabitants	  with	  two	  full	  time	  income.	  
	  	  
Typical	  rentals	  in	  Copenhagen	  for	  private	  rental	  housing	  is	  (excl.	  heating):	  
The	  wharf,	  Copenhagen	  SV:	  

• 3-‐room	  apartments:	  from	  12.500,	  -‐	  /	  DKK	  /	  month	  
• 4-‐room	  apartments:	  From	  13,800,	  -‐/DKK/	  month6	  	  

 
Owner-‐occupied	  housing	  
Owner-‐occupied	   housing	   built	   in	   the	   Copenhagen	   area	   in	  much	   the	   same	   form	   as	   private	  
rented	  accommodation,	  ie.	  Primarily	  for	  two	  incomes	  and	  therefore	  as	  3-‐4	  bedroom	  family	  
homes.	  
	  	  
Typical	  prices	  for	  newly	  built	  residential	  properties	  in	  Copenhagen	  are:	  
Havnevigen,	  Copenhagen	  S	  

• 3-‐room	  apartments,	  from	  3095.000,	  -‐	  DKK	  
  
A rule of thumb from Nordea (Denmark's second biggest bank) is that income of the 
house owners per. year should be about. 25% of the property price, so the above 
example, generally require monthly gross income of approx. 65,000, -, one example. 
achieved by a pair of academics  with over 10 years of work experience. 
 
Cooperative	  housing	  	  
A	  cooperative	  house	   is	  owned	  by	  a	  cooperative	  housing	  society	  whose	  members	  have	   the	  
right	   to	  use	   the	  properties	  owned	  by	   the	  association.	  Members	  hold	  a	   share	   in	   the	   fund's	  
assets	  ,	  and	  the	  association's	  purpose	  is	  to	  own	  and	  operate	  the	  property.	  
The	   equity	   of	   cooperative	   housing	   	   is	   not	   the	   same,	   as	   in	   an	   owner-‐occupied	   home	   ,	   but	  
determined	  in	  a	  general	  meeting.	  Generally,	  it	  is	  cheaper	  to	  live	  in	  a	  cooperative	  house	  than	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
6	  www.poulerikbech.dk	  
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an	  owner-‐occupied	   ,	  and	  generally	   ,	   the	  market	   for	  housing	  cooperatives	   less	  marked	  by	  "	  
price	   bubbles	   "	   because	   of	   its	   organizational	   format.	   For	   these	   reasons,	   well	   driven	  
cooperative	  are	  very	  attractive	  -‐	  and	  generally	  it	  is	  attractive	  to	  invest	  in	  a	  healthy	  and	  	  well-‐
located	  cooperative	  housing	  a	  safe	  investment	  .	  
	  	  
There	   is	   a	   tradition	   that	   housing	   cooperatives	   especially	   attracts	   residents	   with	   a	   certain	  
social	  commitment	  and	  profits.	  
Most	   often,	   have	   this	   type	   of	   housing	   administrates	   common	   features	   in	   terms	   such	   	   as	  
communal	   laundries	  but	  also,	   for	  example	   roof	   terraces,	   communal	   kitchens	  and	  common	  
rooms	  for	  parties	  and	  social	  gatherings.	  Denmark	  has	  rich	  traditions	  of	  	  Cooperative	  housing	  	  
and	   actually	   comes	   back	   from	   the	   early	   industrialism	   ,	   where	   workers	   Jointly	   established	  
housing	  on	  a	  cooperative	  basis	  .	  
	  	  
Cooperative	   housing	   societies	   can	   be	   formed	   freely	   and	   cooperative	   housing	   associations	  
housing	  can	  be	  constructed	  according	  to	  members'	  needs	  and	  wishes.	  
 

EMBRACE's organizational structure 
As	  EMBRACE's	  audience	  see	  Section	  5.1.2	  are	  single	  and	  /	  or	  single	  parents	  with	  one	  child,	  
couples	   with	   lower	   and	   up	   to	  middle-‐income,	   for	   example	   newly	   graduate	   academics,	   its	  
found	   that	   the	   cooperative	   type	   is	   the	  most	   appropriate	   form	   of	   organization.	   EMBRACE	  
can,	  as	  cooperative,	  characterized	  as:	  
  

• To	  offer	  a	  collective	  and	  non-‐profit	  financial	  system	  with	  great	  certainty	  for	  the	  
individual	  

• To	  be	  edited	  in	  the	  current	  small	  group	  of	  residents	  want	  and	  need	  for	  
• That	  could	  be	  designed	  to	  also	  lower	  household	  income	  can	  pay	  the	  rent	  
• To	  accommodate	  corporate	  functions,	  which	  need	  not	  be	  dedicated	  to	  the	  

individual's	  home	  
• Attracting	  motivated	  residents	  -‐	  with	  desire	  for	  fellowship	  and	  sharing	  
• To	  offer	  the	  residents	  to	  include	  both	  working	  as	  leisure	  in	  the	  home	  
• To	  contribute	  to	  the	  development	  of	  collective	  living	  tradition	  in	  Denmark	  

 

05.1.2.3 FOREIGN MARKET  
The	  foreign	  market	  will	  be	   investigated	  to	  narrow	  the	  scope	  to	  the	  best	  geographical	  fit	  of	  
residential	  building	  and	  explore	  the	  marketability	  of	  the	  building	  within	  foreign	  markets.	  This	  
will	  be	  done	  by	  a	  general	  initial	  market	  research	  including	  clearly	  specified	  variables	  showing	  
the	  most	  interesting	  market	  for	  residential	  building	  by	  looking	  upon	  key	  indications.	  
The	   initial	  markets	   research	   is	   accompanied	   by	   a	   thorough	  market	   research	   in	   the	   target	  
markets	  to	  find	  the	  best	  market	  entries	  for	  a	  future	  business	  plan.	  This	  includes	  geographic,	  
demographic	   and	   socio-‐cultural	   aspects	   together	   with	   an	   economic	   assessment	   of	   the	  
buying	  power	  of	  the	  potential	  new	  customers.	  	  
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The	  domestic	  market	   is	  considered	  to	  be	  the	  main	  market	  due	  to	  the	  project	   is	  developed	  
with	   focus	   on	   this	   market	   segment.	   However	   the	   expansion	   to	   foreign	   market	   could	   be	  
beneficial	   for	   the	  viability	  of	   the	  concept	  on	   longer	   term	  as	   this	  will	   inflict	  production	  and	  
sale.	   Hence	   an	   investigation	   of	   the	   foreign	   market	   is	   done	   to	   determined	   the	   possible	  
market	  and	  overall	  viability	  for	  EMBRACE.	  
 
Key	  indicators	  for	  markets	  that	  were	  found	  interesting,	  were	  weighted	  after	  importance	  as	  
the	  domestic	  market	  indicators.	  Example	  of	  the	  indicators	  are	  given	  below.	  	  
 

Political	  
	  
Country	  stability/Crime-‐	  and	  corruption	  level	  
Customs	  authorities	  -‐	  facilitate	  transit	  of	  goods	  
Total	  CO2	  emissions	  kilotons	  
Business	  environment	  
Legislations	  

Economics	  
	  
GDP	  and	  GDP	  growth	  rate	  
Avg.	  Income	  
Sqm	  prices	  
Unemployment	  
Mortgages	  interest	  rates	  
Purchasing	  power	  
Skilled	  labour	  
Energy	  prices	  

Social	  
	  
Population	  size	  and	  growth	  
Apartment/house	  ratio	  
Density	  in	  population	  
Numbers	  of	  metropolises	  	  

Technological	  
	  
Logistic	  performance	  index:	  quality	  of	  trade	  and	  
transport	  	  
Construction	  confidence	  indicator	  
Efficient	  distribution	  of	  infrastructure	  

 
The	   parameters	   is	   converted	   to	   key	   indication	   after	   an	   interval	   and	   added	   an	   importance	  
factor	  that	  states	  how	  important	  the	  factor	  is	  for	  the	  project	  to	  be	  feasible.	  
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The	  spiderwebs	  shows	  how	  the	  PEST	  is	  in	  the	  different	  countries.	  The	  countries	  that	  have	  a	  
similar	   shape	   to	   that	  of	  Denmark	  or	   France	  could	  be	   interesting	  as	   the	  product	   fulfills	   the	  
building	  regulation	  and	  demands	  in	  those	  two	  countries.	  

 
 
When	   looking	   upon	   the	   Foreign	   market	   it	   is	   important	   that	   the	   they	   have	   the	   same	  
tendency.	  The	  market	  indicator	  that	  was	  examined	  so	  far	  shows	  that	  Denmark	  is	  comparable	  
with	   switzerland,	   germany,	   austria	   and	   sweden,	  while	   France	   is	   comparable	  with	  belgium,	  
Uk	  and	  the	  netherlands.	  As	  the	  house	  is	  primarily	  design	  for	  the	  Danish	  market	  the	  market	  
that	   is	   comparable	   to	  Denmark	  might	  be	   interesting	   to	  entry	  with	   the	  project	  while	  other	  
markets	   comparable	   to	   France	  might	   not	   be	   a	   target	  marked	   but	   could	   be	   seen	   upon	   as	  
latent	  markets	  due	  to	  that	  the	  house	  is	  fulfilling	  the	  france	  regulation	  and	  living	  standards	  as	  
well.	  
	   	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Urban	  Design,	  Transportation	  and	  Affordability	   49	  

	  

05.1.2.4 APPEALING CHARACTERISTICS 
This	  section	  clarify	  some	  of	  the	  values	  that	  customers	  and	  stakeholders	  utilize,	  meaning	  that	  
the	  values	  are	  identifying	  the	  opportunities	  for	  the	  interested	  parties.	  
The	  following	  two	  sections	  will	  be	  thus	  divide	  into	  the	  costumers	  and	  the	  stakeholders.	  

Costumers 
This	  section	  gives	  a	  brief	   introduction	  to	  some	  of	   the	  advantages	   for	   the	  customers	  within	  
the	  project	  mentioned	   in	   the	  other	  section	  of	   the	  earlier	  deliverables.	  The	  advantages	  will	  
affect	  the	  market	  segmentation	  of	  both	  the	  domestic	  and	  foreign	  market	  carried	  out	  later	  in	  
the	  report.	  
 
Political	  
The	  gross	  area	  is	  the	  area	  defining	  the	  residential	  size	  according	  to	  Danish	  tax	  regulation	  for	  
the	  premises,	  why	  it’s	  important	  when	  looking	  upon	  the	  expenses	  of	  the	  ratio	  between	  the	  
gross	  area	  and	  net	  area	   is	  as	  small	  as	  possible.	  Thereby	  the	  the	  property	  owner	  gets	  more	  
sqm	  for	  the	  payment	  of	  taxes	  and	  more	  quality	  are	  added	  to	  the	  project.	  
Additionally	  the	  government	  provides	  a	  fee	  when	   installing	  solar	  panels	  on	  the	  rooftops	   in	  
private	  dwellings,	  this	  fee	  is	  due	  to	  the	  adding	  of	  renewable	  energy	  sources	  into	  the	  building	  
consumption.	  The	  fee	  could	  therefore	  be	  explored	  more	  thoroughly	  to	  see	   if	  the	  fee	  could	  
lower	  the	  initial	  cost	  of	  the	  building,	  as	  the	  dwelling	  is	  working	  like	  a	  big	  solar	  panel	  attached	  
to	  the	  roftop	  on	  the	  existing	  building.	  
	  
Economical	  
The	   low	   operation	   cost	   is	   important	   when	   looking	   upon	   the	   LCC	   (Life	   Cycle	   Cost)	   of	   the	  
building,	   as	   the	   operation	   and	  maintenance	   cost	   of	   the	   building	   often	   is	   higher	   than	   the	  
initial	  cost	  when	  looking	  upon	  the	  building	  lifetime.	  The	  operation	  and	  maintenance	  cost	  is	  
also	  define	  through	  the	  daily	  cost	  of	  running	  the	  building,	  and	  is	  therefore	  just	  as	  important	  
as	  the	  financial	  loan	  to	  pay	  the	  initial	  cost	  of	  constructing	  the	  dwelling	  for	  the	  home	  owners.	  
A	   New	   efficient	   building	   is	   therefore	   assumed	  more	   likely	   to	   be	   affordable	   when	   looking	  
upon	   a	   time	   period	   compared	   to	   alternatives	   on	   the	   market,	   when	   operation	   and	  
maintenance	  are	  taken	  into	  consideration.	  
	  
Beside	   the	   lower	   initial,	   operation	   and	  maintenance	   expenses	   the	   new	   building	   have	   the	  
possibility	   to	   optimized	   the	   interior	   and	   exterior	   spaces.	   The	   optimization	   of	   the	   spaces	  
means	  that	  less	  sqm	  has	  to	  be	  constructed	  meaning	  a	  low	  cost	  and	  efficient	  dwelling	  due	  to	  
better	  utilization	  of	  the	  spaces.	  
An	   example	   of	   the	   exterior	   optimization	   is	   the	   outdoor	   living	   space	   under	   the	   weather	  
shield,	  that	  is	  assumed	  to	  add	  the	  resident	  extra	  low	  cost	  sqm.	  This	  space	  extent	  the	  season	  
use	  of	   the	  outdoor	   space	   in	   the	   transition	  periods	  of	   spring	  and	   fall	  where	   the	  weather	   is	  
unstable	  in	  the	  Nordic	  countries.	  
 
In	  Tabel,	  Technical	  note	  on	  Sheltered	  Garden	  Microclimate,	  	  
"Temperature	  bands	  and	  hours	  above	  operative	  temperature,	   including	  fraction	  of	  time	  for	  
CPH",	  it	  can	  be	  seen	  that	  the	  sheltered	  garden	  extends	  the	  outdoor	  season	  approx.	  10-‐15	  %	  
depending	  on	  the	  coating	  of	  the	  weather	  shield.	  
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At	  last	  the	  quite	  large	  area	  on	  the	  weather	  shield,	  available	  for	  installing	  PV	  panels,	  gives	  the	  
opportunity	  to	  produce	  much	  more	  electricity	  than	  what	  is	  needed	  for	  house	  consumption.	  
This	  excess	  amount	  of	  electricity	  can	  be	  either	  sold	  to	  the	  grid	  or	  used	  locally	  by	  neighboring	  
houses.	   A	   estimate	   of	   the	   energy	   balance,	   according	   to	   Technical	   Project	   Summary,	   is	   a	  
overproduction	   of	   2742	   kWh.	   An	   estimate	   of	   the	   energy	   balance,	   according	   to	   Technical	  
Project	  Summary,	   is	  EMBRACE	  has	  an	  overproduction	  of	  2742	  kWh.	  The	  intention	  with	  the	  
overproduction	   is	   the	   to	   provide	   electricity	   to	   the	   external	   functions	   of	   the	   existing	  
residential	   block	   like	   elevators,	   light	   in	   the	  public	   area	  of	   the	   residential	   block,	   communal	  
areas	  etc..	  This	  will	  reduce	  the	  rent,	  which	  will	  bring	  value	  to	  both	  owners	  of	  EMBRACE	  and	  
the	  rest	  of	  the	  residents	  of	  the	  residential	  block.	  	  
	  	  
Social	  
When	  looking	  upon	  the	  social	  trends	  in	  the	  danish	  market	  it	  is	  seen	  that	  more	  people	  lives	  as	  
singles	  in	  longer	  and	  shorter	  periods	  of	  their	  life.	  When	  breaking	  up	  a	  relationship	  the	  cost	  
can	  be	  significant	  as	  well	  as	  the	  problems	  by	  finding	  a	  new	  apartment.	  The	  concept	  of	  the	  
dwelling	  invites	  people	  to	  live	  in	  this	  concept	  when	  they	  are	  a	  fragile	  place	  in	  their	  life	  e.g.	  
when	  breaking	  up,	  having	  financial	  unstable	  when	  studying	  or	  startup	  a	  new	  carrier.	  	  
The	   resident	   emphasis	   on	   stability	   purely	   economical	   wise	   as	   less	   expenses	   are	   fixed.	  
Furthermore	   is	   the	  concept	  encouraging	   for	  a	  good	  social	  environment	   through	   the	  urban	  
design,	   that	   have	   a	   lot	   of	   initiatives	   for	   the	   neighbour	   to	   meet	   around,	   share	   etc.	   It	   is	  
therefore	  possible	  to	  create	  a	  extra	  social	  safety	  network	  in	  the	  neighborhood	  where	  people	  
is	  relating	  and	  helping	  each	  others.	  
	  
Imagine	  you	  do	  not	  just	  have	  your	  own	  balcony,	  but	  to	  also	  have	  an	  outdoor	  space	  of	  which	  
you	  can	  control.	  Share	  it	  with	  your	  neighbours	  when	  you	  are	  having	  a	  party	  or	  just	  to	  say	  hi.	  
Close	  the	  outdoor	  space	  off	  when	  you	  are	  having	  an	  intimate	  moment.	  By	  allowing	  for	  this	  
degree	   of	   flexibility	   the	   customers	   get	   affected	   and	   have	   a	   bigger	   potential	   to	   see	  
themselves	  within	  this	  urban	  space,	  as	  they	  can	  customized	  it.	  
	  
Technological	  
The	  technological	  advantages	  in	  the	  building	  make	  demands	  to	  automatize	  and	  user-‐friendly	  
surface	  if	  the	  impact	  wants	  to	  be	  fully	  utilized.	  By	  making	  intuitive	  user	  interfaces	  the	  impact	  
will	  increase	  the	  level	  that	  the	  occupant	  uses	  the	  technological	  surfaces.	  
	  	  
The	  project	  aims	  at	  getting	  a	  good	  indoor	  environment	  both	  when	  looking	  upon	  the	  thermal	  
comfort,	  visual	  comfort,	  air	  quality	  but	  also	  the	  feeling	  that	  the	  resident	  creates	  through	  the	  
aesthetics	   of	   EMBRACE	   and	  materials	   selection.	   The	   standard	   for	   the	   indoor	   environment	  
that	  the	  resident	   is	  creating	   is	   in	  accordance	  to	  the	  high	  standard	  of	   Indoor	  comfort	   in	  the	  
EU	   codes.	  Besides	   the	   technical	   part	   of	   the	   indoor	   environment	   the	   aesthetics	   plays	   a	  big	  
part.	   This	   is	   due	   to	   the	   feeling	   of	   the	   rooms	   that	   can	   get	   affected	   a	   lot	   within	   the	  
architecture.	   The	   two	   levels	   will	   create	   difference	   is	   the	   perception	   of	   the	   rooms	   that	   is	  
assumed	   to	   have	   a	   positive	   effect.	   The	   optimization	   of	   the	   space	   is	   something	   that	   the	  
interior	  design	  is	  affected	  of.	  It	  is	  important	  as	  this	  makes	  the	  resident	  seem	  bigger	  and	  have	  
impact	  on	  the	  daily	  use	  in	  the	  building.	  	  	  
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Stakeholders 
This	  section	  gives	  a	  brief	  introduction	  to	  some	  of	  the	  advantages	  for	  the	  stakeholders	  within	  
the	  project	  mentioned	   in	   the	  other	  section	  of	   the	  earlier	  deliverables.	  The	  advantages	  will	  
affect	   the	   choice	   of	   production	   and	   stakeholders	   that	   could	   be	   interested	   in	   the	   project.	  
Furthermore	  question	  of	  where	  the	  production	  or	  manufacturing	  could	  take	  places	  is	  raised,	  
as	  the	  prefab	  degree	  is	  high.	  	  
	  
Political	  
The	   focus	  on	   the	   low	  cost	   is	   found	  crucial	   if	   the	  project	   should	  have	  a	  high	   impact	  on	   the	  
global	  environment	  by	  lowering	  the	  energy	  consumption	  in	  the	  single	  dwellings.	  This	  is	  due	  
to	   the	   fact	   that	   it	  might	  be	  better	   to	  put	  more	  units	  on	   the	  market	   that	  have	   less	   impact	  
each	  than	  putting	  few	  unit	  on	  the	  market	  that	  have	  a	  higher	  impact	  each	  when	  looking	  upon	  
the	  total	  effect	  on	  the	  global	  environment.	  
	  
However	   is	   it	   important	   that	   the	   design	   is	   focus	   the	   passive	   solution	   when	   talking	   about	  
energy	  reduction	   in	   the	  residents.	  This	   is	   to	  ensure	  that	   the	  PV	  panels	  do	  not	  compensate	  
for	  a	  high-‐energy	  use,	  but	  instead	  will	  function	  as	  a	  secondary	  contribution.	  This	  will	   lower	  
the	  energy	   consumption	  of	   the	  dwelling	  and	   save	  CO2	   instead	   for	  producing	  extra	  energy	  
from	  coal	  plants,	  which	  are	  contributing	  to	  the	  global	  warming.	  	  
	  
With	  these	  design	  criteria	  in	  mind,	  the	  political	  aspect	  is	  big	  as	  the	  dwelling	  will	  encourage	  
lower	   CO2	   emission	   that	   helps	   the	   government	   reach	   the	   political	   demand	   to	   use	   of	  
renewable	  energy	  and	  the	  decrease	  of	  CO2	  emission	  that	  were	  set	  at	  the	  COP	  (Conference	  
of	  Parties,	  is	  a	  organization	  that	  assess	  progress	  in	  climate	  change	  )	  meetings,	  while	  giving	  a	  
social	  mix	  of	  the	  inhabitants	  is	  secure	  through	  affordable	  housing.	  
	  
Economical	  
The	  basic	   idea	   is	  to	  keep	  construction	  costs	  at	  a	   low	  level	   in	  order	  to	  have	  a	  good	  product	  
that	  can	  compete	  on	  the	  market.	  	  	  
The	   project	   allows	   for	   the	   densification	   of	   cities	   through	   developed	   energy	   renovation	  
strategies.	  The	  project	  can	  be	  build	  on	  top	  of	  different	  existing	  buildings	  or	  built	  on	  top	  of	  
abandoned	  lots.	  As	  such,	  more	  people	  are	  enabled	  to	  benefit	  from	  the	  qualities	  of	  urban	  life.	  
Since	   the	  design	  can	  be	   implemented	   in	  different	  ways	   the	   target	  market	   is	  enlarged,	   this	  
improves	  the	  viability	  of	  the	  product,	  allowing	  for	  the	  diffusion	  (or	  spreading)	  of	  the	  concept	  
and	  innovation	  ideas.	  
	  	  
As	   the	  project	  aims	  through	  the	   low	  and	  middle	  classes,	  some	  of	   the	  earnings	   is	   risking	  to	  
get	   lowered.	   When	   aiming	   for	   the	   low	   and	   middle	   income	   classes	   the	   target	   market	   is	  
increased	  as	  this	  market	  is	  bigger,	  meaning	  lower	  earnings	  on	  every	  single	  dwelling	  sold	  but	  
more	  units	  is	  put	  on	  the	  market.	  .	  
Due	   to	   that	   the	  market	   size	   is	   small	  and	   the	  high	  degree	  of	  prefabrication	   it	   is	  possible	   to	  
investigate,	  the	  possibilities	  for	  expansion	  of	  the	  target	  market	  to	  areas	  close	  to	  production	  
line	  or	  domestic	  market.	  It	  is	  however	  important,	  that	  these	  market	  have	  similarities	  in	  the	  
PEST	  model	  (political,	  economical,	  social	  and	  technological)	  as	  this,	  makes	   it	  possible	  to	  go	  
into	  the	  market	  without	  changing	  the	  concept	  considerably.	  
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The	   small	   variation	   could	   make	   it	   adaptable	   in	   all	   of	   Europe,	   which	   expands	   the	   target	  
market	  as	  the	  residential	  building	  could	  be	  adapted	  to	  a	  wider	  range	  of	  location.	  This	  would	  
expand	  the	  potential	   sales	  number,	   increase	   the	  advantage	  of	  mass	  production	  and	   in	   the	  
end	   lower	  the	  prices.Furthermore	   is	   it	   important	  that	  the	  design	  has	  standard	  dimensions,	  
and	  to	  a	  certain	  degree	  is	  built	  from	  mainstream	  materials,	  as	  this	  will	  reduce	  the	  cost.	  
	  
Social	  
Looking	   upon	   social	   issues	   advantages	   like	   less	   pollution	   due	   to	  manufacturing	   in	   control	  
environments	   and	   with	   focus	   on	   sustainable	   materials	   is	   assumed	   to	   benefit	   the	   public	  
health.	   The	   control	  work	   environment	   emphases	   the	   safety	   in	   the	  manufacturing	   process	  
keeping	   a	   larger	   workforces	   into	   the	   market	   as	   less	   wear	   is	   made	   on	   the	   engineers	  
constructing	   the	  building.	  All	   these	  health	   issues	  helps	   the	   improving	   the	   social	   trends	   for	  
the	  industry	  and	  people	  that	  chose	  the	  live	  in	  the	  building.	  This	  makes	  good	  argumentation	  
for	  stakeholders	  to	  why	  this	  project	  is	  viable.	  
	  
Technological	  
A	   high	   Prefabrication	   degree	   makes	   is	   possible	   for	   constructors	   in	   foreign	   markets	   to	  
manufacture	  the	  modules.	  This	  set	  demands	  to	  the	  segmentation	  of	  possible	  stakeholders	  at	  
the	   labour	   cost	   and	   knowhow	   to	   build	   this	   kind	   of	   resident	   is	   different	   from	   country	   to	  
country.	  It	  is	  therefore	  important	  that	  the	  parts	  of	  the	  house	  can	  be	  fitted	  for	  transportation	  
at	   a	   regular	   truck	   size,	   as	   this	   will	   expand	   the	   numbers	   of	   possible	   manufactures.	   The	  
dwelling	  is	  thought	  to	  be	  designed	  as	  shown	  on	  the	  figure	  to	  fit	  on	  the	  truck.	  
	  
One	   of	   the	   big	   benefit	   by	   this	   production	   type	   is	   that	   it	   creates	   optimal	   and	   permanent	  
employment	   in	   the	   production	   of	   the	   prefabricated	   modules.	   When	   looking	   upon	   the	  
manufacturing	  the	  concept	  is	  clear	  and	  the	  productions	  line	  is	  simple.	  The	  clear	  production	  
and	  manufacturing	  concept	  makes	  it	  easy	  to	  assemble	  the	  box	  modules	  as	  you	  have	  optimal	  
building	   conditions	   when	   producing	   the	   unit	   for	   the	   residential	   building.	   The	   control	  
environment	   in	   the	   production	   facilities	   is	   creating	   less	   waste,	   which	   makes	   the	   process	  
more	  sustainable	  while	  making	  savings	  as	  less	  material	  is	  used.	  	  

	  
Illustration	  of	  building	  process	  (AI,	  2012)	  

 
Furthermore	   the	   disassembly	   and	   sorting	   of	   the	  material	   is	   just	   as	   easily	   done	   as	   the	   box	  
modules	   can	   be	   transported	   back	   to	   the	   production	   facilities	   that	   has	   the	   knowhow	   to	  
disassemble	   and	   reuse	   as	   much	   material	   as	   possible.	   This	   gives	   the	   Producers	   of	   each	  
component	  the	  possibility	  to	  see	  what	  the	  effect	  on	  a	  life	  cycle	  on	  their	  product	  is	  and	  the	  
possible	  knowhow	  to	  optimized	  their	  product	  if	  needed.	  	  
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To	  clarify	   the	  potential	   in	  Copenhagen	  and	  Nordhavn,	  different	   types	  of	  quarters	  could	  be	  
examined	  as	  they	  have	  the	  potential	  for	  densifying	  the	  city.	  
In	  the	  regional	  plan	  from	  2005	   it	   is	  stated	  that;	  “inner	  city	   is	  described	  as	  the	  areas	  within	  
E55	  and	  E47”,	  called	  freeway	  03	  in	  daily	  speak.	  As	  shown	  on	  the	  figure	  is	  the	  new	  light	  rail	  
crossing	  the	  freeway	  03	  two	  places,	  meaning	  that	  some	  of	  the	  quarters	   is	  within	  the	   inner	  
city	  limit.7	  	  It	  is	  expected	  that	  the	  areas	  between	  the	  inner	  city	  limit	  and	  the	  new	  light	  rail	  at	  
beltway	   03	   will	   be	   developed	   throughout	   the	   next	   three	   decades	   due	   to	   the	   new	  
transportation	   system.	   The	   area	   along	   the	   light	   rail	   is	   of	   mixed	   character	   of	   commercial,	  
industry,	  attached	  and	  detached	  family	  house	  as	  well	  as	  different	  kinds	  of	  residential	  block	  
formation.	  A	  densification	  of	  the	  some	  of	  those	  quarters	  could	  be	  beneficial	  to	  investigate	  as	  
shown	  on	  the	  figure.	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
7	  http://www2.sns.dk/udgivelser/2007/978-‐87-‐7279-‐780-‐9/html/kap02.htm	  

05.1.3 INDIVIDUAL OR COLLECTIVE HOUSING BUILDING 
CONCEPT 
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Additionally	   to	   the	  areas	  along	   the	  new	  rail	   line	   is	   there	  areas	  within	   the	  city	   center	  were	  
EMBRACE	  can	  implemented,	  one	  of	  such	  is	  Kødbyen.	  Kødbyen	  is	  an	  old	  industry	  area,	  were	  
shops,	  bars	  and	  commercial	  buildings	  have	  evolve	  the	  area,	  while	  keeping	  its	  old	  identity.	  A	  
concept	   like	   in	   EMBRACE	   could	   in	   this	   quarter	   add	   more	   life	   during	   the	   dead	   hours.	  
Furthermore	  is	  this	  quarter	  very	  similar	  to	  Nordhavn	  except	  that	  the	  area	  wasn’t	  developed	  
with	  the	  same	  sustainable	  concepts.	  
As	   described	   is	   the	   potential	   of	   implementing	   EMBRACE	   in	   Copenhagen	   great,	   however	  
would	  the	  actual	  number	  only	  be	  a	  qualified	  estimate.	  
EMBRACE	  is	  as	  shown	  on	  the	  figure	  above	  all	  ways	  placed	  in	  connection	  with	  an	  developed	  
area	  or	  existing	  transport	  system,	  as	  the	  concept	  is	  embracing	  the	  use	  of	  public	  transport	  as	  
well	   as	   biking	   and	   walking.	   Furthermore	   is	   EMBRACE	   not	   depending	   on	   the	   thermal	   and	  
electrical	   smart	   grids	   in	   the	   area,	   since	   EMBRACE	   uses	   a	   thermal	   system	   that	   utilize	   the	  
exhaust	  from	  the	  existing	  building,	  and	  the	  electrical	  production	  often	  are	  limited	  to	  a	  small	  
smart	  grid	  between	  EMBRACE	  and	  the	  host	  building.	  This	  makes	  it	  possible	  for	  EMBRACE	  	  to	  
adapt	  to	  quarters	  were	  the	  grids	  is	  less	  sustainable.	  
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The	  concept	  of	  EMBRACE	  is	  therefore	  to	  reuse	  old	  structures	  for	  housing,	  to	  reduce	  the	  city	  
spread	   to	   the	   urban	   sprawl	   and	   densify	   the	   city,	   while	   embracing	   the	   existing	   structures	  
energy	  waste	  such	  as	  exhausted	  hot	  air.	  
The	   area	  were	   EMBRACE	   is	   can	   be	   put	   into	   contents	   does	   therefore	   not	  make	   sense	   in	   a	  
urban	  sprawl	  were	  long	  commute	  between	  job	  and	  home	  is	  needed.	  
In	  the	  upcoming	  delivery	  the	  density	  of	  building	  type	  and	  inhabitants	  will	  be	  investigated	  in	  
the	  Copenhagen	  area	  to	  specify	  the	  potential	  in	  the	  area	  more	  clearly.	  
	  
When	   looking	  upon	  EMBRACE	   in	   a	   rural	   setting,	   it	   is	   important	   to	   find	   the	  most	  potential	  
markets.	   As	   shown	   in	   the	  Market	   viability	   report,	   49%	   of	   the	   population	   lives	   in	   the	   four	  
biggest	   cities,	  Aalborg,	  Aarhus,	  Odense	  and	  Copenhagen.	  These	  cities	   is	   thought	   to	  be	   the	  
most	   potential	  markets	   for	   EMBRACE	   due	   to	   their	   size	   and	   dense	   characteristics	   of	   inner	  
cities.	  	  
 

 
 
 
 
 
Furthermore	  can	  all	   the	  cities	  be	  described	  as	  study	  cities,	  and	  as	  described	   in	   the	  market	  
viability	  report	  is	  people	  moving	  into	  the	  city	  to	  study	  and	  moving	  out	  of	  the	  city	  due	  to	  high	  
residential.	   prices.	   EMBRACE	   should	   utilize	   this	   to	   prevent	   further	  migration	   from	   the	   city	  
center	   to	   the	   urban	   sprawl	   by	   creating	   solutions	   the	   inhabitants	   that	  migrates	   out	   of	   the	  
city.	  

 
 
 
 

In	   terms	   of	   mobility	   EMBRACE	   benefits	   in	   multiple	   ways	   from	   the	   planning	   within	   in	   the	  
Nordhavnen	  city	  district.	  Especially	  the	  5-‐minute	  plan	  which	   includes	  prioritization	  of	  bikes	  
and	   public	   transportation	   systems	  will	   improve	   the	   ease	   of	   transportation	   for	   the	   people	  
living	  in	  EMBRACE.	  
	  

05.1.4 MOBILITY STRATEGIES 



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Urban	  Design,	  Transportation	  and	  Affordability	   56	  

	  

The	   idea	   behind	   the	   5-‐minutes	   plan	   is	   that	   it	   should	   be	   possible	   to	   access	   public	  
transportation,	   grocery	   shopping,	   green	   areas	   and	   water	   within	   5	   minutes	   from	   all	   the	  
different	   neighbourhoods	   within	   Nordhavnen.	   For	   the	   5	   minute	   plan	   to	   succeed	   the	  
infrastructure	   should	   be	   planned	   very	   carefully	   to	   allow	   the	   citizens	   to	  move	   around	   in	   a	  
fast,	  comfortable	  and	  easy	  way.	  The	  5-‐minutes	  is	  developed	  to	  benefit	  many	  different	  things	  
including	   sustainability.	   In	   relation	   to	   sustainability	   and	   transportation	   several	   evaluation	  
and	   certification	   tools	   exists.	   The	   used	   sustainability	   certification	   tool	   used	   in	   Denmark	  
(chosen	   by	   the	   Danish	  Green	   Council)	   is	   DGNB.	   The	  DGNB	   certification	   comes	   in	  multiple	  
versions,	  one	  for	  buildings	  and	  one	  for	  urban	  districts.	  
 
DGNB	  Urban	  Districts	   is	   a	   sustainability	   certification	   tool	   that	  originates	  back	   to	  Germany.	  
The	  certification	  tool	  is	  in	  many	  ways	  very	  different	  from	  other	  known	  tools	  as	  BREEAM	  (UK)	  
and	   LEED	   (US).	  DGNB	  have	   a	  more	   holistic	   approach	   to	   the	   concept	   of	   sustainability	   tool,	  
where	  the	  sociological,	  political	  and	  design	  phase	  is	  included	  and	  evaluated.	  The	  certification	  
tool	   consists	   of	   45	   different	   sub	   categories	   among	  which	  we	   find	  multiple	   categories	   that	  
relates	  to	  mobility	  and	  transportation.	  
 
To	   secure	   a	   great	   mix	   of	   residential,	   business	   and	   retail	   shops	   a	   checklist	   is	   to	   be	   found	  
within	   the	   certification	   tool	   that	   indicates	   the	  maximum	  distance	   from	   the	   city	   district	   to	  
other	  functions	  in	  the	  city	  (Copenhagen).	  A	  brief	  example	  of	  some	  of	  the	  distances	  required	  
by	  the	  DGNB	  and	  the	  actual	  distance	  is	  found	  below.	  

Comparison	  of	  DGNB	  distance	  requirements	  and	  actual	  distances	  

	   DGNB	  Requirement	  
(time)	  

DGNB	  Requirement	  
(distance)	  

Actual	  distance	  

Primary	  School	   10	  min	   700	  m	   680	  m	  

Secondary	  School	   15	  min	   1300	  m	   680	  m	  

University	   30	  min	   -‐	   2000	  m	  

Library	   20	  min	   1500	  m	   -‐	  

The	   Nordhavnen	   project	  was	   in	   2013	   awarded	   the	   DGNB	  Gold	  Medal	   for	   sustainable	   city	  
planning.	  Based	  on	  that	  team	  DTU	  will	  continue	  to	  evaluate	  the	  area,	  but	   instead	  focus	  on	  
the	  relation	  between	  EMBRACE	  and	  the	  city	  district.	  
	  
Access	   to	   green	   areas,	   water	   and	   places	   to	   stay	   is	   all	   around	   the	   globe	   highly	   valued.	  
EMBRACE	   take	   the	   “opportunity	   to	   stay”	   to	   the	   next	   level	   in	   its	   own	   backyard.	   The	   area	  
under	   the	   Sheltered	   garden	   can	   easily	   be	   decorated	   after	   the	   users	   wishes,	   and	   the	  
opportunity	  to	  establish	  a	  green	  area	  here	  is	  most	  likely.	  The	  area	  can	  be	  used	  for	  multiple	  
purposes,	  including	  leisure,	  tanning,	  repair	  of	  the	  bike	  or	  similar.	  By	  reducing	  the	  distance	  to	  
green	  areas	  EMBRACE	  might	  reduce	  the	  need	  for	  the	  citizens	  to	  travel	  outside	  the	  town	  in	  
order	   to	  discover	  nature,	   fresh	  air	  and	   leisure.	  Among	   trips	   that	   involve	  a	   stay	   the	  second	  
most	  common	  is	  holiday	  homes	  (figure	  below)	  which	  is	  more	  that	  twice	  the	  amount	  of	  trips	  
from	  the	  third	  most	  common	  which	  is	  city	  travels.	  
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Trips	  for	  shorter	  and	  longer	  stays.	  Source:	  dst.dk	  

	  
Likewise	  EMBRACE	  affect	   the	  mobility	   in	  terms	  of	   its	  season	  expanding	  abilities.	   Inside	  the	  
Sheltered	  garden	   the	   temperature	  would	  be	   slightly	  higher	   than	   the	  outdoor	   temperature	  
throughout	  the	  year	  (figure	  below).	  This	  allows	  the	  user	  to	  stay	  “outdoor”	  longer	  which	  will	  
be	   attractive	   during	   the	   chilly	   danish	   spring	   and	   autumn	   months	   and	   in	   the	   summer	  
evenings.	  
	  

	  
Outdoor,	  Sheltered	  garden	  and	  mean	  radiant	  temperature	  in	  May	  (Copenhagen)	  

 
An	   example	   of	   this	   matter	   is	   developed	   in	   cooperation	   with	   the	   Energy	   Efficiency	   team	  
where	  more	   information	  will	   be	   available	   as	  well.	   On	   the	   figure	   above	   it	   is	   clear	   that	   the	  
temperature	   within	   the	   Sheltered	   garden	   is	   higher	   that	   the	   outdoor	   temperature	   in	  
Copenhagen.	  The	  number	  of	   comfortable	  hours	   (18-‐24	   °C)	  between	  7:00-‐24:00	  have	  been	  
found	  be	  around	  15	  %	  inside	  the	  Sheltered	  garden	  compared	  to	  6	  %	  outdoor8.	  
 
In	  order	  make	  a	  comparison	  between	  the	  Sheltered	  garden	  and	  a	  holiday	  home	  it	  is	  required	  
to	   investigate	  what	   the	   two	   spaces	   are	   used	   for.	   In	   a	   survey	   by	   Center	   for	   Boligforskning	  
(Center	  for	  Housing	  Research)	   it	  was	  found	  that	  78	  %	  primarily	  used	  their	  holiday	  home	  to	  
relax.	  
	  
Based	   on	   above	   findings	   on	   holiday	   homes	   and	   the	   expansion	   of	   the	   outdoor	   season	  
EMBRACE	  can	  help	  the	  city	  of	  Copenhagen	  to	  become	  CO2	  neutral	  by	  reducing	  the	  number	  
of	   trips	   in	   and	   out	   of	   the	   city	  when	   families	   commute	   to	   their	   holiday	   home.	   Due	   to	   the	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
8	  Technical	  note	  on	  Sheltered	  garden	  Microclimate	  
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Sheltered	   garden	   EMBRACE	   can	   accommodate	   the	   users	   need	   for	   opportunities	   to	   relax	  
since	  the	  annual	  number	  of	  comfortable	  hours	  inside	  the	  Sheltered	  garden	  is	  almost	  tripled.	  
	  

Affordable housing and mobility 
In	  Copenhagen	  city	   center	   the	   cost	  of	   living	  have	   increased	  over	   the	   last	  decades	  and	   the	  
housing	  cost	  is	  higher	  than	  any	  other	  place	  in	  the	  country.	  In	  order	  to	  avoid	  situations	  as	  in	  
Paris	  and	  London9,	  where	  the	  housing	  prices	  force	  people	  with	  low	  income	  to	  move	  to	  the	  
suburbs	  due	  to	  economical	  circumstances	  the	  city	  planners	  needs	  to	  be	  cautious	  and	  smart.	  
	  
A	   sustainable	   city	   requires	   a	   mix	   of	   building	   functions	   (residential,	   business,	   education,	  
culture)	   and	   people	   (origin,	   income,	   education)	   according	   to	   city	   planning	   experts	   as	   Jan	  
Gehl	   and	   Peter	   Newman.	   In	   order	   to	   ensure	   a	  mix	   of	   people	   with	   different	   income	   both	  
affordable	  as	  EMBRACE	  and	  more	  expensive	  housing	  units	  should	  be	  available	  in	  the	  city.	  By	  
placing	   EMBRACE	   in	   the	   city	   people	  with	   lower	   income	  will	   still	   be	   able	   to	   live	   in	   the	   city	  
where	   the	  majority	  of	   jobs	  are	  available.	   In	   terms	  of	  mobility	  and	   infrastructure	   there	   is	  a	  
huge	  difference	  between	  living	  in	  the	  city	  or	  outside	  the	  city.	  Living	  outside	  the	  city	  where	  
the	   housing	   is	   cheaper	   one	   will	   have	   to	   commute	   either	   by	   car	   or	   public	   transportation.	  
Statistics10	  show	  that	  more	  than	  50	  %	  of	  the	  daily	  commutes	  are	  more	  than	  20	  km	  and	  the	  
large	  the	  distance	  is	  the	  likeliness	  to	  the	  car	  increase.	  
 

	  
Choice	  of	  transportation	  and	  travel	  distances	  in	  Denmark.	  Source:	  DTU	  Transport,	  translated	  

	  
By	  building	  multiple	  housing	  units	  of	  EMBRACE	   in	   the	  City	  of	  Copenhagen	  would	  open	  the	  
opportunity	   for	   people	   with	   low	   income	   to	   live	   closer	   to	   their	   job	   and	   commute	   by	   bike	  
instead	  of	  the	  polluting	  car	  that	  is	  stuck	  in	  traffic	  every	  morning	  and	  afternoon.	  As	  the	  figure	  
above	   illustrates,	   the	   shorter	   the	   commute	   is	   the	   likeliness	   to	   use	   the	   bike	   increases.	   For	  
commutes	  shorter	  than	  5	  km	  around	  75	  %	  is	  done	  by	  bike.	  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
9	  The	  Economist,	  Jan	  14th	  2014.	  An	  Englishman’s	  Home	  
10	  Transportation	  habits	  investigation,	  DTU	  Transport 
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Mobility and CO2 
As	  previously	  mentioned	   in	  this	  chapter	   (5.1.4),	   the	  city	  benefits	   from	  EMBRACE	  due	  to	   its	  
affordability	  by	  reducing	  the	  commuting	  distance	  and	  even	  transportation	  method.	  In	  order	  
to	  clarify	  and	  to	  tell	  the	  difference	  an	  impact	  assessment	  method	  have	  been	  established	  and	  
some	  of	  the	  most	  likely	  scenarios	  have	  been	  investigated.	  
	  
The	  impact	  assessment	  method	  that	  have	  been	  used	  is	  IPCC	  GWP	  2007	  (Intergovernmental	  
Panel	  on	  Climate	  Change	  -‐	  Global	  Warming	  Potential).	  The	  assessment	  is	  calculated	  for	  a	  100	  
years.	  
	  
In	   the	   following	   is	   a	   description	   of	   the	   different	   scenarios.	   In	   order	   to	   make	   this	  
understandable	   and	   as	   general	   as	   possible	   the	   scenarios	   have	   been	   shaped	   as	   a	   story	  
following	  one	  person.	  
	  
Single	   woman,	   lives	   in	   the	   suburbs	   and	   commutes	   2x20	   km	   each	   day	   to	   the	   city	   center	  
where	  her	  job	  is	  located.	  She	  commutes	  either	  by:	  

• Car	  from	  door	  to	  door,	  2x20	  km	  (scenario	  A)	  
• Train	  2x18	  km,	  including	  biking	  or	  walking	  from	  station	  2x2	  km	  (scenario	  B)	  
• Electric	  car	  from	  door	  to	  door,	  2x20	  km	  (scenario	  C)	  

 
Due	  to	  affordable	  housing	  units	  in	  Nordhavn	  she	  moves	  into	  EMBRACE	  which	  is	  much	  closer	  
to	   her	   job	   location.	   Now	   she	   will	   only	   have	   to	   commute	   2x5	   km	   (scenarios	   D),	   which	  
preferably	  will	  be	  done	  by	  bicycle	  in	  Copenhagen	  (figure	  “Choice	  of	  transportation	  and	  travel	  
distances	  in	  Denmark”).	  
	  

Impact	  assessment	  of	  different	  scenarios,	  CO2	  over	  100	  years	  
Impact	  category	   Unit	   Scenario	  A	   Scenario	  B	   Scenario	  C	   Scenario	  D	  
IPCC	  GWP	  100a	   kg	  CO2	  eq	   13.049	   9.517	   11.792	   0.119	  
 
From	   the	   assessment	   it	   is	   clear	   that	   biking	   naturally	   is	   the	   most	   sustainable	   and	   car	  
commuting	   is	   the	   worst	   choice.	   It	   can	   also	   be	   concluded	   that	   the	   choice	   of	   public	  
transportation	   is	   more	   sustainable	   than	   using	   the	   electrical	   car,	   the	   electrical	   car	   does	  
however	   perform	  much	  better	   than	   a	   regular	   car	   in	   terms	   of	   CO2	   eq.	   Please	   note	   that	   all	  
initial	  values	  are	  taken	  from	  the	  life	  cycle	  assessment	  software	  Sima	  Pro.	  	  

 
 
 
 

As	   mentioned	   earlier,	   the	   main	   idea	   of	   EMBRACE	   has	   been	   to	   create	   an	   affordable	   and	  
sustainable	  resident	  for	  the	  low	  and	  middle-‐income	  classes	  as	  these	  classes	  is	  forced	  out	  of	  
the	  cities	  due	  to	  high	  prices.	  	  

05.1.5.1 ECONOMICAL FEASIBILITY  
To	   do	   EMBRACE	   feasible,	   where	   all	   disciplines	   of	   the	   Solar	   Decathlon	   competition	   are	  
prioritized,	   it	   is	   essential	   for	   the	   economical	   perspective	   to	   do	   adjusted	   the	   different	  

05.1.5 AFFORDABILITY STRATEGIES 
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initiatives,	   where	   price	   and	   efficiency	   are	   compared.	   Also	   production	   scenarios	   and	  
construction	   cost	   are	   must	   be	   taken	   into	   consideration,	   when	   looking	   at	   the	   economical	  
feasibility.	   The	   Danish	   man	   hour	   price	   are	   a	   big	   part	   the	   total	   cost	   of	   regular	   houses	   in	  
Denmark,	  so	  it	  would	  be	  beneficial	  for	  the	  project	  if	  hours	  on-‐site	  can	  be	  minimized.	  
	  
To	  explore	  the	  cost	  oriented	  pricing	  a	  tool	   is	  developed.	  The	  tool	   is	  describe	   in	  the	  market	  
feasibility,	  but	   is	  primarily	   a	  database	  which	   can	  be	  used	   to	   find	  alternative	  more	   feasible	  
solution	  The	  prices	  for	  tool	  are	  based	  on	  prices	  from	  the	  pricebook	  V&S.	  V&S	  are	  a	  Danish	  
database,	   which	   gives	   a	   total	   price	   for	   a	   component	   to	   be	   build,	   where	   manhours	   are	  
included	  to	  be	  build	  in	  Denmark.	  	  	  
	  
To	  reach	  the	  goal	  of	  keeping	  the	  construction	  costs	  at	  a	   low	   level	   in	  order	   to	  have	  a	  good	  
product	   that	   can	   compete	   on	   the	   market,	   the	   budget	   of	   EMBRACE	   is	   therefore	   a	   very	  
important	   factor	   to	   be	   aware	   of.	   the	   actual	   budget	   is	   in	   progress	   but	   the	   following	   is	   the	  
theory	  that	  are	  used	  to	  reach	  the	  aim	  of	  an	  affordable	  dwelling.	  	  

05.1.5.2 LEVELS OF ACCURACY IN THE BUDGET 
The	   accuracy	   of	   the	   budget	   is	   dependent	   on	   the	   amount	   of	   information	   available,	   and	  
changes	  throughout	  the	  different	  project	  phases	  becoming	  more	  accurate	  as	  uncertainty	  is	  
tackled	   towards	   the	   end	   of	   the	   project	   life	   cycle,	   when	   information	   becomes	   available	  
regarding	  the	  precise	  work	  to	  be	  made	  and	  the	  market	  prices.	  	  At	  the	  end	  when	  the	  units	  are	  
defined,	  an	  exact	  price	  should	  be	  obtained	  to	  such	   level	  of	  detail	   that	  effective	  accounting	  
can	  be	  made.	  
Best	  practices	   in	  budget	  estimation	   specify	   that	   a	   three-‐point-‐estimation	   should	  be	  made.	  
This	   is	  an	   interpolation	  between	  a	  maximum	  (pessimistic),	  minimum	  (optimistic)	  and	  most	  
likely	  (central).	  The	  following	  Figure	  presents	  how	  the	  estimations	  become	  more	  accurate	  as	  
the	  project	  develop.	  
	   

 
 
The	  sources	  of	  information	  are	  also	  factor	  influencing	  the	  level	  of	  accuracy.	  Estimates	  can	  be	  
made	   top-‐down	   approach,	   using	   experience	   and	   price	   databases,	   or	   bottom-‐up,	   using	  
quotations	   for	   every	   building	   component.	   Due	   to	   the	   lack	   of	   information	   of	   at	   this	   stage,	  
using	   bottom-‐up	   would	   be	   the	   wrong	   approach	   and	   if	   preferable	   to	   use	   a	   top-‐down	  
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approach.	  This	  is	  why	  most	  of	  the	  prices	  used	  for	  the	  current	  budget	  are	  obtained	  from	  the	  
V&S	  pricebook	  and	  earlier	  Solar	  Decathlon	  editions.	  

05.1.5.3 DEVELOPING A BUDGETARY SYSTEM 
In	  order	  to	  have	  an	  organised	  structure,	  two	  options	  were	  considered:	  
	  

• PBS	  (product	  breakdown	  structure):	  the	  building	  is	  broken	  down	  progressively	  into	  
components.	  

• WBS	  (work	  breakdown	  structure):	  construction	  process	  is	  broken	  down	  into	  tasks.	  
 
It	  is	  important	  to	  keep	  in	  mind	  that	  the	  PBS	  only	  contains	  components,	  which	  are	  part	  of	  the	  
final	  product,	  while	  it	  does	  not	  include	  any	  components	  related	  to	  preparation	  or	  temporary	  
tasks.	  For	  example,	  the	  use	  of	  scaffolding	  would	  not	  be	  considered	  when	  elaborating	  a	  PBS.	  	  
WBS	  also	  specifies	  trades	  and	  gangs.	  	  

05.1.5.4 PBS 
At	  the	  beginning	  of	  the	  process,	  components	  were	  unknown	  and	  only	  basic	  measurements	  
were	  being	  used.	  For	  this	  basic	  preliminary	  budget	  prices	  such	  as	  price/m2	  of	  kitchen	  were	  
used.	  
Once	  the	  design	  became	  clearer,	  m2	  of	  building	  units	  were	  used,	  breaking	  the	  elements	  into	  
elementary	  units.	  
For	   the	   budget	   currently	   studied,	   no	   prices	   have	   been	   taken	   into	   consideration	   for	  
transportation	  and	  site	  costs,	  among	  others.	  	  

05.1.5.5 WBS 
In	  the	  WBS	  all	  elements	  will	  be	  broken	  down	  into	  3	  components	  which	  constitute	  the	  cost	  
breakdown	  structure	  (CBS):	  costs	  of	  materials,	  labour	  and	  plant	  required	  for	  the	  execution.	  
Further	   on	   in	   the	   process,	   once	   knowledge	   regarding	   all	   building	   components	   and	  
construction	  procedures	  is	  obtained,	  a	  WBS	  budget	  can	  be	  elaborated	  in	  which	  costs	  like	  site	  
management	   costs	   can	   be	   added,	   giving	   a	   more	   precise	   budget	   that	   what	   is	   currently	  
available.	  

05.1.5.6 CONTROLLING THE BUDGET 
When	  aiming	  to	  control	  the	  budget,	  it	  is	  important	  not	  only	  to	  identify	  the	  costs,	  but	  at	  what	  
moment	  in	  time	  do	  these	  become	  actual	  expenses.	  
Costs	  can	  be	  booked	  in	  three	  different	  ways:	  
	  

• Costs	  are	  commitments	  when	  the	  order	  for	  materials	  is	  made.	  
• Expenditures	  when	  the	  invoice	  is	  received	  
• Cash	  flow	  out	  when	  the	  invoice	  is	  paid	  (which	  can	  be	  done	  up	  to	  a	  month	  depending	  

on	  the	  contract).	  
• 	  
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It	   is	   important	   to	   keep	   in	  mind	   that	  once	  a	   commitment	   is	  made,	   the	  money	   is	  no	   longer	  
available,	  even	  though	  in	  the	  project	  cash	  flow	  shows	  otherwise.	  

05.1.5.7 EARNED VALUE ANALYSIS 
Comparing	   actual	   costs	   against	   the	   estimated	   budget	   expense	   at	   any	   given	   time	   of	   the	  
project	   is	   a	   simple	   way	   of	   monitoring	   the	   project.	   In	   an	   optimal	   project,	   the	   difference	  
between	  what	  has	  been	  spent	  a	  certain	  point	  and	  what	  was	  planned	  to	  be	  spent	  should	  be	  
equal	  to	  zero.	  This	   is	  rarely	  the	  case	  hence	   it	   is	   important	  to	  make	  use	  of	  an	  Earned	  Value	  
analysis.,	  which	  relates	  the	  budget	  to	  the	  schedule.	  
Earned	  value	  analysis	  uses	  the	  following	  definitions	  (Winch	  2010):	  
	  

• Earned	  value	  (EV):	  budgeted	  cost	  of	  the	  work	  completed	  at	  a	  given	  point	  in	  the	  
schedule.	  It	  is	  the	  amount	  which	  can	  be	  invoiced	  to	  the	  client,	  therefore	  includes	  
overhead	  and	  profit.	  

• Actual	  cost	  (AC):	  real	  expenses	  to	  date.	  
• Planned	  value	  (PV):	  the	  expenditure	  to	  date	  according	  to	  the	  budget.	  

 
With	  the	  above	  figures	  information	  such	  as	  if	  the	  project	  is	  on	  budget	  and	  schedule	  can	  be	  
obtained.	  The	  difference	  between	  the	  earned	  value	  and	  the	  actual	  cost	  represent	  the	  Cost	  
variance	   (CV).	   Schedule	   variance	   (SV)	   is	   the	   difference	   between	   the	   earned	   value	   and	  
planned	  value.	  This	  shown	  in	  figure	  below	  ,	  where	  it	  can	  be	  observed	  that	  the	  project	  is	  both	  
over	  budget	  and	  behind	  schedule.	  

 
 

The	   earned	   value	   analysis	   tool	  will	   be	   used	  during	   the	   construction	   phase	   as	   a	  means	   for	  
monitoring	   the	  process	  and	   identifying	   if	   the	  project	  has	  gone	  off	   track.	   If	   this	  occurs	   it	   is	  
important	  to	  take	  the	  necessary	  actions	  to	  bring	  the	  project	  back	  on	  budget	  and	  schedule,	  to	  
the	  maximum	  of	   the	   Solar	  Decathlon	   team’s	   capacity.	   If	   it	   is	   not	  possible	   to	   return	   to	   the	  
original	   plan,	   it	   will	   be	   required	   to	   identify	   the	   extra	   resources	   and	   actions	   needed	   to	  
achieve	  this.	  
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05.1.5.8 BUDGET OVERRUNS/CONTINGENCY PLANS/OVERHEAD 
Due	  to	  the	  high	  level	  of	   innovation	  being	  applied	  in	  EMBRACE,	  the	  information	  available	  in	  
order	   to	   make	   budget	   estimations	   is	   reduced.	   Benchmarking	   with	   tools	   such	   as	   V&S	  
pricebook	  does	  not	  always	  supply	  with	  accurate	  information	  for	  this	  particular	  case.	  
Since	   the	   budget	   so	   far	   has	   been	   elaborated	   using	   a	   top-‐down	   approach,	   the	   level	   of	  
uncertainty	   is	  quite	  high.	   It	   is	  because	  of	   this	   that	  a	  contingency	  or	  overhead	  of	  15-‐20%	   is	  
added.	  Once	  WBS	  are	  completely	  defined	  and	  a	  bottom-‐up	  approach	   is	  used,	   contingency	  
can	  be	  reduced	  to	  a	  safety	  factor	  of	  5%.	  

05.1.5.8  BUDGET OF EMBRACE MODEL HOUSE AND EMBRACE AS CASE 
HOUSE IN NORDHAVN  
 
Affordable	  limit	  	  
Before	  the	  investigation	  can	  be	  initiated	  the	  affordability	  in	  context	  to	  the	  competition	  were	  
shortly	  look	  upon.	  When	  examine	  the	  SDE	  2012	  pricing	  it	  was	  found	  the	  price	  range	  spended	  
from	  70.000	  EUR	  to	  280.000	  EUR.	  The	  average	  prices	  at	  the	  competition	  were	  151.000	  EUR	  
and	   the	  average	   sqm	  price	  were	  approx.	   1600	  EUR.	   In	   the	  American	  and	  China	   version	  of	  
Solar	   decathlon	   in	   the	   2013	   the	   affordability	   were	   defined	   as	   the	   limit	   200.000	   EUR.	   The	  
previous	  investigations	  of	  the	  target	  market,	  compared	  with	  this	  limit	  seem	  reasonable.	  
 
  
A	  case	  study	  of	  building	  10	  units	  of	  EMBRACE,	  covering	  an	  entire	  roof	  top	  of	  a	  block,	  show	  a	  
unit	  cost	  on	  approx.	  155.000	  EUR.	  	  The	  complete	  budget	  of	  the	  construction	  can	  be	  seen	  on	  
the	  following	  page.	  Also	  a	  	  case	  person	  from	  the	  target	  market	  are	  investigated	  in	  financial	  
system	  section,	  how	  the	  case	  persons	  economy	  actually	  looks	  like	  in	  EMBRACE	  compared	  to	  
if	   the	   case	   person	   for	   instance	   lived	   in	   one	   of	   the	   City	   of	   Copenhagen	   cheap	   new	   rental	  
housing,	  meaning	  what	  gain	   the	  solar	   cells	   capitalize,	   from	  the	   rental	  of	   the	   flexible	   space	  
and	  recognize	  a	  savings	  in	  the	  cost	  of	  food,	  because	  the	  garden	  can	  produce	  vegetables.	  
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05.1.5.9 FINANCIAL SYSTEM 
The	  following	  section	  will	  describe	  the	  financial	  possibilities,	  which	  is	  available	  on	  the	  Danish	  
market,	  of	  loans	  for	  cooperative	  housing	  as	  EMBRACE	  is	  intended.	  
Few	  have	  all	  the	  money	  needed	  to	  purchase	  a	  new	  property	  in	  cash,	  why	  most	  of	  the	  buyers	  
needs	  a	  loan.	  
When	   buying	   cooperative	   house	   and	   this	   is	   financed	   by	   a	   loan,	   one	  must	   both	   pay	   off	   a	  
cooperative	  housing	  loans	  and	  a	  monthly	  residential	  fee.	  The	  residential	  fee	  covers	  interest	  
payments	  and	  repayment	  of	  the	  association's	  loans	  and	  the	  cost	  of	  running	  the	  association.	  
A	   cooperative	   is	   often	   financed	   with	   bank	   loans,	   where	   the	   cooperative	   is	   pledged	   as	  
collateral	  for	  the	  loan.	  Cooperative	  housing	  loans	  is	  an	  ordinary	  loan.	  Basically,	  the	  interest	  
for	  most	  cooperative	  housing	  loans	  in	  Denmark	  variable.	  It	   is	  therefore	  recommended	  that	  
the	  buyer	  to	  EMBRACE	  have	  a	  buffer	  in	  the	  budget	  to	  pay	  a	  higher	  expense	  if	  interest	  rates	  
at	  a	  time	  will	   increase.	  For	  variable	   interest	  rate	   its	  crucial	  that	  this	  may	  either	   increase	  or	  
decrease,	  where	  the	  monthly	  payment	  to	  the	  bank	  and	  could	  rise	  or	  fall.	  
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If	  one	  some	  months	  have	  a	  lower	  income	  and	  trouble	  paying	  off	  the	  loan	  it	  will	  be,	  in	  most	  
banks	  in	  Denmark,	  an	  opportunity	  to	  get	  interest-‐only	  over	  an	  appropriate	  period.	  
The	  loan	  typically	  has	  a	  duration	  of	  up	  to	  30	  years,	  and	  you	  have	  the	  option	  of	  interest-‐only	  
payment	   for	  up	  to	  10	  years.	  The	   loan	   is	  primarily	   intended	  to	   finance	  cooperative	  housing	  
with	  a	  capital	  part	  on	  less	  than	  200,000	  DKK.	  
There	  is	  also	  the	  option	  of	  instalment	  debt	  faster	  and	  thus	  pay	  less	  interests	  -‐	  the	  shorter	  the	  
duration,	  the	  less	  interest	  expense	  over	  the	  entire	  duration	  of	  the	  loan.	  	  
	  
Prices	  	  
It	   is	   mandatory	   for	   the	   formation	   of	   cooperative	   housing	   loans	   to	   be	   paid	   up-‐front	   fee,	  
processing	   fee	   and	   possible	   registration	   fee.	   In	   addition,	   there	  may	   be	   other	  minor	   costs	  
associated	   with	   setting	   up	   a	   Cooperative	   housing	   loans	   such	   as	   change	   of	   bank	   account,	  
lawyer	  fees,	  etc.	  
The	  annual	   interest	  rate	  is	   low	  and	  depends	  on	  the	  total	  amount	  of	   loan,	   ie.	  the	  more	  you	  
lend,	  the	  lower	  the	  interest	  rate.	  The	  table	  below	  shows	  how	  Arbejdernes	  Landbank	  interest	  
rate	  for	  Cooperative	  housing	  purchase	  depends	  on	  the	  amount	  of	  loan.	  

 
	   Table	  of	  interest	  rates	  ,http://www.al-‐bank.dk	  

Since	  EMBRACE	  has	  a	  construction	  cost	  155,000	  EUR,	  the	  interest	  rates	  will	  remain	  at	  4.5%	  
according	  to	  Arbejdernes	  Landsbanks	  rates.	  At	  a	  duration	  of	  30	  years,	  with	  no	  interest-‐only	  
period,	  it	  will	  show	  calculations	  show	  that	  the	  expense	  of	  the	  first	  year	  can	  be	  estimated	  to	  
5600	  DKK	   for	   principal	   and	   interest	   combined	  each	  month.	   In	  Denmark	   there	   is	   a	   subsidy	  
from	  the	  state,	  where	  one	  can	  get	  1/3	  of	   the	   interest	  cost	  of	  housing	   loans	  subject	   to	   the	  
same	  deductions,	  and	  thereby	  decreases	  the	  tax,	  so	  the	  actual	  performance	  can	  be	  counted	  
to	   4200	   DKK	   for	   the	   first	   month	   of.	   By	   investigating	   the	   market	   of	   renovated	   rooftop	  
apartments	  its	  found	  that	  the	  monthly	  residential	  fee	  of	  a	  similar	  apartment	  is	  3230	  DKK11.	  
(source)	   this	  means	   the	   total	   expense	  of	   EMBRACE	  each	  mount	   is	   estimated	   to	   7430	  DKK	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
11	  http://www.boliga.dk/bolig/920978/bellahoejvej_122_3_2720_vanloese	  
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which	   is	   very	   competitive	   to	   the	   rented	   accommodation	   found	   in	   the	   Market	   viability	  
section.	  

05.1.5.10 BUSINESS MODEL CANVAS 
In	   the	   ‘Market	   viability	   strategies’	   the	   values	   within	   the	   project	   for	   the	   customer,	  
stakeholder	  and	  partners	  has	  been	  defined.	  The	  setup	  for	  the	  business	  model	  can	  be	  seen	  
below	  on	  the	  figure.	  

	  
Business	  model	  canvas	  ,http://www.zebramc.com/tag/business-‐model-‐canvas/	  

After	   defining	   the	   values	  within	   the	   project,	   a	  marked	   segmentation	   is	   initiated	   to	   find	   a	  
target	  market	   and	   possible	  markets	   to	   entry.	   The	   danish	  market	   is	   seen	   as	   the	   domestic	  
market	  as	  the	  project	  is	  developed	  for	  the	  danish	  regulation,	  culture	  etc.	  In	  addition	  to	  the	  
investigation	  of	  the	  domestic	  market	  a	  foreign	  market	  within	  EU	  is	  investigated.	  One	  of	  the	  
main	  reasons	  of	  the	  focus	  on	  EU	  is	  the	  knowhow	  of	  regulation	  and	  European	  standards	  that	  
is	  easy	  to	  compare	  as	  they	  are	  similar.	  The	  clarification	  of	  the	  economic	  feasibility	  is	  made	  in	  
according	  to	  the	  business	  model	  shown	  above.	  
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The	  nine	  elements	  in	  the	  business	  model	  canvas:	  
	  
1.Customer	  segments:	  for	  whom	  do	  we	  aim	  to	  
create	  value?	  Who	  are	  our	  most	  important	  
customers?	  
	  
2.Value	  Propositions:	  what	  do	  we	  offer	  to	  
whom?	  What	  value	  do	  we	  deliver	  to	  a	  customer	  
in	  a	  given	  segment?	  What	  needs	  do	  we	  satisfy?	  
	  
3.Channels:	  how	  do	  we	  reach	  each	  customer	  
segment?	  What	  is	  easiest	  for	  the	  customer?	  
	  
4.Customer	  Relationships:	  how	  do	  we	  build	  
and	  maintain	  these?	  How	  do	  they	  fit	  effectively	  
in	  both	  the	  customer’s	  world	  and	  our	  own?	  
	  
5.Revenue	  Streams:	  for	  what	  will	  our	  
customers	  pay?	  How	  much?	  How	  would	  they	  
prefer	  to	  pay?	  

6.Key	  Resources:	  what	  resources	  are	  essential	  
to	  deliver	  our	  Value	  Propositions	  through	  the	  
Channels	  and	  maintain	  our	  Customer	  
Relationships?	  
	  
7.Key	  Activities:	  what	  are	  the	  most	  important	  
things	  you	  must	  do	  to	  make	  your	  business	  
work?	  
	  
8.Key	  Partnerships:	  who	  are	  our	  Key	  Partners	  
and	  why?	  What	  Key	  Resources	  do	  they	  provide	  
and	  what	  Key	  Activities	  do	  they	  carry	  out?	  
What’s	  in	  it	  for	  them?	  What	  relationship	  should	  
we	  have?	  
	  
9.Cost	  Structure:	  what	  costs	  are	  implied	  by	  our	  
Business	  Model?	  Which	  are	  largest?	  What	  is	  
fixed	  and	  what	  is	  variable?	  What	  drives	  them?	  
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O5.2 ARCHITECTURE 
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EMBRACE	  is	  a	  minimal	  city	  dwelling	  created	  to	  facilitate	  urban	  densification	  by	  creating	  new	  
communities	   on	   top	   of	   existing	   buildings.	   Existing	   rooftops	   are	   not	   utilized	   to	   their	   full	  
potential	   as	   they	   currently	   lack	   livable	   space.	   Many	   existing	   rooftops	   are	   defined	   by	   the	  
Copenhagen	   municipality	   as	   suitable	   places	   for	   densification	   and	   the	   urban	   renewal	   by	  
adding	   new	   buildings	   to	   the	   existing	   city.	   The	   project	   is	   intended	   for	   the	   developing	  
Nordhavn	  district	  of	  Copenhagen,	  Denmark	  but	  is	  conceptually	  open	  to	  adaptation	  to	  other	  
contexts.	  

	  

Left:	  Illustration	  of	  EMBRACE	  with	  the	  Weather	  Shield.	  Right:	  Concept	  of	  EMBRACE	  on	  top	  of	  existing	  building.	  

The	   project	   is	   designed	   to	   add	   self-‐sustaining	   communities	   to	   the	   existing	   urban	   fabric.	  
EMBRACE	  dwellings	  consist	  of	  a	   'Thermal	  Envelope'-‐unit	  and	  a	   'Sheltered	  Garden'	   covered	  
by	  a	  Weather	  Shield.	  The	  sheltered	  garden	  stimulates	   interconnectivity	  by	  creating	  diverse	  
semi-‐private	   and	   semi-‐public	   zones	   that	   are	   usable	   by	   both	   the	   rooftop	   residents	   and	  
residents	  from	  dwellings	  below.	  Social	  interaction	  aims	  to	  counter	  loneliness	  in	  Copenhagen	  
and	  is	  encouraged	  through	  the	  sharing	  of	  resources,	  knowledge	  and	  time.	  
	  
The	  protective	  skin	  integrates	  solar	  power	  technologies	  to	  power	  the	  rooftop	  dwellings	  and	  
share	   energy	   with	   the	   building	   below.	   The	   dwelling	   is	   composed	   of	   largely	   prefabricated	  
modules	  to	  enable	  simple	  assembly	  on	  top	  of	  existing	  buildings.	  
	  
Reducing	   the	   environmental	   impact	   has	   been	   stimulated	   from	   early	   on	   through	   the	  
sustainability	  concept	  of	  Smart,	  Save,	  Share".	  	  The	  strategy	  firstly	  aims	  to	  Save	  energy	  used	  
or	  embodied	  in	  EMBRACE.	  Secondly,	  the	  energy	  that	  is	  consumed	  is	  consumed	  in	  an	  efficient	  
and	   Smart	   manner.	   Thirdly,	   the	   communal	   impact	   of	   EMBRACE	   on	   the	   environment	   and	  
society,	   from	   	   f.e.	   the	   shared	   space	   and	   vehicles,	   will	   be	   reduced	   by	   Sharing	   the	   impact	  
among	  multiple	  dwellings.	  

	  
Concept	  illustration.	  Read	  from	  top	  clockwise.	   	  

PROJECT RECAP 
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The	  Solar	  Decathlon	  competition	  gives	  the	  opportunity	  to	  make	  engineers	  from	  all	  fields	  of	  
study	  work	  together	  in	  an	  iterative	  design	  process	  from	  the	  beginning	  of	  the	  design	  phase.	  
The	   project	   from	   DTU	   wants	   to	   create	   a	   common	   ground	   and	   combine	   innovative	  
engineering	  ideas	  with	  architecture.	  To	  be	  able	  to	  create	  and	  build	  an	  aesthetic	  building	  and	  
at	   the	   same	   time	   the	  most	   energy	   efficient	   building	   in	   the	   competition,	   it	   is	   important	   to	  
work	  in	  close	  cooperation	  in	  an	  iterative	  design	  process.	  When	  working	  in	  an	  iterative	  design	  
process	   all	   specialists	   are	   taken	   into	   account	   during	   the	   design	   phase	   and	   thereby	   the	  
building	   will	   be	   shaped	   optimal	   in	   all	   aspects.	   During	   the	   process	   the	   design	   has	   been	  
investigated	   from	   different	   perspectives	   in	   the	   different	   specialist	   groups	   to	   make	   sure	  
everything	   has	   been	   taken	   into	   account.	   Simulations	   and	   calculations	   for	   daylight,	   indoor	  
climate,	  acoustics	  and	  constructions	  are	  made	  to	   take	   the	  design	   to	  next	   level	  or	   loop.	  An	  
iterative	  design	  process	   is	  not	  a	  straight	   line	   from	  first	  sketch	  to	  a	   final	  design	  concept	   it’s	  
like	  several	   loops,	  where	  design	  and	  simulations	  are	  done	  simultaneously	  and	  each	   loop	   is	  
defining	  the	  state	  of	  the	  art	  for	  the	  design	  as	  seen	  in	  the	  figure	  below.	  
 

 
Iterative design process 

 
Every	   group	   of	   specialists	   has	   to	   function	   individual	   as	   well	   as	   one	   big	   team,	   since	   every	  
group	   is	   dependent	   on	   each	  other	   to	   finalize	   the	   common	  project.	   The	  decisions	  made	   in	  
one	   group	   affects	   the	   other	   groups,	   so	   one	   group	   cannot	   just	  work	   isolated	   on	   the	   tasks	  
related	  to	  their	  subject,	  but	  have	  to	  inform	  the	  other	  groups	  of	  their	  decisions	  or	  have	  input	  
from	   the	   other	   teams	   before	   deciding	   anything,	   which	  means	   that	   the	  more	   cooperation	  
between	   the	   groups	   the	   more	   integrated	   solutions	   and	   the	   better	   final	   result.	   A	   unique	  
quality	  of	  the	  SDE	  team	  from	  DTU	  is	  that	  only	  engineers	  within	  different	  fields	  of	  study	  are	  
working	  together	  even	  the	  creative	  team	  is	  architectural	  engineers,	  which	  is	  different	  from	  
several	  other	  teams.	  	  
	  
The	   process	   started	   by	   defining	   a	   common	   ground	   for	   the	   entire	   team.	   All	   students	   from	  
different	   fields	   of	   study	   worked	   together	   gathering	   the	   basis	   knowledge	   to	   make	   the	  
concept	   for	   the	   house.	   Two	   basic	   directions	   for	   developing	   the	   house	   was	   explored.	  
Separating	  the	  envelope	  of	  the	  house	   into	  a	  thermal	  envelope	  and	  an	  envelope	  protecting	  

05.2 - ARCHITECTURE DESIGN NARRATIVE 

05.2.1 - DESIGN PROCESS 
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the	   house	   from	   the	   weather	   or	   maintaining	   the	   envelope	   as	   one.	   The	   concept	   with	   the	  
separation	   of	   the	   envelope	   was	   pretty	   fast	   chosen,	   because	   it	   had	   some	   desirable	   and	  
unexplored	   values	   concerning	   the	   space,	   which	   could	   be	   created	   between	   the	   two	  
envelopes.	  	  
	  
Different	  solutions	  for	  separating	  the	  envelope	  have	  been	  examined,	   if	  the	  outer	  envelope	  
was	   to	   be	   a	   closed	   construction	   or	   an	   open	   covering.	   In	   the	   end	   it	  was	   chosen	   to	   have	   a	  
closed	   construction	   because	   the	   space	   then	   could	   benefit	   from	   the	   heat	   and	   extend	   the	  
season	  for	  being	  outside	  during	  spring	  -‐	  and	  fall.	  	  
Next	  step	  was	  to	  figure	  out	  what	  the	  space	  could	  be	  used	  for.	  In	  combination	  to	  the	  aspect	  
of	  densifying	  the	  city	  the	  solution	  was	  to	  use	  the	  space	  as	  a	  shared	  space	  for	  the	  inhabitants	  
and	  make	  more	   space	   in	   the	  house	  by	  moving	   certain	   functions	   into	   the	   shared	   space.	   In	  
extension	   to	   this	   it	  was	   explored	  which	   functions	   could	   be	  moved	   into	   the	   shared	   space:	  
which	   functions	  was	   “need	   to	  have”	   in	   comparison	   to	   functions	  which	  was	   “nice	   to	  have”	  
and	  how	  many	  dwellings	  should	  be	  sharing	  which	  functions?	  
These	  thoughts	  have	  been	  the	  basis	  for	  the	  development	  of	  the	  concept	  for	  our	  house.	  The	  
concept	   of	   EMBRACE	   have	   been	   developed	   in	   cooperation	   with	   all	   the	   competition	  
categories.	  	  	  
During	   this	   development	   the	   shape	   and	   volume	   were	   to	   be	   explored	   before	   an	   optimal	  
solution	   was	   found.	   From	   this	   point	   the	   design	   of	   EMBRACE	   was	   developed	   during	   the	  
following	  year	  and	  simulations,	  calculations	  and	  optimizations	  resulted	  in	  a	  final	  project.	  	  

	  
Worldwide,	  there	  is	  a	  tendency	  of	  people	  moving	  from	  the	  countryside	  and	  smaller	  cities	  to	  
the	  bigger	  cities.	  Megacities	  are	  a	  phenomenon,	  which	  is	  getting	  more	  common	  as	  a	  result	  
of	   this	   increased	   urbanization.	   The	   result	   is	   an	   increased	   demand	   for	   dwellings.	   Thereby	  
alternative	  solutions	  for	  densifying	  the	  city	  have	  to	  be	  found.	  There	  is	  a	  lot	  of	  unutilized	  area	  
on	   top	  of	  existing	  buildings	   in	   the	   cities,	  which	   can	  be	  base	   for	  new	   rooftop	  apartments	   -‐	  
EMBRACE	   is	   such	   an	   addition.	   EMBRACE	   is	   adjustable	   in	   regards	   to	   accessibility	   from	   the	  
existing	  building	  and	  fitting	  to	  the	  existing	  building.	  
The	  name	  explains	  the	  building	  as	  it	  embraces	  the	  environment	  it	   is	  placed	  in,	  the	  users	  of	  
the	  existing	  building	  and	  the	  new	  inhabitants	   in	  the	  rooftop	  apartments.	  EMBRACE	  creates	  
not	   only	   space	   for	  more	   people	   it	   also	   includes	   the	   people	   from	   the	   existing	   building	   by	  
creating	   a	   more	   urban	   cityscape	   on	   the	   rooftop,	   with	   recreational	   areas	   that	   also	   give	  
opportunity	   for	   gatherings	   with	   the	   other	   people	   in	   the	   building.	   EMBRACE	   is	   thereby	  
developed	  as	  an	  ‘add-‐on’	  unit,	  to	  be	  placed	  on	  rooftops	  in	  desired	  contexts.	  
	  
As	   described	   in	   the	   05.1	   -‐	   UDTA	   section	   the	   local	   context	   of	   EMBRACE	   will	   be	   the	   old	  
industrial	  area	  called	  Nordhavnen.	  New	  big	  development	  plans	  are	  made	  for	  this	  area	  to	  be	  
a	  new	  sustainable	  part	  of	  Copenhagen.	  The	  location	  is	  unique	  since	  it’s	  placed	  very	  close	  to	  
the	  city	  centre	  and	  at	  the	  same	  time	  right	  next	  to	  the	  harbour	  and	  transportation	  nerves	  of	  
the	  city.	  By	  using	  the	  geographical	  context	  of	  the	  development	  area	  Århusgade	  Kvarteret	  in	  

05.2.2 - ARCHITECTURAL AND URBAN CONCEPT OF EMBRACE 
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Nordhavnen,	  a	   lot	  of	  factors	  to	  consider	  automatically	  appear.	  Nordhavnen	  is	  thought	  as	  a	  
green	   and	   sustainable	   part	   of	   the	   city	   focusing	   in	   different	   scales:	   industry,	   residents,	  
transportation,	  outdoor	  activities	  and	  green	  areas.	  This	  strategy	  gives	  a	  good	  foundation	  for	  
the	   design	   of	   the	   SDE’14	   house.	  	   Another	   important	   strategy	   of	   EMBRACE	   is	   to	   develop	   a	  
building	  focusing	  on	  a	  dense	  urban	  context.	  Thereby	  the	  house	  will	  be	  able	  to	  be	  multiplied	  
and	  integrated	  in	  a	  larger	  urban	  scale	  to	  secure	  a	  possibility	  for	  densifying	  the	  big	  cities.	  
	  

 
Rooftops in Østerbro, Copenhagen, Foto: Google maps 

EMBRACE	  is	  developed	  to	  make	  full	  use	  of	  the	  area,	  in	  all	  aspects,	  which	  makes	  a	  community	  
vibrant,	  sustainable	  and	  a	  desired	  place	  to	  live.	  The	  house	  is	  a	  compact	  unit,	  which	  makes	  it	  
flexible	  and	  adaptable	  to	  almost	  any	  building	  size.	  With	  the	  limitations	  of	  the	  existing	  roof	  a	  
dense	  and	  intense	  community	  is	  created.	  	  
In	   general	   there	   are	   two	   types	   of	   existing	   buildings	   for	   EMBRACE	   to	   be	   added;	   industrial	  
buildings	  and	  residential	  buildings.	  EMBRACE	  will,	  depending	  on	  the	  existing	  building,	  either	  
help	  to	  mix	  the	  functions	  in	  the	  area	  or	  bring	  extra	  living	  units	  to	  the	  community.	  There’s	  a	  
possibility	  to	  integrate	  spaces	  in	  the	  EMBRACE	  community,	  where	  people	  from	  outside	  also	  
could	  go	  as	  well.	  	  
There	  are	  four	  definitions	  of	  spaces	  in	  the	  concept	  of	  EMBRACE:	  
Public:	   A	   space	   where	   all	   people	   can	   go,	   people	   living	   in	   the	   building	   and	   people	   from	  
outside.	  
Semi	  public:	  A	   space	  available	   for	   the	   inhabitants	  of	   the	  new	  dwellings,	  as	   for	   the	  existing	  
building.	  
Semi	  private:	  A	  space	  used	  for	  the	  people	  living	  in	  a	  number	  of	  the	  new	  dwellings.	  
Private:	  A	  space	  used	  for	  one	  dwelling.	  
The	  main	  concept	  of	  placing	  the	  EMBRACE	  units	  on	  the	  rooftops,	  is	  to	  mirror	  the	  units	  next	  
to	  each	  other.	  Hereby	  it	  makes	  full	  use	  of	  the	  area	  on	  the	  rooftop	  while	  reducing	  heat	  loss	  
when	  two	  dwellings	  share	  a	  common	  wall.	  Placing	  the	  EMBRACE	  dwellings	  on	  rooftops	  will	  
affect	  the	  overall	  appearance	  of	  the	  building.	  The	  outside	  geometry	  of	  the	  house,	  which	   is	  
the	  Weather	   Shield.	   The	   sides	   are	   sloped	  making	   the	  weather	   shield	   less	   visible	   from	   the	  
street	  and	  has	  a	  uniform	  straight	  profile.	  The	  Weather	  Shield	  consists	  of	  glazing	  making	  the	  
overall	   expression	  of	   the	   EMBRACE	  dwellings	  more	  neutral,	   and	  more	  easily	   adjustable	   to	  
existing	  houses.	  
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05.2.2.1 - SMART-SAVE-SHARE 
When	   designing	   EMBRACE	   three	   main	   concepts	   have	   been	   used	   as	   a	   goal	   for	   the	   final	  
building	   and	   concept.	   Smart	   -‐	   Save	   -‐	   Share.	   When	   building	   smart	   the	   orientation	   of	   the	  
building	  and	  the	  design	  is	  optimized	  to	  perform	  best	  possible	  in	  itself.	  Smart	  is	  also	  building	  
light	  constructions,	  which	  makes	  it	  possible	  to	  build	  on	  existing	  rooftops.	  Technical	  devices	  
are	  applied	  to	  save	  energy	  and	  the	  smart	  design	  makes	  sure	  that	  materials	  are	  saved	  when	  
constructing.	  Finally	  the	  building	  PV’s	  are	  integrated	  in	  the	  roof	  to	  exploit	  the	  solar	  energy.	  
The	   big	   roof	   ensures	   a	   big	   production	   of	   solar	   energy,	  which	   is	   impossible	   to	   use	   for	   the	  
single	  unit	  therefore	  the	  extra	  energy	  is	  shared	  with	  the	  community	  through	  the	  smart	  grid.	  
When	  living	  in	  this	  dense	  community	  sharing	  space	  and	  technical	  devices	  is	  a	  big	  advantage.	  
When	  sharing	  all	  these	  devices,	  space	  in	  each	  unit	  will	  be	  saved	  creating	  the	  compact	  living	  
style.	  	  

05.2.2.2 - USER AND THEIR NEEDS 
Modern-‐day	  customers	  desire	  more;	  more	  functions,	  space,	  and	  resources.	  Through	  sharing,	  
EMBRACE	  optimizes	  the	  use	  of	  functions	  and	  area.	  EMBRACE	  gives	  an	  idea	  of	  how	  to	  share	  
and	   manage	   resources	   as	   much	   as	   possible	   without	   major	   investments,	   expenses,	   or	  
deprivation.	  
When	  building	  a	  dwelling	  based	  on	  different	  requirements	  than	  the	  classique	  building	  mass	  
the	  building	  has	  to	  be	  designed	  for	  the	  users	  as	  well.	  The	  group	  of	  users	  for	  EMBRACE	  is	  the	  
‘in-‐betweeners’	   the	   group	   of	   people	   with	   a	   middle-‐income,	   a	   single	   couple,	   a	   divorced	  
parent	  and	  children	  or	  young	  students	  with	  a	  low	  income.	  The	  dwelling	  suits	  2-‐2,5	  persons,	  
where	  the	  half	  person	  can	  be	  a	  child	  or	  an	  adult	  only	  living	  there	  half	  time.	  The	  users	  have	  to	  
be	  aware	  of	  the	  sustainable	  living	  and	  sharing-‐concept	  in	  the	  community,	  which	  will	  result	  in	  
a	  community	  of	  pioneers	  for	  a	  sustainable	  dense	  city.	  A	  further	  description	  can	  be	  found	  in	  
section	  05.1	  -‐	  UDTA.	  	  
	   	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Architecture	   76	  

	  

 

05.2.3.1 - EMBRACE - SEPARATING ENVELOPE 
The	  main	  concept	  of	  EMBRACE	  is	  to	  separate	  the	  envelope	  of	  the	  house	  into	  two	  -‐	  a	  Thermal	  
Envelope	  and	  a	  Weather	  Shield.	  The	  Thermal	  Envelope	  is	  the	  dwelling	  unit	  and	  the	  Weather	  
Shield	   is	   the	  water	   and	  wind	   protection	   shield,	   which	   is	   extracted	   from	   the	   dwelling	   and	  
creates	  a	  covered	  outdoor	  area,	  the	  Sheltered	  Garden.	  
Separation	   of	   the	   envelope	   gives	   the	   opportunity	   to	   have	   a	   Sheltered	   Garden	   on	   the	  
rooftop,	  which	  gives	  the	  possibility	  to	  use	  the	  outdoor	  area	  for	  a	   longer	  period	  of	  the	  year	  
because	   it	   is	   free	   of	   rain	   and	   wind	   and	   it	   gains	   a	   higher	   temperature	   than	   the	   actual	  
outdoors	   through	   passive	   heating.	   Another	   advantage	   is	   the	   possibility	   to	   have	   an	   urban	  
garden,	   where	   people	   can	   grow	   herbs	   and	   vegetables	   under	   the	   Weather	   Shield,	   and	  
thereby	  bringing	   the	   typical	   single-‐family	  house	   from	   the	  countryside	   to	   the	  city	   center	  of	  
the	   big	   cities.	   Furthermore	   the	   residents	   in	   the	   existing	   building	   will	   get	   improved	   living	  
conditions	  by	  the	  urban	  cityscape.	  
	  

 
EMBRACE, in local context Nordhavnen 

 
EMBRACE, Sheltered Garden 

05.3.3.2 - EXTRACTING FUNCTIONS FOR SHARING 
In	  order	  to	  build	  denser	  the	  house	  spacing	  and	  functions	  have	  to	  be	  re-‐thought.	  How	  can	  the	  
interior	  be	  made	  more	  flexible	  and	  multi-‐functioning	  to	  densify	  the	  dwelling	  as	  well	  as	  the	  
city?	  In	  extension	  to	  this	  thought,	  rooms	  and	  functions	  are	  evaluated	  for	  what	  people	  ‘need-‐
to-‐have’	   instead	   of	   what	   is	   ‘nice-‐to-‐have’.	   All	   the	   extra	   space	   and	   devices	   can	   then	   be	  
extracted	  from	  the	  single	  dwelling	  and	  instead	  be	  moved	  to	  a	  place	  where	  several	  dwellings	  
or	   the	   entire	   community	   can	   share	   it.	   Moving	   functions	   out	   of	   the	   main-‐house	   and	   into	  
common	   units	   is	   an	   assisting	   factor	   for	   defining	   the	   spaces	   created	   outside	   the	   dwelling.	  
These	   functions	   could	   include	   space	   for	   doing	   the	   laundry,	   storage	   of	   the	   water	   tanks,	  
storage	  of	  tools	  or	  a	  space	  for	  doing	  handy	  work	  such	  as	  gardening	  and	  fixing	  a	  flat	  tire	  on	  
the	  bike.	  
When	   people	   live	   close	   in	   small	   units	   they	   of	   course	   still	   need	   tools	   and	   other	   practical	  
devices,	  which	  requires	  a	  lot	  of	  space.	  But	  when	  living	  this	  close	  it	  will	  be	  preferable	  to	  share	  
with	   the	  neighbors	   to	  save	  space	  and	  money	   therefore	   the	  EMBRACE	  unit	  has	  an	  external	  

05.2.3 - ARCHITECTURAL CONCEPT OF EMBRACE 
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semi-‐closed	  space	  where	  people	  from	  the	  near	  community	  can	  meet	  and	  do	  different	  things	  
together.	  
	  

 
  

Ground plan and 1. floor plan 

05.2.3.3 - THE AREAS OF EMBRACE 
The	   total	   architectural	   footprint	   of	   EMBRACE	   is	   131.7	   m2,	   which	   includes	   the	   Thermal	  
Envelope	  and	  the	  Sheltered	  Garden	  under	  the	  Weather	  Shield.	  The	  Thermal	  Envelope	  has	  a	  
measurable	  area	  of	  30	  m2	   in	  ground	  floor	  16	  m2	  at	  1st	   floor,	  which	   is	   in	  total	  46	  m2.	  These	  
measurable	   areas	   are	   following	   the	  official	   SDE	   regulations	   of	  which	   a	  measurable	   area	   is	  
defined	  as	  having	  a	  free	  room	  height	  at	  1.8	  m	  as	  minimum	  and	  not	  including	  closets	  covering	  
from	  floor	  to	  ceiling	  and	  the	  technical	  room.	  	  
 
Areas of EMBRACE 
Description	   Area	  [m2]	  
	  
Gross	  Floor	  Area	   80.5	  
Gross	  Floor	  Area,	  Ground	  Floor	   55.5	  
Gross	  Floor	  Area,	  1st	  Floor	   25	  
	  
Netto	  Floor	  Area	   59	  
Netto	  Floor	  Area,	  Ground	  Floor	  [Technical	  Room]	   4	  
Netto	  Floor	  Area,	  Ground	  Floor	  [Bathroom]	   3	  
Netto	  Floor	  Area,	  Ground	  Floor	  [Living+Kitchen+Flexible	  room]	   31	  
Netto	  Floor	  Area,	  1st	  Floor	  [Bedroom+Stairs]	   21	  
	  
Measurable	  Area	   46	  
Measurable	  Area,	  Ground	  Floor	   30	  
Measurable	  Area,	  1st	  Floor	  [+	  stairs]	   16	  
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The	  main	  house	   is	   the	  Thermal	   Envelope,	  which	   consists	   of	   four	  prefab	   volume	  elements.	  
The	  prefab	  elements	  contain	  all	   finishes,	   technical	  devices	  and	   integrated	   furniture’s.	  Each	  
element	   fulfills	   the	   requirements	   for	   transportation	  and	   the	  prefabricated	  volumes	  ensure	  
an	  easy	  assembling	  on	  site,	  resulting	  in	  a	  fast	  and	  effective	  installation.	  Only	  the	  connections	  
have	   to	   be	   connected	   and	   cladded	   on	   site	   and	   thereby	   minimal	   workload,	   which	   is	  
preferable	  both	  in	  a	   local	  urban	  context	  and	  in	  the	  competition	  context.	  By	  minimizing	  the	  
workload	  on	  site,	  costs	  for	  workers	  and	  transportation	  over	  time	  will	  be	  minimized	  because	  
the	   finishes	   will	   be	   a	   lot	   faster.	   In	   the	   competition	   it	   will	   be	   an	   advance	   because	   the	  
assembly	  period	  is	  very	  short	  and	  mainly	  done	  by	  students.	  
The	   bearing	   construction	   in	   the	   four	   prefab	   volume	   elements	   is	   a	   wooden	   construction,	  
which	  ensures	  the	  necessary	  stability	  and	  are	  light	  weighted	  for	  the	  transport	  and	  assembly.	  
Transversal	   beams	   are	   attached	   to	   these,	   in	   order	   to	   obtain	   the	   necessary	   thickness	   of	  
insulation	   to	   get	   the	   demanded	   thermal	   coefficient	   for	   the	   wall.	   Towards	   the	   outside	   a	  
plywood	  board	  is	  attached	  to	  function	  as	  a	  wind	  protector	  and	  as	  an	  extra	  stabilizing	  factor.	  
The	   	   acoustic	   cladding	   is	   attached	   directly	   onto	   the	   plywood	   board.	   Towards	   the	   inside	   a	  
vapour	  barrier	  is	  fastened	  to	  the	  wooden	  construction	  and	  then	  the	  indoor	  cladding	  is	  added	  
to	  vertical	  battens.	  For	  further	  description	  of	  the	  construction	  see	  section	  05.3	  -‐	  Engineering	  
and	  Construction	  Design	  Narrative	  and	  the	  drawings	  in	  the	  Project	  Manual.	  
 

05.2.4.1 - FLEXIBILITY IN SPACE AND FUNCTION 
The	   Thermal	   Envelope	   is	   compressed	   in	   the	   volume	   to	   be	   as	   sufficient	   energy	   wise	   as	  
possible.	  The	  four	  elements	  have	  each	  a	  function,	  there’s	  a	  technical	  module	  containing	  the	  
technical	   core,	   toilet,	   kitchen	   and	   the	   internal	   stair.	   The	   other	  modules	   are	   all	   living	   zone	  
areas,	  which	  only	   have	   the	  most	   necessary	   installations,	   and	   consist	   of	   only	   one	   common	  
open	   space,	   which	   ensures	   flexibility	   for	   moving	   internal	   walls	   and	   furniture’s	   where	   the	  
users	  can	  define	  the	  size	  of	  the	  areas	  depending	  on	  their	  needs.	  	  
	  
The	  house	   is	  mainly	  one	  big	   living	   zone,	  where	   the	   living	   room,	  dining	  area	  and	  kitchen	   is	  
integrated	  in	  one.	  The	  living	  zone	  gives	  the	  user	  the	  opportunity	  to	  define	  the	  sizes	  of	  each	  
function	  according	  to	  their	  needs	  and	  thereby	  better	  life	  quality.	  Since	  the	  house	  is	  so	  dense	  
and	  compact	  a	  big	  double	  door	  is	  integrated	  in	  the	  eastern	  facade	  to	  give	  the	  possibility	  for	  
using	   the	   Sheltered	   Garden	   outside	   as	   an	   extension	   of	   the	   dining	   area.	   This	   can	   both	   be	  
physically	  in	  summertimes	  but	  also	  just	  as	  a	  feeling	  when	  the	  temperature	  differences	  is	  too	  
big	  during	  winter.	  
	  
In	   extension	   of	   the	   stairs	   and	   the	   low	   southern	   façade	   a	   couch	   is	   integrated	   to	   give	   the	  
possibility	  for	  a	  relaxing	  spot	  with	  a	  view	  out	  of	  all	  the	  rooftops	  in	  the	  area.	  The	  idea	  of	  the	  
couch	   is	   not	   only	   to	   create	   a	   cozy	   spot	   but	   also	   to	   integrate	   some	   possibility	   for	   storage	  
underneath.	   It’s	   very	  useful	   to	  utilize	   this	   area	   for	   storage	  when	  having	   such	  a	  dense	  unit	  
and	  to	  avoid	  clothes	  covering	  and	  interfering	  the	  aesthetic	  in	  the	  building	  geometry.	  
 

05.2.4 - THERMAL ENVELOPE 
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EMBRACE	  has	  an	  integrated	  flexible	  room	  in	  extension	  to	  the	  rest	  of	  the	  living	  zone	  and	  has	  
a	  lot	  of	  different	  functions	  depending	  on	  the	  need	  of	  the	  users.	  It	  can	  be	  used	  for	  a	  room	  for	  
a	  child,	  an	  extra	  bed	  for	  guests	  an	  office	  for	  either	  the	  inhabitants	  or	  someone	  from	  outside.	  
If	  someone	  else	  than	  the	  inhabitants	  is	  using	  the	  office	  the	  rest	  of	  the	  house	  will	  be	  able	  to	  
be	   locked	   off	   except	   for	   the	   bathroom	   to	   make	   sure	   of	   privacy	   and	   security.	   A	   closet	   is	  
placed	  right	  between	  the	  living	  zone,	  the	  flexible	  room,	  the	  bathroom	  and	  the	  entrance	  to	  
give	  some	  division	  without	  completely	  closing	  it	  off.	  The	  mentioned	  closet	  has	  a	  very	  central	  
role	  in	  the	  building	  because	  of	  its	  multi	  functionality.	  It	  gives	  the	  possibility	  to	  have	  a	  small	  
entrance	  area	  for	  clothes.	  The	  closet	  also	  gives	  the	  possibility	  to	  close	  off	  between	  the	  living	  
area	  and	  the	  flexible	  room	  if	  needed	  as	  described	  before.	  	  
	  
The	   entire	   concept	   of	   EMBRACE	   has	   a	   big	   focus	   on	   the	   idea	   of	   sharing	   both	   space	   and	  
objects	  with	  neighbors	  and	  the	  close	  community,	  but	  it	  also	  gives	  the	  possibility	  for	  private	  
space.	  At	  the	  1st	  floor	  the	  bedroom	  and	  the	  private	  sphere	  is	  extended	  through	  a	  door	  to	  a	  
terrace	  in	  the	  Weather	  Shield.	  This	  terrace	  is	  completely	  private	  and	  gives	  the	  possibility	  for	  
the	  users	  to	  choose	  the	  degree	  of	  socialization	  if	  needed.	  
 

05.2.4.2 - INTEGRATED SHAFT 
In	  the	  centre	  of	  the	  thermal	  envelope	  a	  storage	  shaft	  is	  placed.	  The	  shaft	  provides	  important	  
stabilization	  constructionally.	  It	  is	  used	  as	  a	  stabilizing	  element	  in	  the	  two	  top	  modules	  both	  
for	  transportation	  and	  in	  the	  building	  in	  general.	  The	  shaft	  has	  a	  small	  room,	  which	  can	  be	  
used	  for	  storage	  in	  relation	  to	  the	  bedroom	  or	  a	  cave	  for	  children	  to	  hide	  and	  play.	  Another	  
important	  function	  of	  the	  shaft	  is	  to	  reflect	  the	  light	  from	  the	  skylight	  in	  the	  kitchen	  to	  the	  
surrounding	  areas.	  	  

05.2.4.3 - OVERALL CONCEPT FOR THE TECHNICAL CORE 
The	  overall	   idea	  of	  EMBRACE	   is	   to	  divide	   it	   into	   four	  modules	  as	  described	   in	  the	  previous	  
sections,	  one	  of	  these	  modules	  is	  the	  technical	  module,	  containing	  all	  the	  technical	  devices.	  
It’s	  also	  in	  this	  module	  that	  the	  wiring	  and	  piping	  from	  the	  electricity	  and	  floor	  heating	  will	  
be	  connected	  during	  assembly.	  Openings	  for	  service	   is	  required	  for	  each	  connection	  of	  the	  
water	  pipes	  for	  the	  floor	  heating,	  therefore	  a	  minimal	  amount	  of	  connections	   is	  preferred.	  
As	   described	   the	   technical	  module	   is	   a	   very	   important	   part	   of	   the	   house,	   here	   EMBRACE	  
becomes	  a	  living	  unit	  with	  a	  heart	  full	  of	  technics.	  	  
The	   module	   contain	   the	   technical	   room,	   kitchen,	   bathroom	   and	   integrated	   stair.	   The	  
technical	  core	  is	  the	  only	  part	  of	  the	  dwelling,	  which	  is	  not	  completely	  flexible	  because	  of	  all	  
the	  piping,	  and	  wiring,	  which	  gives	  flexibility	  to	  the	  other	  spaces	  in	  the	  dwelling.	  
	  
In	   a	   local	   context	   the	   technical	   core	  will	   look	  different,	   since	   the	   technical	   devices	  will	   be	  
shared	  between	  several	  dwellings.	  Only	  the	  most	  needed	  devices	  will	  be	  kept	   in	  the	  room.	  
The	  technical	  devices	  will	  therefore	  be	  gathered	  in	  a	  common	  location	  and	  the	  space	  in	  the	  
dwellings	   can	   be	   utilized	   differently.	   There	  will	   be	  more	   space	   for	   the	   bathroom	   and	   the	  
flexible	  room.	  	  
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05.2.4.4 - KITCHEN          
Since	  the	  kitchen	  is	  placed	  centrally	  in	  the	  dwelling	  it	  is	  very	  important	  how	  the	  design	  looks	  
in	   relation	   to	   the	   rest	   of	   the	   house.	   The	   kitchen	   is	   located	   right	   between	   the	   stairs,	   the	  
relaxation	  area,	  the	  dining	  area	  and	  the	  bathroom.	  As	  the	  rest	  of	  the	  dwelling	  the	  kitchen	  is	  
very	  compact,	  only	  containing	  the	  most	  needed	  functions	  like	  on	  a	  boat.	  	  
Between	   the	   stairs	   and	   the	   kitchen	   it	   is	   closed	   off	   by	   an	   important	   wall	   considering	   the	  
structure	  of	  the	  modules,	  the	  wall	  has	  an	  opening	  to	  ensure	  a	  good	  spread	  of	  the	  daylight.	  
The	  kitchen	  is	  closed	  off	  from	  the	  dining	  area	  as	  well,	  by	  a	  wall	  with	  a	  big	  opening	  to	  make	  
sure	   there	   is	   a	   good	   connection	   between	   those	   two	   areas.	   The	   backwall	   towards	   the	  
bathroom	  is	  of	  course	  closed	  completely	  off.	  Towards	  south	  the	  kitchen	  opens	  up	  towards	  
the	  relaxation	  area.	  The	  opening	  between	  the	  stairs	  and	  the	  kitchen	  will	  be	  used	  for	  herbs	  
and	  spices	  on	  shelves	  between	  the	  main	  structural	  columns.	  	  
When	  entering	  the	  kitchen	  there	  will	  be	  kitchen	  elements	  only	  on	  the	  right	  and	  the	  left.	  On	  
the	  right	  the	  kitchen	  will	  consist	  of	  the	  combined	  freezer	  and	  fridge	  nearest	  the	  door,	  next	  
there	  will	  be	  a	  slim	  closet	  and	  next	  to	  that	  a	  small	  dishwasher	  will	  be	  integrated.	  On	  top	  of	  
the	  dishwasher	  and	  the	  slim	  closet	  the	  stove	  will	  be	  integrated.	  On	  the	  left	  the	  kitchen	  will	  
consist	   of	   an	   oven	   and	   a	   sink.	   Above	   these	   appliances	   there	   will	   be	   open	   towards	   the	  
relaxation	   area	   as	   described	   before.	   Storage	   for	   the	   kitchen	  will	   be	   possible	   in	   big	   draws	  
under	  the	  stairs.	  The	  kitchen	  can	  be	  seen	  in	  plan	  view	  beneath	  for	  better	  understanding.	  

 
Plan view of kitchen  

The	  expression	  of	  the	  kitchen	  will	  in	  general	  be	  very	  natural	  and	  simple.	  The	  Team	  DTU	  will	  
construct	   the	   kitchen	   elements.	   The	   material	   used	   will	   mainly	   be	   OSB-‐plates,	   for	   all	   the	  
fillings.	  To	  add	  some	  life	  and	  contrasts	  to	  the	  natural	  look,	  sharp	  colours	  can	  be	  painted	  on	  
the	   frames	   of	   the	   elements	   as	   well	   as	   the	   handles,	   which	   can	   be	   seen	   in	   the	   reference	  
pictures	  below.	  Hereby	  the	  compact	  kitchen	  will	  gain	  some	  more	  space.	  

  
Reference pictures – Nybyggerne TV2, Anne og Simon 
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05.2.4.5 - BATHROOM 
The	   bathroom	   is	   placed	   towards	   the	   back	   wall	   of	   the	   house	   and	   next	   to	   the	   stair/partly	  
under	  the	  stair.	  The	  bathroom	  is	  quite	  compact	  as	  the	  kitchen	  and	  in	  general	  the	  rest	  of	  the	  
dwelling.	  The	  bathroom	  should	  therefore	  be	  kept	  as	  simple	  as	  possible	  while	   it	   is	  still	  very	  
functional.	  Most	  of	  the	  walls	  should	  be	  kept	  white,	  combined	  with	  one	  cladded	  wall	  for	  the	  
shower,	  so	  one	  don’t	  get	  the	  feeling	  of	  being	  in	  a	  clinical	  room.	  Below	  the	  plan	  view	  of	  the	  
bathroom	  will	  show	  how	  the	  placement	  of	  the	  toilet,	  sink	  and	  shower	  are	  thought.	  

 
Plan view of bathroom 

	  
The	  materials	  and	  overall	  concept	  for	  the	  bathroom	  should	  be	  in	  compliance	  with	  the	  overall	  
concept	  of	  the	  house	  having	  a	  Nordic,	  minimalistic	  and	  raw	  expression.	  The	  furniture’s	  in	  the	  
bathroom	  will	  mainly	  be	  constructed	  by	  students	  and	  integrated	  in	  the	  room,	  since	  this	  will	  
help	  the	  flexibility	  and	  functionality	  in	  a	  minimalistic	  and	  compact	  room.	  As	  for	  the	  kitchen	  
colours	  on	  edges	  and	  handles	  of	  the	  furniture’s	  and	  accessories	   in	  the	  room	  will	  add	  some	  
life	  and	  fresh	  look	  in	  the	  room.	  Reference	  pictures	  can	  be	  seen	  below.	  

  
Reference pictures - Nybyggerne TV2, Anne og Simon 

	  
The	   bathroom	   is	   very	   important	   to	   construct	   properly	   to	   avoid	   water	   damages	   in	   the	  
construction.	  Therefore	  the	  walls	  and	  floor	  in	  the	  entire	  room	  will	  be	  cladded	  with	  tiles	  and	  
the	  floor	  in	  the	  shower	  will	  decline	  towards	  the	  drain.	  	  
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05.2.4.6 - INTERIOR 
For	   the	   interior	   of	   EMBRACE	   the	   strategy	   is	   to	   integrate	   furnitures	   to	   optimize	   space	   and	  
function.	  The	  main	  integrated	  furniture	  is	  the	  couch,	  which	  will	  be	  an	  extension	  of	  the	  stairs	  
and	  bending	  along	  the	  entire	  south	  facade.	  Hereby	  it	  creates	  a	  corner	  for	  relaxation	  and	  at	  
the	   same	   time	   utilize	   area	   which	   in	   other	   cases	   can	   be	   difficult	   to	   furnish,	   since	   it’s	   a	  
passage.	   Besides	   this	   the	   ceiling	   is	   quite	   low	   towards	   south	   and	   therefore	   it’s	   optimal	   for	  
sitting	  area.	  	  
The	  main	  material	  for	  these	  furnitures	  will	  be	  wood,	  where	  the	  horizontal	  surfaces	  are	  white	  
and	   the	   vertical	   surfaces	   as	   well	   as	   the	   draws	   etc.	   is	   made	   of	   raw	   osb	   plates.	   This	  
combination	  will	   both	   give	   a	   light	   and	   clean	   expression	   and	   at	   the	   same	   time	   a	   raw	   and	  
natural.	  This	  will	  relate	  to	  the	  design	  of	  the	  kitchen	  as	  well.	  	  
 

 
Integrated stairs and couch 

  
 
 
 

The	  Weather	  Shield	  covers	  and	  protects	  the	  Thermal	  Envelope	  from	  the	  weather	  conditions,	  
and	  gives	  the	  inhabitants	  the	  opportunity	  to	  enjoy	  a	  semi-‐outdoor	  space	  all	  year.	  The	  shield	  
has	   several	   flexible	   openings,	  which	   can	   either	   be	   closed	   to	  protect	   the	   Sheltered	  Garden	  
and	  the	  Thermal	  Envelope	  from	  outside	  weather,	  or	  opened	  in	  order	  to	  let	  the	  sun	  and	  wind	  
in	  and	  make	  the	  inhabitants	  experience	  the	  outdoor	  conditions.	  
Parts	   of	   the	   Weather	   Shield	   have	   integrated	   solar	   panels,	   which	   produce	   energy	   for	  
EMBRACE.	   The	   solar	   panels	   have	   been	   a	   part	   of	   EMBRACE	   since	   the	   early	   design	   phase,	  
which	  can	  also	  be	  seen	  by	  the	  orientation	  of	  the	  house,	  the	  big	  roof	  area	  orientated	  south	  
and	  the	  inclination	  of	  the	  roof.	  	  
The	  surface	  above	  the	  thermal	  envelope	  looks	  as	  one	  uniform	  surface	  even	  though	  different	  
types	   of	   panels	   are	   placed	   on	   the	   surface.	   A	   small	   area	   of	   the	   roof	   is	   covered	  with	   solar	  
thermal	  panels	  to	  produce	  hot	  water	  and	  the	  rest	  of	  the	  roof	  covering	  the	  Thermal	  Envelope	  
is	  covered	  with	  PV’s,	  which	  produce	  electricity.	  The	  south	  roofing	  over	  the	  Sheltered	  Garden	  
is	   covered	   with	   PV’s,	   which	   should	   provide	   a	   smaller	   part	   of	   the	   needed	   energy	   for	   the	  
house.	  The	  PV’s	  are	  integrated	  in	  glass	  panels	  in	  a	  simple	  and	  unique	  barcode	  pattern,	  which	  
gives	   the	   required	   shading	   for	   the	   Sheltered	   Garden	   and	   at	   the	   same	   time	   a	   light	   and	  
transparent	  roofing	  is	  designed.	  The	  pattern	  is	  specially	  developed	  for	  EMBRACE	  to	  secure	  a	  
good	   living	   environment	   in	   the	   Sheltered	   Garden.	   All	   in	   all	   the	  Weather	   Shield	   is	   a	   very	  
important	  and	  a	  multi-‐functional	  part	  of	  EMBRACE.	  
	  

05.2.5 - WEATHER SHIELD 
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The	  loadbearing	  structure	  of	  the	  Weather	  Shield	  is	  made	  of	  wood.	  The	  roof	  of	  the	  Weather	  
Shield	   is	   divided	   into	   six	   elements	   in	   the	   horizontal	   direction,	   each	   one	   consisting	   of	   two	  
wooden	  beams,	  in	  between	  which	  PV	  panels	  are	  attached.	  The	  sides	  of	  the	  Weather	  Shield	  
equally	   consists	  of	   a	  wooden	  construction,	  divided	   in	   smaller	  elements	   for	   transport,	  with	  
glazing	   panels	   attached	   to	   it.	   For	   further	   description	   and	   drawings	   see	   section	   05.3	   -‐	  
Engineering	  and	  Construction	  Design	  Narrative	  and	  the	  drawings	  in	  the	  Project	  Manual.	  	  

05.2.5.1 - SHELTERED GARDEN 
The	  Sheltered	  Garden	  is	  the	  area	  below	  the	  Weather	  Shield,	  and	  is	  defined	  by	  the	  Thermal	  
Envelope,	  the	  Gable	  Wall,	  the	  Hobby	  room	  and	  the	  geometry	  of	  the	  Weather	  Shield,	  making	  
the	  Sheltered	  Garden	  small	  and	  compact.	  
The	  primary	   function	   is	   to	  create	  a	  private	  semi-‐outdoor	  space,	  where	  the	   inhabitants	  can	  
enjoy	  the	  extended	  seasons.	  Furthermore,	  the	  Sheltered	  Garden	  should	  consists	  of	  different	  
practical	  function	  as	  a	  laundry	  room,	  smaller	  hobby	  room	  and	  a	  small	  urban	  garden.	  	  
Since	  the	  Sheltered	  Garden	  is	  rather	  compact,	   it	   is	   important	  to	  have	  well-‐defined	  areas	   in	  
order	  to	  use	  the	  space	  optimal.	  	  
The	   Sheltered	   Garden	   is	   divided	   into	   three	   main	   areas;	   practical	   use,	   urban	   farming	   and	  
resting/conversation/relaxation	   areas.	   The	   practical	   area	   primarily	   consist	   of	   the	   Hobby	  
Room,	  containing	  activities	  as	  laundry	  room	  and	  workshop.	  The	  urban	  farming	  concept	  is	  a	  
part	   of	   the	   Gable	   Wall,	   and	   should	   consist	   of	   several	   herbs	   and	   vegetables	   which	   the	  
inhabitants	   could	   share	   with	   their	   neighbours	   and	   be	   slightly	   self	   supporting.	   The	  
resting/conversation/relaxation	  area	   is	  partly	   integrated	   in	   the	  gable	  wall,	  as	  well	  as	  a	   few	  
movable	   and	   flexible	   furnitures	   	   placed	   in	   the	   Sheltered	   Garden.	   The	   areas	   and	   their	  
functions	  will	  be	  further	  described	  below.	  
Room	  for	  the	  grey	  water	  tank	  and	  the	  rain	  water	  collector	   is	  also	  a	  part	  of	  the	  final	   layout	  
and	  integrated	  in	  the	  architectural	  functions	  of	  the	  space.	  The	  grey	  water	  tank	  is	  placed	  on	  
top	  of	  the	  Hobby	  Room	  integrated	  as	  a	  furniture	  on	  the	  terrace.	  The	  rain	  water	  collector	  is	  
placed	  on	  the	  on	  the	  ground	  level	  in	  the	  Sheltered	  Garden	  towards	  south	  alongside	  the	  east	  
wall	   of	   the	   Thermal	   Envelope.	   The	   collector	   is	   also	   integrated	   in	   the	   overall	   design	   of	  
EMBRACE	  but	  will	  act	  as	  a	  decorative	  water	  pool	  with	  the	  possibility	  to	  grow	  lettuce.	  A	  fresh	  
water	  tank	  is	  also	  placed	  by	  the	  Hobby	  Room	  towards	  the	  north	  and	  will	  have	  the	  function	  
as	  a	  bench.	  

05.2.5.2 - HOBBY ROOM 
The	   sharing	   concept	   and	   social	   connection	   in	   the	   urban	   context	   of	   EMBRACE	   can	   also	   be	  
found	   in	   the	   Hobby	   Room	   in	   the	   Sheltered	   Garden.	   The	   Hobby	   Room	   is	   created	   in	  
connection	  to	  the	  Thermal	  Envelope,	  so	  it	  can	  function	  as	  a	  terrace	  with	  direct	  access	  from	  
the	   first	   floor	   in	   the	   house.	   The	  Hobby	   Room	   is	   placed	   in	   the	   transversal	   direction	   of	   the	  
Thermal	   Envelope	   making	   a	   more	   private	   separation	   to	   the	   public	   entrance/exit	   hallway	  
along	  the	  north	  facade	  of	  the	  Weather	  Shield.	  The	  passage	  between	  the	  Hobby	  Room	  and	  
the	  Thermal	  Envelope	  is	  rather	  narrow	  to	  enhance	  the	  private	  space	  behind	  and	  thereby	  not	  
enter.	  
The	  Hobby	  Room	   is	   formed	  as	   a	   simple	   squared	   room	  with	   several	   possibilities	   for	   layout	  
and	  use	  of	  the	  space.The	  Gable	  Wall	  is	  placed	  at	  the	  east	  end	  of	  the	  Hobby	  Room,	  and	  is	  the	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Architecture	   84	  

	  

east	  bearing	  wall	  of	  the	  Hobby	  Room.	  The	  construction	  of	  the	  Hobby	  Room	  is	  made	  is	  three	  
elements	   which	   easily	   can	   be	   mounted	   and	   connected	   to	   the	   Gable	   Wall	   and	   the	   floor	  
modules.	   The	   terrace	   deck	   is	   mounted	   on	   site	   and	   consists	   of	   a	   simple	   beam	   and	   floor	  
boards	  system.	  Access	   to	   the	  Hobby	  Room	  will	  only	  be	  possible	   through	   the	  one	  entrance	  
and	  is	  	  placed	  on	  the	  west	  facade	  in	  the	  passage	  area,	  underneath	  the	  terrace.	  To	  enhance	  
the	  sharing	  concept	  and	  social	  connection	  the	  door	   is	  thought	  to	  be	  a	  sliding	  door,	  so	  that	  
different	   degrees	   of	   privacy	   can	  be	  made.	   The	  position	   of	   the	   door	   is	   placed	  on	   the	  west	  
facade	   to	   enhance	   the	   main	   entrance	   through	   the	   passage	   area.	   By	   only	   having	   one	  
entrance	  to	  the	  Hobby	  Room	  the	  layout	  inside	  can	  be	  made	  more	  freely	  and	  flexible.	  
Smaller	  openings	  with	  window	  sills	  are	  found	  on	  the	  north	  facade	  of	  the	  Hobby	  Room.	  The	  
idea	  of	  these	  openings	  is	  to	  connect	  the	  Hobby	  Room	  to	  the	  shared	  space,	  and	  allowing	  the	  
neighbours	  to	  share	  items	  through	  these	  spaces.	  The	  openings	  could	  be	  made	  very	  simple,	  
without	   glass	   but	   with	   shutters,	   so	   again	   different	   degrees	   of	   privacy	   could	   be	   made.	  
Underneath	   the	   openings	   a	   shared	   bench	   is	   found,	   for	   when	   the	   neighbours	   come	   and	  
collect	  the	  items.	  Beneath	  the	  bench	  the	  fresh	  water	  tank	  is	  placed.	  Sliding	  doors	  between	  
the	   Hobby	   Room	   and	   the	   Thermal	   Envelope	   could	   be	   used	   to	   gain	   ensure	   that	   different	  
degrees	  of	  privacy	  can	  easily	  be	  made.	  	  
	  

 

Plan drawing of the Hobby Room.  

 
The	   function	   of	   the	   Hobby	   Room	   is	   designed	   to	   be	   as	   flexible	   as	   possible,	   that	   the	   exact	  
content	  could	  change	  between	  the	  houses.	  This	  idea	  also	  makes	  it	  possible	  for	  the	  residents	  
to	  decide	  by	  themselves	  the	  function	  of	  the	  room.	  For	  instance	  one	  wants	  a	  laundry	  room,	  
and	  others	  wants	  a	  room	  for	  tools	  to	  gardening,	  to	  fix	  bikes,	  have	  storage	  etc..	   In	  this	  way	  
each	  inhabitant	  does	  not	  need	  to	  have	  all	  items	  and	  functions	  themselves	  but	  can	  exchange	  
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and	  borrow	  from	  each	  other.	  For	  the	  exhibition	  in	  Paris	  the	  function	  of	  the	  hobby	  room	  will	  
be	  a	  laundry	  room	  and	  have	  storage	  for	  tools	  for	  gardening.	  
 	  
Since	  the	  Hobby	  Room	  is	  unheated	  the	  construction	  can	  be	  as	  simple	  as	  possible	  to	  reflect	  
the	  simple	  function	  of	  the	  house	  with	  no	  need	  for	  insulation	  etc.	  	  
The	  construction	  will	  consist	  of	  a	  simple	  wooden	  beam/column	  structure.	  The	  load	  carrying	  
system	   will	   be	   wooden	   columns	   and	   covered	   on	   one	   side	   with	   wooden	   cladding.	   The	  
cladding	  is	  simple	  wooden	  boards	  that	  are	  mounted	  horizontally	  on	  the	  wooden	  columns.	  In	  
the	  two	  main	  walls	  smaller	  areas	  will	  be	  covered	  with	  wooden	  plates	  on	  the	  inside	  to	  ensure	  
stability	  of	  the	  gable	  wall.	  To	  integrate	  the	  railing	  for	  the	  terrace	  as	  natural	  as	  possible	  the	  
wooden	  structure	  of	  the	  Hobby	  Room	  will	  continue	  up	  as	  railings	  for	  the	  appropriate	  height	  
of	  0.8	  m.	  By	  doing	  so	  the	  Hobby	  Room	  will	  have	  the	  architectural	  expression	  as	  a	  simple	  and	  
independent	  structure	  in	  the	  Sheltered	  Garden.	  The	  terrace	  will	  then	  connect	  this	  structure	  
with	   the	   Thermal	   Envelope,	   having	   glass	   as	   railings	   as	   well	   as	   glass	   floor	   in	   between	  
underlining	  the	  idea	  of	  a	  bridge	  between	  the	  Hobby	  Room	  and	  the	  Thermal	  Envelope.	  
The	  overall	  architectural	  expression	  of	  the	  Hobby	  Room	  will	  be	  very	  simple	  and	  raw,	  having	  
materials	   as	   used	   other	   places	   in	   EMBRACE.	   The	   Hobby	   Room	   will	   connect	   the	   Thermal	  
Envelope	  with	  the	  Weather	  Shield.	  Upon	  the	  terrace	  the	  grey	  water	  tank	  will	  be	  integrated	  
as	  a	   furniture/sun	  bed	  covered	   in	   the	   same	  wooden	  cladding	  as	  on	   the	  Hobby	  Room.	  The	  
grey	  water	  tank	  needs	  to	  be	  close	  to	  the	  Gable	  Wall	   in	  order	  to	  use	  the	  water	  for	  a	  water	  
supply	   system	   for	   the	   plants	   in	   the	   gable	   wall.	   A	   smaller	   cleaning/purifying	   pool	   will	   be	  
located	  next	  to	  the	  grey	  water	  tank,	  so	  that	  the	  water	  is	  cleaned	  for	  soap	  particles,	  and	  will	  
be	  decorated	  with	  water	  plants.	  
 

  
Example on the simple structure of the Hobby Room. 

 
Detail	  drawings	  of	  the	  layout	  and	  construction	  of	  the	  Hobby	  Room	  can	  be	  found	  in	  the	  PD#6.	  
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05.2.5.3 - THE GABLE WALL 
The	  Gable	  Wall	  has	  been	  designed	  with	  multiple	  functions;	  acoustic	  regulating,	  plant	  wall	  for	  
vertical	   gardening,	   shading	   for	   the	   thermal	   envelope/sheltered	   garden	   and	   structural	  
support	  for	  the	  Weather	  Shield.	  The	  construction	  of	  the	  Gable	  Wall	  will	  be	  very	  simple	  with	  
a	  simple	  wooden	  system.	  Wooden	  columns	  will	  be	  placed	  to	  ensure	  structural	  load	  bearing	  
of	   the	  Weather	   Shield	   and	   closed	   wooden	   plates	   are	   placed	   in	   some	   area	   to	   obtain	   the	  
horizontal	  stability.	  
For	   the	   exhibition	   the	   south	   end	   of	   the	   Gable	  Wall	   will	   have	   a	  more	   closed	   architectural	  
expression	  whereas	  the	  north	  end	  will	  have	  an	  entrance	  area.	  The	  south	  part	  is	  thought	  to	  
have	   vertical	   farming	   integrated,	   and	   could	  be	  done	  by	   a	   very	   simple	   system	  described	   in	  
section	   ‘Plants	  and	  Urban	  Farming’.	  The	  open	  design	  of	  the	  Gable	  Wall	  and	  the	  vegetation	  
will	   help	   to	   reduce	   the	   acoustic	   problems	   of	   flutter	   echo,	   and	   the	   vegetation	  will	   absorb	  
some	  of	  the	  sound	  which	  will	  be	  reflected	  by	  the	  Weather	  Shield.	  Smaller	  areas	  of	  the	  south	  
end	   of	   the	   Gable	   Wall	   will	   need	   to	   have	   acoustic	   treatment	   of	   an	   scattering	   effect	   as	  
described	  in	  05.2.6.1	  -‐	  Acoustic	  treatment.	  The	  idea	  is	  to	  integrate	  several	  wooden	  blocks	  of	  
different	  sizes	   in	  different	   levels	  on	  the	  wall.	  The	   idea	   is	   to	   integrate	  this	  acoustic	  solution	  
with	  a	  seating	  area	  up	  against	  the	  Gable	  Wall	  and	  plants	  boxes	  near	  the	  floor.	  
The	  combination	  of	  closed	  area,	  acoustic	  wooden	  blocks	  and	  the	  plants	  will	  all	  be	  part	  of	  an	  
integrated	  design	  for	  achieving	  the	  correct	  amount	  of	  solar	  shading	  desired	  for	  the	  Thermal	  
Envelope.	  
 

05.2.5.4 - PLANTS AND URBAN FARMING 
Copenhagen	   was	   already	   in	   2007	   considered	   as	   a	   green	   capital	   of	   Europe,	   and	   the	  
municipality	  of	  Copenhagen	  has	  published	  a	  plan	  for	  the	  future	  to	  ensure	  that	  Copenhagen	  
can	  be	  seen	  as	  a	  green	  inspiration	  in	  2015	  and	  show	  that	  a	  green	  city	  environment	  can	  lead	  
to	  a	  better	  life	  in	  praxis.12	  EMBRACE	  should	  have	  a	  vertical	  garden	  at	  the	  Gable	  Wall	  in	  order	  
to	   fulfil	  and	  support	   the	   future	  dreams	  of	  Copenhagen.	  Even	   though	  EMBRACE	  might	  only	  
contributes	  to	  a	  small	   scale,	   the	  vertical	  garden	  can	  be	  seen	  as	  a	  small	  personal	  and	  small	  
community	  plan	  and	  will	  strengthen	  the	  sustainable	  aspect	  of	  EMBRACE.	  
	  
The	   urban	   farming	   of	   the	   gable	   wall	   is	   thought	   to	   be	   own	   production	   or	   shared	  
production.The	  vertical	  garden	  on	  the	  Gable	  Wall	  and	  smaller	  plants	  in	  the	  Sheltered	  Garden	  
will	   also	   improve	   the	   indoor	  environment	   and	   the	   inhabitants	  positively.	   In	   general	   plants	  
reduce	  ambient	  concentration	  of	  volatile	  organic	  compounds	  (VOCs),	  increase	  the	  humidity	  
and	   converts	   CO2	   into	   oxygen.	   It	   is	   proven	   that	   these	   three	   factors	   will	   lead	   to	   a	   better	  
indoor	   environment	   and	   an	   increased	   productivity,	   acceptance	   and	   comfort	   among	   the	  
inhabitants.13	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
12 Miljøforvaltningen. Miljømetropolen - Vores vision CPH 2015. Københavns Kommune 
13 Wolverton, B. C., A. Johnson and K. Bounds, "Interior Landscape Plants for Indoor Air 
Pollution Abatement," NASA/ALCA Final Report, Plants for Clean Air Council, Davidsonville, 
Maryland, 1989 
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The	  Vertical	  Garden	  will	  be	  made	  of	  a	  solution	  from	  the	  company	  “Deichmann	  Plants”	  with	  
fabric	  	  coverings	  with	  pockets	  to	  place	  the	  plants	  in.	  The	  coverings	  will	  be	  mounted	  between	  
the	  columns	  in	  the	  Gable	  Wall	  and	  each	  pocket	  has	  space	  for	  soil	  for	  the	  plants.	  

  
Deco Plants and principle of the vertical garden in combination with the Gable Wall. 

 
The	  plants	  need	   to	  be	  connected	   to	  a	  watering	  system,	  and	  a	  concept	  has	  been	  explored.	  
While	  designing	   the	   vertical	   garden,	  Rule	  51	   regarding	  no	  manual	  watering	  are	   taken	   into	  
consideration.	   The	   vertical	   garden	  will	   be	   watered	   using	   water	   from	   the	   grey	   water	   tank	  
which	  is	  placed	  on	  the	  terrace	  near	  the	  Gable	  Wall.	  The	  watering	  system	  is	  thought	  to	  be	  a	  
simple	  plastic	  wire	  system	  can	  be	  used	  to	  water	   the	  plants	  using	  gravity	   to	   lead	  the	  water	  
through	   the	   vertical	   garden.	   All	   the	   plant	   pots	   need	   to	   be	   connected	   with	   the	   watering	  
system,	   and	   it	   is	   though	   that	   larger	   tubes	   can	   be	   lead	   down	   to	   the	   grid	   and	   then	   smaller	  
tubes	  could	  go	  out	  to	  all	  the	  individual	  pots.	  The	  design	  is	  made	  without	  an	  electrical	  pump	  
since	  EMBRACE	  is	  a	  low-‐energy	  house.	  In	  this	  design	  it	  is	  crucial	  that	  the	  grey	  water	  tank	  is	  
placed	   higher	   than	   the	   plant	   grids	   to	   ensure	  watering	   by	   gravity.	   It	   is	   important	   that	   the	  
plants	   get	   the	   right	   amount	   of	  water,	   and	   therefore	  we	  will	   investigate	  what	   the	   optimal	  
amount	  of	  water	  is	  such	  that	  the	  system	  can	  be	  dimensioned	  after	  that.	  Spare	  water	  can	  be	  
lead	  down	  to	  the	  bottom	  of	   the	  Gable	  Wall	  where	   it	  can	  be	   lead	   into	  the	   integrated	  plant	  
beds	  with	  larger	  plants.	  
The	  advantages	  of	  the	  plant	  wall	  systems	  is	  that	   it	   is	  easy	  to	  maintain,	  they	  are	  decorative	  
and	  do	  not	  take	  up	  much	  floor	  space.	  The	  idea	  is	  to	  grow	  a	  lot	  of	  vegetables	  and	  herbs	  in	  a	  
very	   compact	   space,	   that	   does	  not	   influence	   the	   rather	   small	   floor	   space	   in	   the	   Sheltered	  
Garden.	  
The	  chosen	  plants	  should	  be	  easy	  to	  grow	  and	  in	  some	  degree	  robust,	  even	  though	  they	  are	  
protected	  from	  wind	  and	  weather	  by	  the	  Weather	  Shield.	  The	  temperature	  in	  the	  Sheltered	  
Garden	  will	   vary	   over	   the	   year	   and	   therefore	   the	   plants	   should	   be	   robust	   and	   planted	   in	  
seasons	  to	  fit	  this	  temperature	  variation.	  	  The	  plants	  that	  we	  grow	  up	  the	  walls	  must	  not	  be	  
too	  high	  or	  have	  too	  much	  leaf	  growth.	  These	  requirements	  are	  based	  on	  the	  weight	  of	  the	  
plants	   as	   well	   as	   the	   growing	   height	   available	   in	   the	   Gable	   Wall.	   Lettuce	   and	   herbs	   are	  
perfect	  for	  a	  plant	  wall.	  The	  lettuces	  have	  a	  short	  life,	  after	  which	  it	  will	  be	  possible	  to	  grow	  
new	  plants,	  salad	  and	  spinach	  would	  be	  an	  good	  option	  for	  this.	  Herbs	  are	  also	  optimal	  for	  
this	   method	   of	   growing,	   but	   it’s	   important	   that	   you	   are	   aware	   of	   how	   much	   water	   the	  
particular	  plant	  can	  tolerate.	  Some	  good	  herbs	  will	  be	  chives,	  mint,	  parsley,	  dill,	  lemon	  balm,	  
chinese	  chives	  and	  basil.	  
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At	   the	   plant	  walls	   it	   is	   not	   possible	   to	   grow	   larger	   plants	   like	   tomatoes,	   chili,	   aubergines,	  
peppers	  and	  cucumbers,	  because	  they	  will	  be	  too	  heavy,	  and	  they	  will	  shade	  for	  the	  other	  
plants,	  so	  therefore	  you	  have	  to	  grow	  larger	  plants	  in	  the	  integrated	  plant	  beds	  down	  at	  the	  
floor.	  Plants	  like	  thyme	  are	  best	  to	  grow	  in	  pots	  of	  sandy	  soil,	  since	  they	  do	  not	  tolerate	  large	  
amounts	  of	  water.	  
Some	   of	   the	   plants	   are	   especially	   good	   since	   they	   have	  multiple	  ways	   of	   being	   used	   like;	  
Chinese	  chives	  are	  good	  because	  you	  can	  both	  use	  the	  buds	  for	  food,	  while	  the	  plant	  itself	  
can	  be	  used	  in	  food	  as	  chives.	  Lavender	  can	  be	  used	  in	  desserts	  and	  cakes,	  but	  it’s	  important	  
that	   you	   place	   this	   plant	   in	   pots	   on	   the	   ground	   since	   they	   not	   tolerate	   large	   amounts	   of	  
water.	  
By	   choosing	   these	   plants	   and	   vegetables	   the	   inhabitants	   in	   EMBRACE	  will	   have	   access	   to	  
them	  all	  year	  round	  with	  a	  good	  variation.	  For	  the	  exhibition	  all	  plants	  will	  be	  bought	  in	  Paris	  
and	  will	  be	  grown	  beforehand.	  Team	  DTU	  finds	  this	  solution	  more	  sustainable	  than	  bringing	  
the	  plants	  from	  Denmark,	  since	  we	  avoid	  the	  transportation	  and	  damage	  to	  the	  plants.	  	  

    
References of plants growing at the vertical garden. 

 
The	  rainwater	  collector	  is	  placed	  in	  the	  south	  end	  of	  the	  sheltered	  garden,	  and	  the	  primarily	  
function	  is	  to	  collect	  rainwater	  from	  the	  weather	  shield.	  The	  rainwater	  collector	  is	  placed	  as	  
a	  small	  water	  pool	   in	  the	  south	  end	  of	  the	  sheltered	  garden,	  with	  a	  hydroponic	  agriculture	  
system.	   The	   rainwater	   collector	   should	   be	   able	   to	   contain	   300	   L,	   and	   should	   have	   a	  
rectangular	   shape.	  14	  The	   rainwater	   collector	   is	   made	   from	   simple	   wooden	   structure	   with	  
wooden	   boards	   and	   is	   made	   watertight.	   The	   water	   from	   the	   weather	   shield	   is	   collected	  
through	  a	  gutter	  which	  leads	  down	  to	  the	  collector.	  The	  water	  can	  rise	  the	  required	  height	  
and	  the	  architectural	  expression	  will	  be	  a	  water	  pool	  where	  lettuce	  can	  be	  grown.	  A	  floating	  
layer	  is	  placed	  in	  the	  collector	  with	  small	  holes	  for	  insertion	  of	  water	  plants.	  	  

05.2.5.5 - RESTING AREAS 
The	  Sheltered	  Garden	  should	  consist	  of	  resting	  areas	  that	  invite	  the	  inhabitants	  to	  relax	  and	  
enjoy	  the	  environment	  under	  the	  Weather	  Shield.	  There	  should	  be	  room	  for	  relaxation	  with	  
garden	   table	   and	   comfortable	   chairs	   that	   are	   inviting	   as	   places	   for	   reading	   and	   coffee	  
drinking	  as	  well	  as	  social	  get	  togethers.	  The	  resting	  area	  of	  the	  Sheltered	  Garden	  is	  designed	  
so	  it	   is	   integrated	  in	  the	  gable	  wall	  with	  the	  wooden	  boxes	  as	  well	  as	  movable	  and	  flexible	  
furnitures	   such	   as	   folding	   tables	   and	   small	   garden	   chairs.	   The	   integrated	   furniture	   in	   the	  
Gable	  Wall	   is	   designed	   as	  wooden	   boxes	  with	   pillows	   next	   to	   the	   vegetation	   in	   the	   other	  
boxes,	  and	  the	  idea	  is	  to	  create	  a	  space	  where	  the	  inhabitants	  can	  get	  close	  to	  nature	  and	  
forget	  that	  EMBRACE	  is	  placed	  on	  a	  rooftop	  in	  an	  urban	  context.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
14 Technical Note: Grey water reuse and the rainwater collection. 
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When	  choosing	  materials,	   the	   idea	  of	   recycling	  and	  upcycling	  has	  played	  a	  significant	   role,	  
enforcing	  the	  occupants	  to	  a	  sustainable	  behaviour	  and	  way	  of	  living.	  The	  Life	  Cycle	  is	  crucial	  
and	  therefore	  the	  materials	  have	  to	  be	  chosen	  according	  to	  the	  entire	  lifespan,	  from	  a	  raw	  
material	  to	  its	  second-‐life.	  The	  materials	  selected	  for	  the	  dwelling	  reflect	  these	  aspects,	  and	  
a	  minimalistic	  approach	  has	  been	  used.	  	  
According	   to	   information	   about	   types	   of	   windows	   and	   doors	   it’s	   referred	   to	   chapter	   12.	  
Project	  Specifications.	  	  
	  
The	   choice	   of	  material,	   both	   interior	   and	   exterior,	   has	   an	   influence	   on	   the	   perception	   of	  
Embrace.	   Therefore	   it	   is	   important	   to	   state	   an	   aesthetic	   design	   strategy	   for	   the	   choice	   of	  
materials.	  
The	   following	   section	   will	   discuss	   choice	   of	   material.	   The	   architectural	   group	   have	   been	  
working	  with	   following	  keywords:	   raw,	  minimalistic,	  Scandinavian,	   light,	   sustainable.	  Other	  
aspects	  such	  as:	  low	  maintenance,	  focus	  on	  local	  products	  and	  water	  resistance	  also	  have	  an	  
influence	  on	  the	  choice	  of	  exterior	  cladding.	  
	   

05.2.6.1 - INTERIOR MATERIALS 
In	   the	   Thermal	   Envelope	  a	   final	   choice	  of	  material	   has	  primarily	   been	  made	  based	  on	   the	  
aesthetic,	   acoustic,	   daylight,	   costs	   and	   an	   easy	   transportation.	   However	   an	   aspect	   like	  
thermal	  conductivity	  for	  the	  flooring	  was	  also	  important,	  and	  had	  to	  be	  taking	  into	  account	  
when	  choosing	  the	  materials.	  
	  	  
To	   obtain	   a	   good	   acoustic	   environment	   in	   the	   living	   room,	   an	   acoustic	   panel,	   wood	  wool	  
boards,	   from	   a	   Danish	   company	   called	   Troldtekt	   are	   chosen.	   These	   panels	   have	   high	  
absorption	  coefficients,	  which	  are	  needed	  to	  respect	  the	  requirements	  for	  the	  reverberation	  
time	   in	   the	   living	   room.	   Often	   these	   acoustic	   panels	   are	   placed	   on	   the	   ceiling	   and,	   in	  
Denmark,	  often	  associated	  to	  schools	  and	  office	  buildings.	  
In	   EMBRACE	   the	   Troldtekt	   panels	   should	   also	   be	   placed	   on	   the	   ceiling,	   however	   the	  
architectural	  group	  chose	  to	  put	  the	  panels	  on	  the	  southern	  wall	  and	  northern	  tilted	  wall	  as	  
well.	  In	  that	  way	  the	  material	  is	  used	  in	  an	  alternative	  way,	  and	  also	  the	  surfaces,	  which	  fold	  
around	  the	  house	  are	  covered	  to	  underline	  the	  shape	  of	  the	  house.	  
Since	  the	  Troldtekt	  panels	  have	  a	  rather	  rough	  structure,	  and	  is	  not	  plane	  and	  neutral	  as	  for	  
instance	  a	  gypsum	  wall,	   it	   is	  assessed	  that	  a	  house	  covered	  entirely	   in	  the	  Troldtekt	  panels	  
would	  be	  to	  much,	  and	  would	  create	  a	  rather	  boring	  house,	  with	  no	  variation	  and	  beauty.	  	  
	  	  
In	  relation	  to	  the	  acoustic	  panels,	  which	  have	  a	  bright	  colour	  and	  a	  rough	  structure,	  vertical	  
wooden	  boards	  for	  the	  rest	  of	  the	  interior	  walls	  have	  been	  chosen.	  Using	  wood	  in	  the	  house	  
will	  underpin	  the	  vision	  of	  a	  raw	  and	  minimalistic	  home.	  Also	  wood	  is	  a	  sustainable	  material,	  
and	  will	  thereby	  underline	  the	  whole	  concept	  of	  EMBRACE.	  The	  boards	  should	  be	  plane	  and	  
uniform	   to	   give	   a	   simple	   surface	   in	   relation	   to	   the	   Troldtekt	   panels.	   The	   interior	   walls	   is	  
cladded	  with	  the	  vertical	  wooden	  boards	  as	  well,	  just	  painted	  white	  instead.	  	  

05.2.6 - MATERIALS 
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Technical	   demands	   for	   the	   flooring	   have	   dominated	   the	   choice	   of	   material,	   however	   a	  
material,	   which	   relates	   to	   the	   Troldtekt	   panels	   and	   the	   wooden	   boards	   have	   been	  
prioritized.	   Primarily	   the	   floor	   heating	   state	   some	  desirable	   requirements	   for	   the	   flooring,	  
but	  also	  the	  transportation	  limits	  the	  choices.	  Based	  on	  requirements	  from	  the	  sub-‐contest	  
groups	   the	   architectural	   group	   have	   decided	   to	   cover	   the	   floor	   with	   tiles.	   Here	   a	   darker	  
colour	   has	   been	   chosen,	   to	   give	   some	   edge	   and	   contrast	   to	   the	   minimalistic	   and	   light	  
expression.	  	  
To	  spread	  the	  light	  from	  the	  skylight	  to	  the	  bedroom	  and	  kid	  cave	  on	  first	  floor	  the	  division	  
walls	  parallel	  to	  the	  south	  and	  north	  facade	  is	  made	  of	  translucent	  corrugated	  plastic	  panels.	  	  
 

   
The chosen materials for interior surfaces. 

 

05.2.6.2 - EXTERIOR MATERIALS 
The	  materials	  in	  the	  Sheltered	  Garden	  are	  primarily	  chosen	  based	  on	  acoustic	  requirements.	  
However	  other	  aspects	   like	  maintenance,	   transportation,	  architecture	  and	  economics	  have	  
to	  be	   taken	   into	   account	   as	  well	  when	   choosing	   the	  materials.	   The	  design	   strategy	  of	   the	  
materials	   include	   the	   keywords;	   raw,	   minimalistic,	   Scandinavian,	   light,	   sustainable.	   Other	  
aspects	   such	  as:	   low	  maintains,	   focus	  on	   local	  products	  and	  water	   resistance	  also	  have	  an	  
influence	  on	  the	  choice	  of	  materials.	  A	  brief	  overview	  of	  the	  requirements	  and	  the	  chosen	  
material	  for	  each	  surface	  in	  the	  Sheltered	  Garden	  will	  be	  given	  below.	  	  
At	  site	  the	  eastern	  wall	  of	  the	  Thermal	  Envelope	  should	  be	  covered	  with	  acoustic	  absorbers	  
from	   the	   Danish	   company	   Troldtekt	   with	   a	   thickness	   of	   35	  mm.	   The	   rest	   of	   the	   Thermal	  
Envelope	  will	  on	  site	   just	  be	  finished	  with	  the	  osb	  plate.	  At	  Nordhavn	  EMBRACE	  should	  be	  
covered	  entirely	  in	  Troldtekt	  panels.	  The	  acoustical	  panels	  are	  typically	  used	  indoor,	  and	  are	  
chosen	  for	  EMBRACE	  to	  underline	  the	  concept	  of	  a	  house	  under	  a	  shield,	  which	  should	  fulfil	  
other	  requirements	  than	  a	  normal	  house.	  
The	  flooring	  in	  the	  Sheltered	  Garden	  will	  be	  made	  of	  wooden/plastic	  composite	  material	  in	  
light	  grey.	  The	  Hobby	  Room	  consist	  of	  a	   simple	  wooden	  structure	  covered	  with	  horizontal	  
boards	  with	  a	  dimension	  of	  19	  mm	  x	  100	  mm.	  The	  boards	  should	  be	  placed	  with	  a	  distance	  
of	  20	  mm,	  in	  order	  to	  emphasize	  the	  simple	  concept	  of	  a	  shed.	  The	  facade	  cladding	  used	  for	  
the	  Hobby	  Room	  will	   continue	  onto	   the	  deck	  on	   the	  Sheltered	  Garden	  and	  on	   the	   terrace	  
above	  the	  Hobby	  Room,	  and	  should	  be	  used	  as	  railing	  for	  the	  terrace.	  As	  described	  in	  section	  
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‘Hobby	  room’	  	  the	  floor	  and	  railing	  of	  the	  terrace	  between	  the	  Hobby	  Room	  and	  the	  Thermal	  
Envelope	  is	  be	  made	  of	  glass.	  
	  

     

Troldtekt acoustic 
plates 

Wooden boards for 
facade cladding on 

the hobby room 

Composite wooden 
boards from “Deco 

Plants” 

OBS boards on 
parts of the 

Thermal Envelope 

Glass  as railing on 
the terrace 

Examples	  on	  the	  exterior	  materials	  

 
 
 
 

In	  the	  project	  of	  EMBRACE	  reconfigurable	  features	  are	  integrated	  to	  add	  some	  flexibility	  to	  a	  
dense	  dwelling.	  The	  reconfigurable	  features	  are	  defined	  as	  integrated	  furnitures,	  which	  can	  
be	  moved,	  used	   for	  different	  purposes	  and	  change	   the	   room	  and	  space	  around	   it	   in	   some	  
cases.	  There	  are	  four	  features	  like	  this	  inside	  the	  dwelling,	  which	  can	  be	  seen	  on	  the	  figure	  
below	  and	  will	  be	  described	  in	  this	  section.	  	  

 
Diagram showing the reconfigurable features 

 

05.2.7 - SUMMARY OF RECONFIGURABLE FEATURES 
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05.2.7.1 - ENTRANCE FURNITURE 
The	  first	  reconfigurable	  feature	  to	  mention	  is	  the	  entrance	  furniture,	  marked	  by	  circle	  1	  on	  
the	  Figure	  17.	  The	  entrance	   is	   located	  right	  between	  the	  kitchen/living	   room	  area	  and	  the	  
flexible	   room.	   The	   entrance	   furniture	   is	   designed	   to	   divide	   the	   different	   functions	   in	   the	  
house	  and	  to	  make	  a	  more	  functional	  entrance.	  The	  furniture	  is	  located	  in	  the	  entrance	  right	  
between	   the	   bathroom,	   flexible	   room,	   kitchen	   and	   entrance.	   This	   furniture	   has	   several	  
functions,	   which	   makes	   it	   unique	   and	   adaptable	   to	   the	   needs	   of	   the	   inhabitants.	   three	  
different	   scenarios,	   where	   different	   functions	   of	   the	   furniture	   could	   be	   beneficial	   are	  
explained	  in	  the	  following.	  
	  
Scenario	  1:	  The	  furniture	  is	  like	  a	  closed	  closet	  accessible	  from	  both	  the	  side	  of	  the	  entrance	  
and	   the	   side	   of	   the	   bathroom.	   It	   could	   for	   example	   contain	   shoes	   and	   jacket.	   Passage	  
between	  the	  flexible	  room	  and	  kitchen	  area	  are	  open.	  
	  
Scenario	  2:	  The	  closet	  can	  be	  separated	  on	  the	  middle	  and	  the	  one	  half	  close	  to	  the	  entrance	  
is	   turned	   to	   the	   right	   closing	   the	   passage	   to	   the	   flexible	   room.	   On	   the	   other	   half	   of	   the	  
furniture	  the	  door	  of	  the	  closet	  is	  open	  functioning	  as	  a	  door	  to	  the	  flexible	  room.	  In	  this	  way	  
the	  flexible	  room	  is	  functioning	  as	  an	  independent	  room.	  	  
This	  situation	  could	  be	  desirable	  if	  the	  flexible	  room	  is	  used	  as	  a	  bedroom	  for	  a	  child	  or	  for	  a	  
guest	  because	  it	  enables	  privacy	  while	  the	  closet	  door	  provides	  an	  easy	  access	  to	  the	  room	  
and	  the	  rest	  of	  the	  house.	  	  
	  
Scenario	  3:	  In	  this	  situation	  the	  door	  of	  the	  closet	  is	  openable	  towards	  the	  other	  side	  so	  the	  
passage	  is	  closed	  between	  the	  bathroom	  and	  the	  kitchen	  area.	  This	  situation	  covers	  a	  daily	  
situation	  where	  it	  can	  be	  desirable	  to	  have	  the	  functions	  more	  separated	  from	  each	  other.	  
 
 

 
Scenario 1 

 
Scenario 2 

 
Scenario 3 

 
Flexibility of entrance furniture 
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Reference pictures 

05.2.7.2 - KITCHEN ISLAND 
The	  reconfigurable	  furniture	  is	  marked	  by	  circle	  2	  on	  Figure	  17.	  The	  kitchen	  is	  designed	  very	  
compact	   and	   is	   divided	   into	   two	   areas.	   The	   main	   area	   is	   the	   integrated	   kitchen	   in	   the	  
technical	   core,	   which	   contains	   all	   the	   technical	   devices	   and	   water	   connections.	   The	  
secondary	  but	  just	  as	  important	  is	  a	  kitchen	  island.	  The	  kitchen	  island	  is	  located	  in	  the	  center	  
of	   the	   room	   right	   between	   the	   integrated	   kitchen	   and	   the	   double	   door	   towards	   the	  
Sheltered	  Garden.	  This	  table	  can	  be	  used	  as	  an	  extension	  of	  the	  working	  area	  in	  the	  kitchen	  
but	  also	  as	  a	  dining	  table.	  Since	  the	  kitchen	  island	  have	  two	  functions	  it’s	  possible	  to	  move	  it	  
if	   needed	   and	  wanted	   in	   different	   occasions	   as	   seen	   on	   the	   figures	   below.	   This	   could	   be	  
practical	   if	   the	   inhabitants	   for	   example	   have	   guests	   one	   day	   and	  more	   space	   around	   the	  
table	   is	  needed,	   then	   it	  can	  be	  pulled	   longer	  and	  moved	  a	  bit	  away	   from	  the	  kitchen.	  This	  
furniture	   gives	   thereby	   a	   big	   flexibility	   for	   the	   inhabitants	   during	   the	   daily	   life.	   The	  
placement	  next	  to	  the	  double	  doors	  	  gives	  a	  softer	  transvision	  from	  the	  inside	  to	  the	  outside	  
and	  can	  function	  as	  one	  big	  room	  together	  with	  the	  Sheltered	  Garden	  on	  hot	  days	  where	  the	  
doors	  are	  open.	  	  
 
 

  
Flexibility of kitchen island 
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No	  requirements	  are	  set	  by	  SDE	  for	  the	  acoustic	  environment	  in	  the	  Sheltered	  Garden,	  but	  
Team	  DTU	   regards	   this	  as	  an	   important	  part	  of	   the	   total	  perception	  of	   the	  EMBRACE,	  and	  
has	   therefore	   investigated	   how	   the	   acoustic	   conditions	   in	   the	   Sheltered	   Garden	   will	   be.	  
Team	  DTU	  wants	  to	  create	  a	  room	  that	   is	  more	  or	   less	  similar	  to	  outdoor	  conditions,	  since	  
the	  room	  should	  be	  used	  as	  a	  semi-‐outdoor	  space.	  An	  outdoor	  space	  can	  be	  characterized	  as	  
a	   very	   simple	   acoustic	   case,	   since	   the	   sound	   waves	   spreads	   out	   freely	   from	   the	   source,	  
assuming	  no	  obstacles	  and	  then	  attenuates	  with	  distance.	  It	  is	  almost	  impossible	  to	  imitate	  
these	  conditions,	  when	  one	  has	  an	  enclosed	  space	  like	  the	  room	  under	  the	  weather	  shield.	  
In	   an	   enclosed	   space	  multiple	   reflections	   from	  walls,	   ceiling	   and	   floor	  will	   result	   in	   a	   very	  
complex	  sound	  field.	  Primarily	  the	  reverberation	  time	  and	  different	  types	  of	  echo	  have	  been	  
investigated	  in	  the	  Sheltered	  Garden	  and	  the	  guidelines	  are:	  
	  
-‐	  The	  reverberation	  time	  has	  to	  be	  approximately	  0.8-‐1.0	  sec15	  
-‐	  A	  minimum	  amount	  of	  echo	  can	  occur	  
-‐	  No	  focusing	  or	  flutter	  echo	  should	  occur	  
	  
A	  reverberation	  time	  of	  0.8-‐1.0	  sec	  is	  chosen	  as	  a	  guideline	  based	  the	  desire	  to	  achieve	  clear	  
articulation	  of	  speech.	  
If	  a	  design	  has	  geometry	  with	  hard	  surfaces	  and	  parallel	  walls	  echo	  is	  likely	  to	  occur.	  Echoes	  
are	   caused	   by	   sound	   paths	   arriving	   at	   least	   50	   ms	   after	   the	   direct	   sound.	   Echo	   has	   an	  
influence	   on	   the	   clearance	   and	   articulation	   of	   speech,	   and	   therefore	   it	   is	   important	   to	  
minimize	  the	   likelihood	  of	  echo	  to	  occur.	  Flutter	  echo	   is	  a	  certain	  type	  of	  echo	  that	  occurs	  
between	  two	  parallel	  walls	  and	  occurs	  if	  lined	  clusters	  occur	  after	  50	  ms.	  	  
Simulations	   have	   been	   conducted	   in	   Odeon	   and	   problems	   with	   flutter	   echo	   was	   seen.	  
Several	  investigations	  were	  made	  to	  minimize	  the	  problem	  e.g	  different	  design	  of	  the	  gable	  
wall.	  One	  has	  to	  keep	  in	  mind	  that	  the	  simulations	  represent	  a	  rather	  empty	  room	  and	  that	  
some	  of	  the	  echo	  will	  disappear	  when	  furnished.	  	  
The	  acoustic	  environment	   in	   the	  Thermal	  Envelope	  has	  been	   investigated	  as	  well,	   and	   the	  
results	  will	  be	  presented	  in	  the	  constructive	  narrative,	  since	  documentation	  in	  this	  section	  is	  
required.	  

05.2.8.1 - ACOUSTIC TREATMENT IN THE SHELTERED GARDEN 
The	  acoustic	   team	  tried	   to	  come	  up	  with	  a	  design	  solution	  to	  solve	   the	   flutter	  echo	   in	   the	  
Sheltered	  Garden,	  which	  did	  not	  alter	  the	  existing	  design	  too	  much	  and	  one	  that	  could	  easily	  
be	  implemented	  in	  the	  design	  of	  the	  Gable	  Wall.	  
An	  acoustic	  parameter	  that	  can	  be	  used	  to	  describe	  the	  roughness	  of	  a	  material	  is	  called	  the	  
scattering	   coefficient.	   This	   parameter	   defines	   how	   uneven	   or	   rough	   the	   structure	   of	   the	  
material	  is.	  The	  structure	  of	  the	  facade	  has	  an	  influence	  on	  how	  the	  sound	  is	  reflected	  by	  the	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
15  Maekawa, Z.: Environmental and Architectural acoustics, 1997, Spon Press.  

05.2.8 - ACOUSTIC PERFORMANCE IN THE WEATHER SHIELD 
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wall	  and	  further	  investigations	  showed	  that	  a	  solution	  where	  one	  of	  the	  parallel	  walls	  has	  a	  
high	  scattering	  coefficient	  eliminates	  the	  problem	  with	  flutter	  echo.	  
 

  
Example on how the scattering coefficient has an influence on the distribution of the sound. 

 
The	  amount	  of	  scattering	  area	  and	  placement	  of	  it	  has	  a	  large	  influence	  on	  the	  flutter	  echo.	  
The	  height	  of	  the	  scattering	  area	  is	  important,	  since	  it	  needs	  to	  be	  in	  the	  height	  of	  the	  source	  
for	   instance	   a	   source	   could	   be	   a	   human	   speaking.	   The	   best	   placement	   would	   be	   on	   the	  
whole	  facade	  in	  a	  2	  m	  high	  band.	  The	  scattering	  effect	  will	  be	  a	  result	  of	  the	  design	  of	  the	  
Gable	  Wall,	  with	  the	  very	  uneven	  surface.	  As	  described	  earlier	  the	  gable	  wall	  will	  consists	  of	  
a	  wooden	  beam/column	  system	  with	  a	  vertical	   garden	   integrated	  on	   steel	  wires.	   In	  minor	  
areas	  the	  Gable	  Wall	  will	  be	  open.	  Close	  to	  the	  ground	  floor	  wooden	  plantboxes	  are	  made	  as	  
well	  as	  integrated	  wooden	  sitting	  areas.	  	  
To	  obtain	  the	  desired	  reverberation	  time	  in	  the	  Weather	  Shield	  absorptive	  material	  has	  been	  
placed	  on	  the	  east	  wall	  of	  the	  thermal	  envelope.	  The	  material	   is	  from	  the	  Danish	  company	  
Troldtekt.	  

05.2.8.2 - ACOUSTIC PRIVACY IN THE URBAN CONCEPT 
The	  circulation	  of	  sounds	  in	  the	  EMBRACE	  has	  been	  discussed	  and	  taken	  into	  account	  during	  
the	  design	  procedure.	  As	  mention	  in	  the	  UDTA	  section	  (5.1.1.2),	  the	  house	  will	  be	  placed	  in	  
the	  Nordhavn.	   The	   area	   in	   general	   is	   not	   considered	   noisy,	   nevertheless	   some	   parts	   have	  
increased	  noise	  levels	  due	  to	  road	  and	  railway	  noise.	  Unfortunately	  EMBRACE	  will	  be	  placed	  
in	  one	  of	  the	  relatively	  noisy	  areas,	  the	  average	  noise	  levels	  are	  about	  60	  to	  65	  dB	  within	  the	  
day	  as	  can	  be	  seen	  in	  the	  following	  picture.	  The	  measurements	  have	  been	  implemented	  by	  
the	  Danish	  ministry	  of	  environment	  and	  are	  considered	  valid.	  
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Noise levels during the day in Nordhavn area, purple color: 70-75 dB, red color: 65-70dB, orange color: 

60-65 dB, yellow color: 55-60 dB. Noise map of the Danish ministry of environment. 
  
During	   the	  night	   the	  average	  noise	   levels	   in	   the	  area	  are	  decreased	  to	  50-‐55	  dB	  as	  can	  be	  
seen	  in	  the	  following	  picture.	  	  
 

 
Noise levels during the day in the Nordhavn area, red color: 65-70dB, orange color: 60-65 dB, yellow 

color: 55-60 dB, green color: 50-55dB. Noise map of the Danish ministry of environment. 
 
As	  mentioned	  in	  the	  engineering	  &	  construction	  section(5.3.2.3),	  the	  walls	  of	  the	  house	  are	  
designed	  to	  provide	  at	  least	  42dB	  of	  sound	  insulation.	  The	  Weather	  Shield,	  which	  is	  a	  tripled	  
glazed	   construction,	   will	   also	   provide	   sound	   insulation,	   although	   the	   exact	   value	   is	   not	  
available	  at	  this	  stage	  (nevertheless	  it	  will	  be	  measured	  when	  the	  house	  is	  build).	  
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If	   we	   account	   for	   the	   standardized	   level	   difference	   equation	   (ISO	   140:5),	   without	   the	  
influence	   of	   the	  Weather	   Shield,	   this	   results	   to	   about	   18-‐23	   dB	   of	   noise	   levels	   inside	   the	  
house	  during	  the	  day	  and	  8-‐13	  dB	  during	  the	  night.	  It	  is	  important	  to	  mention	  that	  these	  are	  
dB	  levels	  and	  not	  dBA	  levels.	  It	  is	  known	  that	  a	  moderate	  annoyance	  of	  the	  residents	  inside	  
the	  house	  starts	  from	  30	  dBA	  and	  higher	  levels	  (according	  to	  WHO	  guidelines	  for	  community	  
noise,1999).	   Therefore	   the	   EMBRACE	   residents	  will	   not	   be	   annoyed	   by	   the	   outdoor	   noise	  
when	  the	  windows	  of	  the	  house	  are	  kept	  closed.	  
	  	  
On	  the	  other	  hand	  when	  the	  residents	  wish	  to	  open	  the	  windows	  of	  the	  east	  wall	  there	  is	  a	  
chance	   that	   they	   will	   be	   annoyed	   by	   the	   outdoor	   noise.	   The	   positive	   thing	   about	   the	  
placement	  of	  the	  house	  is	  that	  the	  major	  noise	  sources	  are	  located	  to	  the	  west	  of	  the	  house	  
and	  the	  west	  wall	  does	  not	  include	  any	  windows	  or	  doors.	  Therefore	  the	  annoyance	  of	  the	  
residents	   inside	   the	  house	  with	  opened	  windows,	  depends	  on	   the	   sound	   insulation	  of	   the	  
Weather	  Shield,	  which	  as	  mentioned	  before	  it	  is	  not	  known	  at	  this	  stage.	  The	  same	  applies	  
for	  the	  annoyance	  of	  the	  residents	  in	  the	  Sheltered	  Garden.	  
	  	  
All	   in	   all	   there	   is	   a	   chance	   that	   the	   residents	  will	   be	   annoyed	   from	   the	  noise	   levels	   in	   the	  
Sheltered	  Garden	  and	  inside	  the	  house	  when	  the	  windows	  are	  open.	  In	  this	  unfortunate	  case	  
there	  is	  still	  the	  solution	  to	  place	  noise	  barriers	  next	  to	  the	  road	  and	  railway	  in	  collaboration	  
with	  the	  Danish	  ministry	  of	  environment	  .	  This	  is	  a	  common	  practice	  in	  Copenhagen	  in	  such	  
cases.	   Another	   common	   practice,	   mainly	   implemented	   in	   roads	   is	   the	   noise	   reduction	  
asphalt	  which	  is	  inspected	  by	  the	  Danish	  road	  directorate.	  
	  
The	  circulation	  of	  sound	  in	  the	  interior	  of	  the	  house,	  for	  example	  when	  one	  of	  the	  residents	  
wants	  to	  sleep	  in	  the	  bedroom,	  while	  another	  watches	  TV	  in	  the	  living	  room	  also	  has	  been	  
taken	   into	   account.	   In	   order	   to	   make	   sure	   that	   the	   bedroom	   area	   is	   quiet	   as	   possible,	  
acoustic	  material	   of	   high	   absorption	   has	   been	   placed	   on	   the	  whole	   surface	   of	   the	   ceiling	  
among	  with	  the	  surface	  of	  the	  south	  and	  north	  upper	  wall.	  In	  this	  way	  the	  bedroom	  area	  will	  
be	   kept	   as	   quiet	   as	   possible,	   as	   can	   be	   seen	   in	   the	   following	   picture	   (ODEON),	   which	  
illustrates	  the	  sound	  field	  when	  a	  noise	  source	  is	  placed	  in	  the	  living	  room.	  
 

 
The sound field inside the house for a noise source placed in the living room. 
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The	   stairs	   leading	   to	   the	  bedroom	   is	  another	  possible	  noise	   source	  because	   the	  vibrations	  
from	   footsteps	   can	   propagate	   to	   other	   areas	   of	   the	   house.	   For	   this	   reason	   the	   stairs	   will	  
feature	  a	  damping	  material	   in	  the	  connections	  with	  the	   lower	  and	  upper	   floor.	   In	  this	  way	  
the	   sound	  vibrations	   from	   the	   stairs	  will	  be	  prevented	   from	  propagating	   to	  other	  areas	  of	  
the	  house.	  This	  will	  be	  done	  in	  collaboration	  with	  the	  construction	  company.	  
	  
Another	  possible	  noise	  source	  in	  the	  interior	  of	  the	  house	  is	  the	  ventilation	  system.	  During	  
the	   designing	   procedure	   the	   appropriate	   number	   of	   expansion	   chambers	   have	   been	  
integrated	   in	   the	   ventilation	   system.	   The	   expansion	   chambers	   provide	   attenuation	   of	   the	  
noise	   levels	   due	   to	   the	   impedance	   mismatch	   between	   the	   ducts	   and	   the	   expansion	  
chambers.	  The	  latest	  ventilation	  design	  can	  be	  observed	  below.	  
	  

 
Latest design of the ventilation system -  

expansion chambers (sound attenuators) are placed prior to the grilles 
  
When	  the	  house	  is	  constructed	  the	  noise	  levels	  of	  the	  ventilation	  system	  will	  be	  measured.	  
In	   case	   the	   noise	   levels	   are	   higher	   than	   expected,	   a	   layer	   of	   micro-‐perforated	   sound	  
absorber	  will	  be	  placed	  on	  the	  inner	  surfaces	  of	  the	  duct.	  The	  layers	  are	  very	  thin	  thus	  they	  
do	  not	  influence	  the	  system’s	  performance.	  
 

05.2.8.3 - SOUND CIRCULATION FOR MULTIPLE HOUSING UNITS 
The	  acoustic	  environment	  also	  needs	  to	  be	  addressed	  when	  EMBRACE	  is	  placed	  in	  the	  urban	  
concept	  of	  Nordhavn.	  When	  multiple	  housing	  units	  are	  combined,	  an	  open	  corridor	  will	  be	  
created	  towards	  north	  under	  the	  Weather	  Shield	  and	  the	  corridor	  is	  also	  connected	  directly	  
to	   the	  private	   space	  between	   the	  houses.	   The	   acoustic	   environment	   is	   examined	   in	   these	  
areas	  to	  investigate	  the	  sound	  distribution.	  
An	   investigation	   was	  made	   to	   see	   the	   sound	   distribution	   in	   the	   corridor,	   if	   the	   source	   is	  
placed	  in	  the	  Sheltered	  Garden.	  The	  sound	  is	  reflected	  by	  the	  facades	  and	  the	  roof	  and	  kept	  
more	  or	  less	  inside	  the	  private	  area.	  Only	  some	  sound	  is	  reflected	  to	  the	  corridor,	  primarily	  
through	  the	  passage	  between	  the	  house	  and	  flexible	  room	  as	  well	  as	  over	  the	  flexible	  room.	  	  	  
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An investigation of the sound distribution in comparison with the private vs. the shared areas.	   

 
The	   sound	  distribution	   is	   the	   corridor	   is	   investigated	  and	  here	   it	   is	   seen	   that	   there	  are	  no	  
obstacles	  that	  reflect	  the	  sound	  distribution	  and	  therefore	  the	  sound	  will	  travel	  undisturbed	  
through	   the	  corridor.	  This	  distribution	  will	   result	   in	   the	  occupants	  being	  able	   to	  hear	  each	  
other	  from	  housing	  unit	  to	  housing	  unit	  through	  the	  corridor.	  A	  shared	  sound	  distribution	  is	  
seen	  in	  the	  corridor	  while	  a	  more	  private	  sound	  distribution	  is	  seen	  in	  the	  private	  areas.	  In	  
case	  the	  individual	  residents	  are	  annoyed	  by	  their	  neighbour	  noise,	  they	  will	  have	  the	  option	  
to	  close	  this	  area.	  	  
	  

	   
 
 
 

The	  exterior	  exhibition	  area	  of	   the	  embrace	   is	   the	   link	  between	  EMBRACE	  and	   its	   visitors.	  
The	   area	   around	   the	   building	   will	   be	   taken	   full	   advantage	   of	   to	   participate	   vividly	   in	   the	  
“experience	  of	  EMBRACE”.	  The	  exhibition	  area	  around	  EMBRACE	  will	  be	  constructed	  out	  of	  
timber	   cladded	   by	   a	   wooden	   deck.	   The	   height	   will	   be	   maximum	   40	   cm	   and	   adjustable	  
columns	   will	   level	   out	   any	   height	   differences	   that	   may	   appear	   on	   the	   lot	   when	   arriving.	  
There	  will	  be	  two	  ramps	  for	  accessing	  the	   lot;	   the	  entrance	  ramp	  on	  the	  east	  side	  and	  the	  
exit	  ramp	  on	  the	  north.	  The	  ramps	  will	  be	  1.4m	  wide	  and	  have	  a	  slope	  of	  3.9%.	  	  
	  
All	   of	   the	   equipment	   needed	   for	   the	   deck	  will	   be	   purchased	   in	   Paris	   and	   preferably	   near	  
Versailles	  in	  order	  to	  minimize	  transport	  costs	  but	  also	  pollution	  due	  to	  transportation	  and	  
the	  CO2	  footprint	  of	  EMBRACE.	  We	  are	  already	  in	  touch	  with	  local	  carpenters	  near	  the	  Cite	  
du	  Soleil	  in	  order	  to	  arrange	  the	  construction.	  Continuing	  this	  thought,	  the	  DTU	  Team	  wants	  
nothing	  to	  go	  to	  waste.	  The	  main	   idea	   is	   to	  reuse	  the	  materials	  used	  for	  this	  construction,	  
especially	   the	   wood.	   After	   the	   end	   of	   the	   competition,	   the	   wooden	   deck	   will	   be	  
disassembled	  as	  well	  as	  the	  rest	  of	  the	  EMBRACE	  house,	  but	  will	  not	  be	  transported	  back	  to	  
Denmark.	  Indeed,	  we	  have	  contacted	  Versailles’	  town	  hall	   in	  order	  to	  enquire	  if	  they	  could	  
be	   interested	   in	  upcycling	   the	  wood.	  The	  discussion	  has	  been	  very	  positive	  and	   the	  Green	  
Department	  of	   the	   town	  hall	   is	   enthusiastic	   about	   reusing	   the	  wood	   lamellas.	  A	   couple	  of	  
ideas	  have	  been	  raised	  to	  give	  the	  wooden	  deck	  a	  second	  life	  after	  the	  competition:	  	  
	  
	  

05.2.9 - EXTERIOR EXHIBITION AREA 
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• “Esprit	   Jardin”,	   the	   annual	   green	   fest	   of	   the	   city	   of	   Versailles	   is	   welcoming	   wood	  
lamellas	  to	  build	  display	  cases	  for	  example.	  

• Versailles	   is	   also	   organizing	   carpentry	   workshops,	   for	   which	   the	   wood	   would	   be	  
perfect.	  

• Finally,	  the	  idea	  of	  using	  the	  wood	  to	  build	  organic	  vegetable	  gardens	  in	  Versailles’	  
schools	  has	  also	  been	  raised.	  	  

	  
Entrance	  and	  exhibition	  area:	  People	  will	  access	  the	   lot	   in	  this	  area,	  by	  a	  ramp	  starting	   in	  
the	  southern	  part	  of	  the	  lot,	  which	  will	  lead	  the	  visitors	  to	  the	  lot	  along	  the	  eastern	  side.	  The	  
area	  will	  be	  designed	  as	  an	  combined	  entrance	  and	  exhibition	  area,	  where	  people	  can	  look	  
at	  information	  about	  the	  house,	  while	  waiting	  for	  a	  guided	  tour.	  When	  arriving	  they	  will	  be	  
handed	  some	  information	  about	  EMBRACE,	  as	  an	  introduction	  to	  the	  project,	  and	  they	  can	  
gather	   information	  themselves	  by	   looking	  at	  the	  eastern	  facade	  of	  the	  house,	  where	  some	  
posters	  and	  models	  will	  be	  placed.	  	  
The	   physical	  models	   are	   showing	   how	  EMBRACE	   is	   integrated	   on	   the	   rooftops	   in	   a	   bigger	  
urban	   scale	   in	   Nordhavnen	   in	   Copenhagen,	   which	   will	   make	   it	   easier	   to	   understand	   the	  
concept.	   When	   gathering	   information	   about	   EMBRACE	   beforehand	   the	   guided	   tours,	   the	  
visitors	  will	  have	  a	  better	  understanding	  of	  the	  concept,	  and	  really	  see	  the	  qualities	  of	  the	  
project.	  	  
	  
People	  will	   gather	   around	   the	  models	   and	   posters	   as	   they	  will	   be	  waiting	   for	   the	   tour	   to	  
start.	   Stickers	   located	   on	   the	   flooring	   will	   make	   easy	   indication	   of	   the	   direction	   of	   the	  
entrance	  door	  to	  visitors	  and	  an	  “entrance”	  sign	  in	  different	  languages	  will	  welcome	  visitors	  
on	  the	  lot.	  
	  
Animation/discussion	   area:	   Ending	   the	   guided	   tour	   the	   visitors	   will	   be	   lead	   out	   to	   the	  
animation/discussion	   area.	   This	   area	  will	   be	   designed	  with	   tables	   and	   seating	   possibilities	  
and	  	  guides	  will	  be	  available	  to	  discuss	  and	  answer	  questions,	  which	  the	  visitors	  might	  have.	  
In	   the	  northern	  part	   of	   the	   lot,	   the	   animation	   area	   is	   located	   and	  will	   be	   the	   first	   area	   to	  
enter	   when	   finalizing	   the	   public	   tour.	   The	   animation	   area	   will	   be	   full	   of	   fun	   activities	   for	  
children	  and	  adults,	  mainly	  interactive	  games	  and	  presentations,	  which	  will	  help	  the	  visitors	  
to	  understand	  the	  project	  and	  themselves	  exploit	   it	  further.	  The	  area	  will	  give	  an	  “easy-‐to-‐
reach”	  position	  for	  people	  to	  come	  by	  and	  discuss.	  	  
	  
Relaxing	   area:	   After	   the	   animation/discussion	   area	   there	  will	   be	   the	  opportunity	   to	  move	  
the	   flow	   of	   people	   to	   the	   south	   area	   of	   the	   lot,	   where	   the	   exit	   ramp	   is	   located.	   Another	  
opportunity	   is	   to	   stay	   in	   the	   relaxation	   area,	   which	   will	   be	   provided	   with	   soft	   pillows	   to	  
attract	  people	  to	  sit	  down	  and	  relax.	  In	  general	  the	  entire	  lot	  boundary	  will	  be	  available	  for	  
relaxation,	  since	  the	  edge	  will	  have	  the	  perfect	  height	  for	  sitting	  and	  will	  therefore	  welcome	  
visitors	   to	   drop	   by	   and	   have	   a	   seat.	   Apart	   from	   that,	   it	  will	   also	   be	   an	   attractive	   area	   for	  
visitors	  that	  pass	  by	  our	  lot	  and	  just	  want	  to	  hang	  out	  in	  this	  area	  without	  taking	  any	  public	  
tour.	  	  
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Diagram of exhibition area 

05.2.9.1 - FLOW OF PEOPLE 
According	  to	  the	  established	  public	  tour	  inside	  the	  house,	  the	  flow	  of	  people	  is	  thought	  to	  be	  
the	  following:	  

• Access	   through	   southeast	   side	   of	   the	   house.	   If	   access	   through	   the	   east	   ramp,	  
indicate	  with	  arrows	  to	  move	  to	  the	  north	  side	  for	  the	  beginning	  of	  the	  public	  tour.	  
The	  public	   tour	  starts	  at	   the	  entrance	  closest	   to	   the	  waiting	  area	   in	   the	  north-‐east	  
corner.	  

• The	  last	  stop	  of	  the	  public	  tour	  is	  outside	  the	  house	  in	  the	  north-‐east	  corner,	  where	  
the	  urban	  concept	  and	  the	  semi-‐shared	  areas	  will	  be	  presented.	  

• Afterwards,	  people	   can	  either	  move	   to	   the	  west	   side	  of	   the	  house	   to	  discuss	  with	  
team	  members	  or	  relax	  in	  the	  area	  towards	  south.	  	  

	  
 
 
 

Natural	  daylight	  is	  an	  important	  part	  of	  our	  lives;	  a	  healthy	  lifestyle	  includes	  great	  amounts	  
of	  fresh	  air	  and	  light.	  Especially	  on	  the	  northern	  hemisphere	  natural	  daylight	  is	  valuable	  and	  
has	  to	  be	  emphasized	  as	  several	  Nordic	  people	  are	  left	  in	  darkness	  up	  to	  four	  months	  a	  year.	  
Luckily	   this	   is	   not	   the	   case	   in	   Denmark	   where	   we	   still	   have	   a	   long	   tradition	   of	   utilising	  
daylight	  in	  both	  function	  and	  aesthetics.	  	  
	  
Natural	  daylight	   should	  be	  used	   in	  buildings	   to	  provide	  a	  comfortable	   indoor	  environment	  
and	  open	  up	  to	  the	  outside,	  both	  literally	  and	  visually.	  People	  need	  light	  to	  function	  in	  their	  
dwellings	  and	  what	  could	  be	  more	  natural	  than	  utilising	  daylight	  for	  this?	  	  
	  
Another	  key	  parameter,	  which	  has	   increased	   the	   focus	  on	  using	  daylight	   the	  past	  years,	   is	  
regarding	  energy	   consumption	   and	  energy	  optimisation	   in	  buildings.	   Buildings	   in	  Denmark	  

05.2.10 - LIGHTING DESIGN NARRATIVE  
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account	  for	  40	  %	  of	  the	  total	  energy	  consumption	  and	  lowering	  the	  energy	  consumption	  is	  
an	   important	   discipline	   when	   designing	   buildings.	   Daylight	   is	   therefore	   important	   to	   be	  
optimised	  as	  this	  provides	  both	  natural	  and	  free	  lighting	  as	  well	  as	  natural	  and	  free	  heating	  
when	   utilised	   correctly.	   If	   not	   utilised	   correctly,	   it	   could	   worsen	   the	   indoor	   climate	  
conditions	  by	   causing	  glare	  and	  overheating.	   In	  poorly	  designed	  dwellings	   shading	  devices	  
are	   used	   excessively	  which	   decreases	   indoor	   illuminance	   levels	   and	   consequently	   leads	   to	  
increased	  use	  of	  artificial	   lighting.	  Designing	  with	  daylight	   is	  an	   iterative	  process:	  difficult	  –	  
but	  important.	  	  
	  
The	  third	   large	   focus	  area	   is	   the	  design	  of	   the	  Weather	  Shield.	  The	  design	  narrates	  a	  glass	  
cover	   to	   EMBRACE	   the	   inner	   dwelling,	   which	   will	   provide	   the	   house	   with	   passive	   solar	  
heating	  and	  protection	  from	  undesirable	  weather	  conditions.	  The	  Weather	  Shield	  has	  to	  be	  
shading	   in	   order	   to	   prevent	   overheating	   in	   the	   space	   beneath.	   This	   shading	   has	   been	  
developed	  by	  this	  group	  as	  a	  type	  of	  transparent	  shading	  of	  PV	  panels,	  which	  still	  lets	  light	  in	  
while	  shading	  and	  generating	  electricity.	  	  
 

05.2.10.1 - REQUIREMENTS 
Requirements	   towards	   daylight	   and	   lighting	   levels	   have	   to	   comply	   with	   both	   Danish	   and	  
official	  Solar	  Decathlon	  rules,	  as	  the	  house	  is	  meant	  to	  be	  build	  in	  both	  Denmark	  and	  Paris.	  
Both	   sets	   of	   rules	   have	   been	   investigated	   and	   the	  minimum	   requirements	   for	   both	   have	  
been	  taken	  into	  consideration.	  The	  final	  requirements,	  which	  this	  group	  want	  to	  achieve	  is	  
listed	  below.	  	  
	  

Artificial light and daylight requirements 

Daylight	  
illuminance	  

•	   More	   than	   4	   %	   DF	   measured	   2	   meters	   from	   the	  
window	  in	  a	  height	  of	  0.9	  meter	  	  
	  •	   Provided	   DF	   2	   %	   on	   the	   working	   surface	   (kitchen,	  
writing	  desk)	  	  

(Solar	   Decathlon	   Europe,	  
2013)	  	  
(Bygningsreglementet,	  	  
2013)	  	  

Artificial	  
lighting	  

•	  Illuminance	  at	  the	  working	  space	  should	  be	  500	  lux	  	   (DS700,	  2005)	  

 

05.2.10.2 - WEATHER SHIELD 
The	  design	  of	  the	  Weather	  Shield	  consists	  of	  PV	  panels	  which	  design	  allows	  plenty	  daylight	  
to	   penetrate	   through	   the	   Weather	   Shield.	   The	   design	   has	   been	   developed	   in	   close	  
collaboration	  with	   the	  energy	  efficiency	  work	  package	  group	  and	   the	  manufacturer	  of	   the	  
panels,	  as	   it	  has	  a	  crucial	  effect	  on	   the	  output	  of	   the	  panel.	  The	   resulting	  design	   is	   shown	  
below,	   which	   has	   a	   very	   good	   relation	   between	   power	   production,	   light	   transparency,	  
shading	  and	  architectural	  qualities.	  	  
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PV panels design on the weather shield 

 
 

05.2.10.3 - THERMAL ENVELOPE DAYLIGHT DESIGN 
The	  dwelling	  will	  be	  naturally	   lit	   from	  four	  sides:	  one	  window	  towards	  south,	   three	  glazed	  
doors	   towards	   east,	   one	  window	   towards	   north	   and	   one	   skylight.	   Optimizing	   the	  window	  
sizes	   and	   placements	   is	   done	   in	   close	   collaboration	   with	   the	   energy	   efficiency	   group	   to	  
iteratively	  evaluate	  the	  effect	  of	  the	  changes	  on	  the	  energy	  efficiency.	  
	  
All	   daylight	   simulations	  have	  been	  carried	  out	   in	  Velux	  Visualiser	  based	  on	  a	   SketchUp	  3D	  
model.	  Daysim	  has	  been	  used	  to	  validate	  the	  results	  from	  Velux.	  
	  
The	   following	   reflectances	   and	   window’s	   transmittances	   have	   been	   used.	   The	   values	   are	  
based	  on	  values	  assigned	  to	  materials	  by	  the	  architecture	  group:	  
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Overview of opening placement, area and window transmittance 

Windows	   Ag	  [m
2]	   Wf	  [m]	   Aw	  [m

2]	   Ww	  [m]	   Hw	  [m]	   Transmittance	  
South	  (Living	  Room)	   1.38	   0.06	   3.06	   2.35	   1.3	   0.74	  

South	  23°	  Skylight,	  Living	   0.77	  
w=0.052	  
h=0.098	   1.04	   0.79	   1.31	   0.70	  

North	  67°	  Skylight	  (Bed	  Room)	   0.89	  
w=0.052	  
h=0.098	   1.44	   0.90	   1.60	   0.70	  

Doors	   	   	   	   	   	   	  
East	  (Bedroom)	   1.67	   0.06	   1.82	   0.87	   2.09	   0.74	  
East	  (Flex	  room)	   1.67	   0.06	   1.82	   0.87	   2.09	   0.74	  
East	  (Kitchen)	   3.34	   0.06	   3.7	   1.77	   2.09	   0.7	  
Weather	  shield	   	   	   	   	   	   0.85	  
 
 

Material’s reflectances 

Floor	   Ceiling	   Window	  sill	   Internal	  walls	   External	  walls	  

0.22	   0.55	   0.55	   0.75	   0.40	  

 
Investigations	   about	   the	   windows	   and	   skylights	   size	   and	   position	   have	   been	   done.	   The	  
daylight	   factor	   of	   the	   final	   design	   including	   the	   shading	   solutions,	  which	  mainly	   has	   been	  
chosen	  in	  collaboration	  with	  the	  architecture	  and	  energy	  efficiency	  group,	  is	  the	  following:	  
	  
DFkitchen	  =	  2.8	  %	  
DFdining	  area	  =	  2.6	  %	  
DFrelaxing	  area=	  4.0	  %	  
 

 

Daylight factor averages in kitchen, relaxing area and dining area 
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The	  daylight	  factor	  in	  the	  living	  room	  creates	  two	  different	  atmospheres:	  The	  relaxing	  area	  
has	   a	   lower	   daylight	   factor	   creating	   a	   cozy	   spot	   where	   the	   inhabitants	   can	   relax	   on	   the	  
couch,	  which	  is	  an	  extension	  of	  the	  stair.	  The	  rest	  of	  the	  living	  room	  needs	  a	  higher	  daylight	  
factor	  due	  to	  the	  fact	  that	  the	  dining	  area	  is	  located	  there	  and	  it	  works	  as	  a	  connection	  with	  
the	  shared	  space.	  	  
A	  good	  daylight	  design	  allows	  sufficient	  daylight	  to	  enter	  a	  building	  whilst	  preventing	  glare	  
problems.	  Preventing	  glare	  problems	  and	  overheating	  for	  Embrace	  can	  only	  be	  achieved	  by	  
implementing	   shading	   devices	   on	   the	   south	   facing	   façade	   opening	   and	   skylight.	   For	   the	  
window	  facing	  south,	  a	  movable	  shading	  is	  designed:	  this	  shading	  is	  not	  applied	  at	  overcast	  
sky,	   whereas	   the	   daylight	   factor	   is	   not	   influenced.	   The	   shading	   solution	   for	   the	   skylight	  
consists	   in	   a	   solar	   cell	   shaped	   sun	   films	   integrated	   in	   the	   panels	   above	   the	   skylight:	   it	  
reduces	   considerably	   the	   daylight	   factor.	   Further	   investigations	   about	   reflectances	   of	   the	  
interior	  furniture	  must	  be	  done.	  
	  
Conclusions	  after	  natural	  lighting	  competition	  measurements	  
The	  natural	  daylight	  describe	  in	  previous	  sub	  section	  showed	  that	  EMBRACE	  should	  perform	  
a	  daylight	  level	  between	  2.6%	  and	  4%	  depending	  on	  the	  areas	  of	  the	  house.	  The	  competition	  
demands	  a	  daylight	  factor	  of	  4%	  to	  receive	  full	  points,	  thus	  has	  EMBRACE	  only	  been	  able	  to	  
receive	  2	  points	  in	  the	  competition	  equal	  to	  a	  daylight	  average	  of	  2.7%.	  
The	  reason	  for	  this	  low	  score	  can	  be	  described	  by	  two	  factors,	  EMBRACE’s	  daylight	  design	  is	  
focused	  on	  the	  daylight	  condition	  in	  certain	  areas	  of	  the	  dwelling	  and	  not	  an	  average	  of	  the	  
room.	  Overall	  balanced	  daylight	  conditions	  are	  believed	  to	  be	  more	  suitable	  for	  offices.	  
The	   second	   factor	   is	   the	   daylight	   condition	   under	   the	   measurements	   not	   were	   done	   in	  
cloudy	   weather,	   which	   has	   lead	   to	   slightly	   reduction	   compared	   to	   the	   correct	   way	   of	  
measuring	  daylight.	  	  
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CONSTRUCTION 
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EMBRACE	  is	  a	  minimal	  city	  dwelling	  created	  to	  facilitate	  urban	  densification	  by	  creating	  new	  
communities	   on	   top	   of	   existing	   buildings.	   Existing	   rooftops	   are	   not	   utilized	   to	   their	   full	  
potential	   as	   they	   currently	   lack	   livable	   space.	   Many	   existing	   rooftops	   are	   defined	   by	   the	  
Copenhagen	   municipality	   as	   suitable	   places	   for	   densification	   and	   the	   urban	   renewal	   by	  
adding	   new	   buildings	   to	   the	   existing	   city.	   The	   project	   is	   intended	   for	   the	   developing	  
Nordhavn	  district	  of	  Copenhagen,	  Denmark	  but	  is	  conceptually	  open	  to	  adaptation	  to	  other	  
contexts.	  

	  

Left:	  Illustration	  of	  EMBRACE	  with	  the	  Weather	  Shield.	  Right:	  Concept	  of	  EMBRACE	  on	  top	  of	  existing	  building.	  

The	   project	   is	   designed	   to	   add	   self-‐sustaining	   communities	   to	   the	   existing	   urban	   fabric.	  
EMBRACE	  dwellings	  consist	  of	  a	   'Thermal	  Envelope'-‐unit	  and	  a	   'Sheltered	  Garden'	   covered	  
by	  a	  Weather	  Shield.	  The	  sheltered	  garden	  stimulates	   interconnectivity	  by	  creating	  diverse	  
semi-‐private	   and	   semi-‐public	   zones	   that	   are	   usable	   by	   both	   the	   rooftop	   residents	   and	  
residents	  from	  dwellings	  below.	  Social	  interaction	  aims	  to	  counter	  loneliness	  in	  Copenhagen	  
and	  is	  encouraged	  through	  the	  sharing	  of	  resources,	  knowledge	  and	  time.	  
	  
The	  protective	  skin	  integrates	  solar	  power	  technologies	  to	  power	  the	  rooftop	  dwellings	  and	  
share	   energy	   with	   the	   building	   below.	   The	   dwelling	   is	   composed	   of	   largely	   prefabricated	  
modules	  to	  enable	  simple	  assembly	  on	  top	  of	  existing	  buildings.	  
	  
Reducing	   the	   environmental	   impact	   has	   been	   stimulated	   from	   early	   on	   through	   the	  
sustainability	  concept	  of	  Smart,	  Save,	  Share".	  	  The	  strategy	  firstly	  aims	  to	  Save	  energy	  used	  
or	  embodied	  in	  EMBRACE.	  Secondly,	  the	  energy	  that	  is	  consumed	  is	  consumed	  in	  an	  efficient	  
and	   Smart	   manner.	   Thirdly,	   the	   communal	   impact	   of	   EMBRACE	   on	   the	   environment	   and	  
society,	   from	   	   f.e.	   the	   shared	   space	   and	   vehicles,	   will	   be	   reduced	   by	   Sharing	   the	   impact	  
among	  multiple	  dwellings.	  

	  
Concept	  illustration.	  Read	  from	  top	  clockwise.	   	  

PROJECT RECAP 
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EMBRACE	   is	  designed	  according	   to	  both	   the	  French	  and	  Danish	   context.	   Thus	   the	  building	  
standard	   requirements	   and	   construction	   industry	   strengths/weaknesses	   of	   both	   countries	  
are	  considered	  when	  developing	  the	  construction.	  
	  
The	  structural	  systems	  are	  designed	  to	  the	  Solar	  Decathlon	  Europe	  Building	  Code,	  and	  shall	  
be	   approved	   by	   a	   licensed	   structural	   engineer.	   The	   calculations	   are	   to	   be	   included	   in	   the	  
Structural	  Calculations	  section	  of	  this	  manual.	  
	  
The	  structural	  design	  aims	   for	   simplicity	   in	  design	  and	  assembly/disassembly	  with	  minimal	  
obstruction	  to	  the	  architectural	  layout	  of	  the	  house	  and	  surrounding	  semi-‐private	  and	  semi-‐
public	  spaces.	  The	  components	  of	  the	  house	  are	  built	  as	  prefabricated	  modules	  that	  can	  be	  
easily	   connected	   together	   during	   the	   house	   erection.	   This	   is	   especially	   important	   for	   the	  
competition	  to	  erect	  and	  disassemble	  the	  house	  within	  the	  allowed	  timeframe.	  

05.3.1.1. STRUCTURAL OVERVIEW 
The	   building	   consists	   of	   two	  main	   structural	   components;	   the	   Thermal	   Envelope	   and	   the	  
Weather	   Shield.	   The	   Thermal	   Envelope	   (TE)	   is	   the	   heated	   dwelling	   unit	   and	   the	  Weather	  
Shield	  (WS)	  is	  an	  outer	  envelope	  that	  creates	  a	  covered	  outdoor	  area	  and	  also	  embraces	  the	  
Thermal	  Envelope	  functioning	  as	  a	  weather	  protection	  barrier.	  

 

Structural components of EMBRACE  

05.3. ENGINEERING AND CONSTRUCTION DESIGN 
NARRATIVE 

05.3.1. STRUCTURAL DESIGN 
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Modular Design 
A	  main	  concept	  of	  the	  project	  is	  a	  logical	  modular	  design	  that	  allows	  the	  house	  elements	  to	  
be	   near-‐complete	   before	   they	   are	   transported	   to	   France,	   requiring	   very	   minimal	   on-‐site	  
work.	  Each	  module	  must	  be	  investigated	  for	  loading	  during	  transportation	  and	  construction,	  
and	  for	  the	  final	  condition,	  when	  it	  experiences	  loading	  from	  other	  modules.	  

05.3.1.2. THERMAL ENVELOPE 
The	   Thermal	   Envelope	   consists	   of	   four	   prefabricated	   modules.	   This	   design	   allows	   for	   the	  
modules	  nearly	  complete	  prior	  to	  shipping	  and	  minimizes	  crane	  lifts	  and	  connections.	  

	  
Module definitions 

 

Name	   Description	   Approximate	  Weight	  

Module	  1	   East	  top	  module	   2250	  kg	  

Module	  2	   West	  top	  module	   1950	  kg	  

Module	  3	   West	  bottom	  module	  -‐	  contains	  technical	  installations	   3300	  kg	  

Module	  4	   East	  bottom	  module	   3250	  kg	  

	  
The	  production	  of	  the	  modules	  is	  currently	  under-‐way	  at	  Team	  DTU’s	  construction	  site.	  After	  
the	  separate	  production	  of	  each	  module,	  the	  assembly	  and	  disassembly	  of	  the	  modules	  will	  
be	   tested	   to	   ensure	   the	   process	   is	   simple	   and	   safe,	   and	   the	   modules	   connect	   together	  
properly.	   	  
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Structure Type 
The	   four	  modular	   boxes	   of	   the	   TE	   are	   going	   to	   be	  mounted	   using	   a	   crane.	   Each	   of	   these	  
modules	  is	  therefore	  individually	  constructed	  to	  be	  stiff	  and	  stable	  enough	  to	  avoid	  damage	  
caused	  by	   transportation	   and	   lifting.	   Furthermore	   the	   structural	   connections	   between	   the	  
four	  modules	  need	  to	  be	  carried	  out	  on	  site.	  Hooks	  will	  be	  built	  in	  to	  the	  TE	  modules	  for	  the	  
lifting.	  
	  
The	  structure	  of	   the	  Thermal	  Envelope	  modules	  consists	  of	   traditional	   timber	   frame	  walls,	  
and	   timber	   beam	   and	   plywood	   slabs.	   The	   main	   bearing	   elements	   are	   three	   walls	   in	   the	  
north-‐south	  direction.	  Two	  of	   these	  walls	  are	   the	  external	  walls	  of	   the	  main	  building	   from	  
the	  house	  (Thermal	  Envelope	  top	  &	  bottom	  modules)	  and	  the	  third	  is	  the	  combined	  internal	  
walls	   of	  Module	  3	   and	  Module	  4.	  One	   important	  departure	   from	   traditional	   timber	   frame	  
construction	  is	  that	  the	  load	  bearing	  studs	  are	  located	  in	  the	  outer	  portion	  of	  the	  wall.	  This	  
allows	  for	  the	  structural	  skeleton	  of	  the	  modules	  to	  be	  easily	  accessed	  and	  connected.	  
	  
The	  static	  mechanism	  of	  the	  skeleton	  wall	   is	  secured	  by	  having	  vertical	   load	  carried	  by	  the	  	  
vertical	  studs	  and	  for	  horizontal	  loads	  plate	  cladding	  will	  stabilize	  the	  system.	  
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Static Scheme 
Vertical	  load	  transfer	  

	  

 
The	   roof	   is	   simply	   supported	  with	   two	   individual	   spans	  between	   the	  horizontal	  TE	  module	  
lines.	  The	  TE	  roof	  will	  only	  carry	  its	  own	  weight	  as	  it	  is	  covered	  by	  the	  WS.	  The	  intermediate	  
floor	  of	  the	  TE	  is	  spanning	  similar	  to	  the	  roof.	  
 
Horizontal	  load	  transfer	  
 

 
 

The	  figure	  above	  shows	  the	  Thermal	  Envelope	  elements	  that	  transfer	  horizontal	  load.	  The	  TE	  
works	  to	  distribute	  horizontal	  loads	  acting	  on	  the	  WS.	  This	  interaction	  is	  explained	  in	  detail	  
later	  in	  this	  section	  (Weather	  Shield	  -‐	  Static	  Scheme).	  
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Redundancy	  
The	  TE	  is	  assessed	  to	  have	  a	  high	  degree	  of	  redundancy	  as	  the	  insulation	  thickness	  required	  
has	   been	   higher	   than	   the	   statically,	   necessary	   dimensions,	   on	   top	   of	   that	   extra	   layers	   of	  
battens	  have	  often	  been	   added	   to	   the	  primary	   structural	  members	   as	   secondary	   layers	   in	  
order	  to	  break	  thermal	  bridges	  and	  to	  accommodate	  for	  cladding.	  Furthermore	  the	  system	  
strength	   factor,	   ksys,	   has	   not	   been	   applied	   to	   increase	   the	   strength	   properties	   of	   the	  
structural	  members	  in	  the	  TE	  during	  calculations,	  even	  though	  this	  would	  have	  been	  allowed	  
as	  both	  the	  tiers	  of	  beams	  and	  the	  skeleton	  walls	  work	  in	  systems	  (EC5	  clause	  6.6).	  
	  

05.3.1.3. WEATHER SHIELD 
The	  Weather	  Shield	  is	  also	  built	  from	  prefabricated	  module	  panels	  fully	  covered	  with	  glass.	  
One	  part	  of	  the	  roof	  over	  the	  house	  will	  consists	  of	  solar	  panels	  and	  PV	  cells	  and	  the	  rest	  of	  
the	   roof,	   over	   the	   space	   outside	   the	   house,	   is	   planned	   to	   be	   covered	   with	   PV	   cells	   only	  
spread	   in	   such	   a	   layout	   that	   allow	   enough	   sunlight	   to	   come	   into	   the	   space	   below	   the	  
weather	  shield.	  The	  WS	  will	  be	  divided	  into	  12	  modules.	  

Roof Modules 
Each	  module	   consist	   of	   two	  glulam	  main	  beams	  and	   secondary	   timber	  beams	  below	  each	  
joint	  in	  the	  PV	  panels.	  It	  was	  decided	  that	  to	  fulfill	  the	  requirements	  for	  water	  tightness	  and	  
modular	  division,	  overlapping	  of	  the	  glazing	  in	  horizontal	  direction	  will	  be	  the	  best	  solution	  
since	  the	  modules	  are	  inclined	  in	  23	  degrees.	  This	  modular	  idea	  requires	  the	  main	  beams	  of	  
each	  module	  to	  be	  with	  different	  height,	  so	  one	  edge	  of	  the	  glass	  from	  the	  module	  above	  to	  
be	  over	  the	  edge	  of	  the	  glass	  form	  the	  module	  below.	  
 

 
Roof modules with overlapping in direction of roof slope 

 
Mounting	   process	   starts	   with	   the	   modules	   situated	   in	   the	   lowest	   position.	   The	   vertical	  
connection	  between	  the	  glasses	  from	  each	  module	  will	  be	  provided	  by	  rubber	  gasket	  as	  well	  
as	  the	  vertical	  connection	  between	  each	  module.	  
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The	   WS	   is	   supported	   partly	   by	   the	   Thermal	   Envelope	   as	   well	   as	   by	   individual	   frame	  
structures.	  Due	   to	   the	   large	   surface	  area	  of	   the	  Weather	   Shield,	  wind	  acting	  on	   the	  north	  
facade	  will	   create	   large	  uplift	   forces,	   and	   therefore	   this	   facade	  will	   be	   stiffly	   connected	   to	  
the	   Thermal	   Envelope	   and	   flooring	  modules	   to	   activate	   their	  weight.	   The	   connections	  will	  
also	   help	   distribute	   shear	   forces	   to	   the	   Thermal	   Envelope	   walls,	   and	   then	   down	   to	   the	  
foundation.	  
	  
The	  PV-‐system	  and	  the	  glazing	  of	  these	  modules	  are	  fragile	  materials	  and	  therefore	  these	  2D	  
modules	   should	   also	   be	   designed	   to	   resist	   torsional	   and	   bending	   effects	   during	   lifting	  
through	  bracing.	  The	  glazing	   is	  designed	   to	   take	   the	   load	  of	  a	  maintenance	  worker	  on	   the	  
roof,	  resulting	  in	  a	  top	  layer	  of	  8	  mm	  tempered	  glass	  and	  a	  bottom	  layer	  of	  4	  mm	  annealed	  
glass.	  The	  combination	  of	  the	  two	  glass	  types	  limits	  the	  danger	  of	  if	  the	  panels	  are	  fractured.	  
	  
Static scheme 
Vertical	  load	  transfer	  

	  
Vertical	  load	  on	  the	  WS	  roof	  is	  transferred	  from	  the	  PV	  and	  glass	  panels	  to	  the	  glulam	  beams	  
of	  the	  roof	  modules.	  The	  glulam	  beams	  are	  then	  supported	  along	  the	  two	  longitudinal	  TE	  
facades	  and	  the	  gable	  wall.	  From	  here	  the	  vertical	  force	  can	  travel	  to	  the	  footings.	  
 
Horizontal	  load	  transfer	  

 
The	  part	  of	  the	  longitudinal	  horizontal	  load	  that	  does	  not	  run	  directly	  to	  the	  foundation	  will	  
be	  transferred	  to	  the	  WS	  roof	  modules.	  It	   is	  therefore	  very	  important	  that	  the	  connections	  
between	  the	  modules	  are	  stiff	  enough	  for	  the	  roof	  modules	  to	  transfer	  shear	  forces	  amongst	  
each	  other,	  so	  that	  they	  can	  all	  act	  together	  as	  a	  single	  diaphragm	  taking	  membrane	  forces.	  
	  
From	   the	   WS	   roof	   modules	   the	   gathered	   horizontal	   forces	   will	   be	   transferred	   to	   the	  
longitudinal	   TE	   facades	   and	   the	   WS	   gable	   wall	   through	   shear	   connections.	   From	   the	  
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longitudinal	   walls	   the	   horizontal	   forces	   will	   travel	   to	   the	   footings	   from	   where	   it	   will	   be	  
transferred	  to	  the	  soil	  through	  friction.	  
	  

 
Horizontal	   load	   in	   the	   transversal	   direction	   acting	   on	   the	   TE	   longitudinal	   facades	   will	   be	  
transferred	   to	   the	   TE	   roof,	   which	   will	   then	   again	   transfer	   the	   loads	   to	   the	   transversal	   TE	  
facades.	   As	   the	   northern,	   transversal,	   first	   floor	   façade	   is	   not	   in	   line	   with	   the	   northern,	  
transversal	  ground	  floor	  façade,	  the	  intermediate	  floor	  will	  be	  activated	  to	  transfer	  the	  force	  
from	  the	  first	  floor	  façade	  to	  the	  ground	  floor	  façade.	  For	  that	  reason	  the	  intermediate	  floor	  
slab	   must	   be	   able	   to	   resist	   this	   in	   plane	   moment.	   	   As	   can	   be	   seen	   the	  WS	   gable	   wall	   is	  
supported	   by	   the	   flexible	   room	   slab	   as	   well	   as	   the	   WS	   roof	   modules.	   The	   load	   being	  
transferred	   to	   the	   flexible	   roof	   slab	  will	   run	   further	   to	   the	   transversal	   flexible	   room	  walls.	  
The	   other	   part	   of	   the	   load	   being	   transferred	   to	   the	   WS	   roof	   modules	   will	   end	   up	   being	  
further	  transferred	  through	  the	  TE	  roof	  and	  next	  taken	  up	  by	  the	  transversal	  TE	  facades.	  	  

05.3.1.4. FOUNDATIONS 
The	  foundations	  of	  the	  house	  are	  of	  critical	  importance,	  especially	  considering	  the	  poor	  soil	  
conditions	  at	  La	  Cité	  du	  Soleil.	  Rule	  4.4	   requires	   that	  “low-‐impact	   footings	  without	  ground	  
excavation	  nor	  penetration”	  are	  used	  to	  support	  all	  house	  and	  site	  components.	  The	  footing	  
system	  must	   be	   removable.	   The	   design	   bearing	   capacity	   is	   50	   kN/m2	   (Rule	   51.6)	   with	   an	  
expectation	  of	   4	   cm	   settlement	  during	  heavy	   rain	  under	   a	   40	   kN/m2	   loading.	   The	  number	  
and	   size	   of	   the	   footings	   is	   calculated	   to	   ensure	   that	   the	  maximum	  bearing	   capacity	   is	   not	  
exceeded.	   Because	   of	   the	   requirement	   that	   no	   ground	   excavations	   not	   penetrations	   are	  
made,	  all	  lateral	  loads	  must	  be	  transferred	  to	  the	  ground	  via	  static	  friction.	  
 	  
La	  Cité	  du	  Soleil	  Project	  Management	  has	  confirmed	  that	  a	  sand	  “platform”	  will	  be	  made	  on	  
the	  lots	  to:	  

• Prevent	  the	  spongy	  ground	  from	  the	  rain	  on	  team’s	  lots	  
• Provide	   lots	  without	  vertical	  elevation	  differences	   (except	   the	   slope	   to	  discharging	  

water.	  Slope	  inclination	  around	  1%	  or	  2%).	  Note:	  if	  the	  inclination	  is	  a	  constant	  2%,	  
this	  could	  result	  in	  a	  vertical	  difference	  of	  around	  40	  cm.	  

  
The	  mitigation	   of	   the	   vertical	   elevation	   differences	  means	   that	   footings	  will	   only	   need	   to	  
account	  for	  very	  slight	  differences,	  which	  can	  be	  accomplished	  with	  much	  simpler	  means.	  
The	  foundations	  are	  to	  be	  placed	  in	  Assembly	  Phase	  2.	  When	  all	  of	  the	  footings	  are	  in	  place	  
and	  levelled,	  the	  inspector	  will	  be	  notified	  to	  verify	  compliance	  (Rule	  4.4c),	  after	  which	  the	  
assembly	  may	  continue.	  
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The	  footings	  used	  can	  be	  adjusted	  in	  height.	  They	  are	  made	  in	  PVC	  and	  each	  footing	  has	  a	  
maximum	   load	  bearing	  capacity	  of	  1200kg.	  As	   the	   footings	  a	  placed	  correctly,	  a	  aluminum	  
beam	  will	  be	  place	  in	  top	  in	  order	  to	  obtain	  a	  completely	  even	  surface	  for	  the	  building	  to	  be	  
placed	  on.	  The	  concept	  of	  the	  footing	  system	  is	  illustrated	  in	  the	  figure	  below.	  
	  	  

 
 

05.3.1.4. STRUCTURAL DESIGN IN THE DANISH CONTEXT 
The	   story	   of	   EMBRACE	   includes	   the	   proposal	   of	   communities	   that	   can	   be	   build	   ontop	   of	  
existing	   structures	   in	   the	   Nordhavnen	   area.	   Traditional	   row	   buildings	   in	   Copenhagen	   are	  
almost	  always	  constructed	  of	  three	  masonry	  bearing	  walls	  along	  the	  length	  of	  the	  building;	  
two	   are	   the	   exterior	   facades,	   and	   the	   third	   is	   in	   the	  middle.	   The	   exterior	  walls	   are	  much	  
more	  robust	  and	  support	  both	  the	  roof	  and	  flooring	  loads.	  The	  interior	  wall	  is	  often	  several	  
bricks	   thinner	   and	   weaker,	   and	   is	   only	   used	   to	   support	   floor	   loads.	   Investigations	   have	  
revealed	   that	   the	   interior	   wall	   cannot	   be	   relied	   upon	   to	   support	   a	   new	   structure	   on	   top	  
without	  renovation.	  
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Section of a traditional row building in Copenhagen with load-bearing external masonry walls 

To	  build	  on	  top	  of	  these	  existing	  buildings,	  the	  pitched	  roof	  would	  be	  removed,	  revealing	  the	  
flat	   top	   floor.	   Any	   necessary	   strengthening	   measures	   would	   be	   made	   at	   this	   point,	   and	  
access	   (stairs/elevators)	   to	   the	   top	  units	  would	  be	   constructed.	  Next,	   the	  modules	   for	   the	  
new	  building	  would	  then	  be	  lifted	  to	  the	  top	  and	  secured	  so	  that	  the	  modules	  bear	  on	  the	  
external	  walls	  of	  the	  existing	  building.	  
	  
In	   the	   community	   concept,	   the	  house	  pattern	   is	   continued	   in	   a	  mirrored	  pattern,	   and	   the	  
weather	  shield	  is	  extended	  along	  the	  length	  of	  the	  building.	  
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05.3.2.1 THERMAL ENVELOPE CONSTRUCTIVE DESIGN 
The	  Thermal	  Envelope	  constructive	  design	  refers	   to	   the	  make-‐up	  of	   the	   four	  prefabricated	  
TE	   modules.	   The	   main	   construction	   of	   the	   Thermal	   Envelope	   consists	   of	   a	   load-‐carrying	  
timber	   frame	  of	   sawn	   lumber	   studs	   and	   oriented	   strand	   board	   (OSB)	   for	   stabilization	   and	  
closure.	  The	  TE	   is	   insulated	  with	  “Lambda	  30”	  glass	  wool	   insulation	   from	   Isover	   (λ	  =	  0.030	  
W/mK).	  It	  is	  important	  to	  note	  that	  the	  main	  load	  carrying-‐members	  are	  positioned	  towards	  
the	  outside	  of	  the	  construction,	  which	  allows	  for	  much	  easier	  access	  to	  the	  connections	  of	  
the	  modules.	  

Design Development 
Alternatives	   to	   this	   constructive	   design	   have	   been	   extensively	   investigated	   during	   the	  
evolution	   of	   the	   design.	  Massive,	   cross-‐laminated	   timber	   (CLT)	   elements	  were	   considered	  
for	  their	  excellent	  strength	  properties	  and	  air-‐tightness.	  However	  CLT	  is	  not	  yet	  prevalent	  in	  
Denmark,	  making	   it	   difficult	   to	   find	   a	   supplier	   for	   the	   project.	   Another	   alternative	  was	   to	  
ship	  the	  modules	  with	  only	  the	  timber	  frame	  to	  resolve	  transportation	  width	  issues	  and	  then	  
attach	  the	  insulation	  batts	  onsite	  using	  a	  system	  similar	  to	  the	  Rockwool	  RedAir	  system.	  This	  
development	   is	   also	   described	   in	   the	   evolution	   of	   the	  modular	   design	   in	   Section	   05.3.1.2.	  
With	   the	   current	   4-‐module	   design,	   adding	   the	   insulation	   on	   afterwards	   is	   no	   longer	  
necessary.	  

Construction Layers 
The	  following	  is	  a	  general	  overview	  of	  the	  layers	  of	  the	  Thermal	  Envelope	  constructions.	  The	  
layering	  can	  vary	  depending	  on	  the	  location	  in	  the	  house.	  
 
Exterior	  walls	  
Outside	  to	  inside:	  

● Acoustic	  panel	   (Troldtekt)	  on	  east	   facade;	  black	  acrylic	  glazing	  on	  north,	  west,	  and	  
south	  facades	  

● Drainage	  gap	  with	  vertical	  battens	  
● OSB	  plate	  with	  exterior,	  diffusion-‐open	  building	  wrap	  (omitted	  on	  the	  east	  facade)	  
● 195x45	  vertical	  studs	  -‐	  the	  main	  load-‐carrying	  members	  -‐	  with	  insulation	  
● OSB	  plate	  
● Vapour	  barrier	  
● 120x45	  horizontal	  studs	  and	  insulation	  (extra	  insulation	  layer)	  
● Internal	  cladding:	  acoustic	  panels	  (Troldtekt)	  on	  the	  north	  and	  south	  facades,	  timber	  

planks	  on	  the	  east	  and	  west	  facades	  
	  
Bottom	  modules	  floor	  
Outside	  to	  inside:	  

● OSB	  plate	  
● 295x45	  beams	  with	  insulation	  

05.3.2. CONSTRUCTIVE DESIGN 
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● OSB	  plate	  
● Vapour	  barrier	  
● Uponor	  floor	  heating	  system	  
● Floor	  covering	  
● Glulam	  beams	  are	  also	  used	  in	  the	  floor	  to	  take	  crane	  lifting	  loads	  

	  
Bottom	  modules	  ceiling	  (combined	  in	  final	  condition	  with	  top	  module	  floor)	  
Bottom	  to	  top:	  

● Acoustic	  ceiling	  panel	  (Troldtekt)	  
● Insulation	  
● OSB	  plate	  
● 225x45	  beams	  with	  insulation	  

	  
Top	  modules	  floor	  (combined	  in	  final	  condition	  with	  bottom	  module	  ceiling)	  
Bottom	  to	  top:	  

● 45x95	  beams	  
● OSB	  plate	  
● Uponor	  floor	  heating	  system	  
● Floor	  covering	  

	  
Top	  modules	  ceiling	  
Inside	  to	  outside:	  

● Acoustic	  ceiling	  panel	  (Troldtekt)	  
● 95x45	  beams	  with	  insulation	  (electrical	  installations	  cavity)	  
● Vapour	  barrier	  
● 245x45	  beams	  with	  insulation	  
● OSB	  plate	  
● Roof	  paper	  

	  
Interior	  walls	  

● Timber	  planks	  
● Vertical	  studs	  and	  insulation	  
● Timber	  planks	  

	  

05.3.2.2 WEATHER SHIELD CONSTRUCTIVE DESIGN 
Weather	   Shield	   is	   to	   be	   prepared	   by	   wooden	   bearing	   construction	   and	   glazing	   cover	  
providing	  water	  tightness	  for	  the	  house	  and	  the	  space	  beneath.	  The	  construction	  materials	  
chosen	   for	   the	   structural	   components	   is	  Glulam	   for	   the	  beams,	   columns	  and	  bracings	  and	  
steel	  elements	  for	  the	  connections	  between	  the	  separate	  wooden	  parts.	  Glulam	  was	  chosen	  
to	  be	   the	  most	  appropriate	  material,	   because	  of	   its	   sustainability,	   strength,	   fire	   resistance	  
and	  also	  the	  possibility	  for	  producing	  elements	  with	  length	  of	  6200	  mm	  which	  is	  the	  biggest	  
spanning	  for	  the	  roof	  beams.	  
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05.3.2.3 ACOUSTICS 
In	   the	   section	   the	   acoustic	   performance	   of	   the	   adopted	   systems	   is	   evaluated	   as	  well	   as	   a	  
description	   of	   the	   choice	   of	   materials.	   The	   acoustic	   performance	   of	   the	   facade	   has	   been	  
evaluated	  by	  using	  the	  acoustic	  simulation	  programs	  INSUL	  and	  Bastian,	  where	  the	  airborne	  
sound	  insulation	  has	  been	  examined.	  The	  acoustic	  environment	  in	  the	  living	  room	  has	  been	  
evaluated	  by	  using	  the	  simulation	  program	  Odeon,	  and	  a	  presentation	  and	  an	  analysis	  of	  the	  
results	  will	  be	  given	  in	  this	  section.	  
	  
Further	   information	  about	   the	  general	   acoustic	  environment	   in	  EMBRACE	  can	  be	   found	   in	  
the	  Architectural	  Narrative	   and	   a	   brief	   presentation	   on	   the	  HVAC	   system	   can	   be	   found	   in	  
Comfort	  Conditions.	  
  
Sound insulation for the facade 
According	  to	  the	  Solar	  Decathlon	  rules	  the	  sound	  insulation	  of	  the	  facade	  should	  be	  equal	  or	  
above	  42dB.	  The	  sound	  insulation	  of	  the	  facade	   is	  calculated	   in	  combination	  with	  BASTIAN	  
and	   INSUL.	   In	   INSUL,	   a	   sound	   reduction	   index	   for	   the	   wall	   is	   determined	   by	   defining	   the	  
construction	   type,	   and	   in	   Bastian	   a	   combination	   of	   the	   different	   construction	   parts	   are	  
simulated.	  
	  
The	  sound	  reduction	  index	  for	  the	  entire	  facade	  is	  affected	  by	  the	  construction	  of	  ceiling	  and	  
floor	   and	   choice	   of	  window.	   Especially	   the	  window	  has	   a	   big	   influence	  on	   the	   final	   sound	  
insulation,	   and	   it	   is	   therefore	   important	   to	   choose	   the	  window	   type	   carefully.	   In	   BASTIAN	  
and	  Insul	  some	  limitations	  makes	  it	  difficult	  to	  make	  an	  exact	  simulation	  of	  the	  construction.	  
In	   Insul	   a	   database	   of	   construction	   and	   material	   types	   limit	   the	   design	   possibilities	   and	  
therefore	  realistic	  alternatives	  were	  made	  in	  order	  to	  estimate	  the	  transmission	  loss	  of	  the	  
wall.	  	  
	  
Investigations	  of	  the	  airborne	  sound	  insulation	  has	  been	  performed	  and	  based	  on	  the	  results	  
the	   acoustic	   advice	   is	   to	   avoid	   mechanical	   connections	   and	   use	   insulation	   tape	   around	  
windows	  and	  doors	  as	  well	  as	  on	  the	  Battens	  and	  studs.	  	  
	  
	   

 
Simulated wall section 
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The	   simulation	  program	  BASTIAN	   results	  may	  have	  6dB	  deviations	   in	   sandwich	  walls	   from	  
the	  corresponding	  measured	  values	  and	   in	   INSUL	  3dB	  deviations	  may	  occur.	  Therefore	  the	  
results	  are	  not	  highly	  efficient	  but	  give	  a	  good	  indication	  of	  the	  chosen	  sound	  insulation.	  The	  
simulation	  for	  the	  sound	  insulation	  of	  the	  facade	  is	  examined	  for	  2	  cases.	  In	  the	  first	  case	  the	  
window	  has	   34dB	   of	   sound	   insulation	  while	   in	   the	   second	   case	   42dB.	   This	   is	   because	   the	  
sound	  transmission	  loss	  of	  the	  window	  is	  not	  available	  from	  the	  manufacturer.	  	  	  
	  
The	  results	  of	  the	  INSUL	  simulation	  show	  that	  the	  EMBRACE	  walls	  will	  feature	  46dB	  of	  sound	  
transmission	  loss.	  
	  	  
These	   values	   are	   inserted	   in	   BASTIAN	   software	   in	   order	   to	   get	   the	   level	   difference	   at	   2m	  
which	  also	  accounts	   for	   the	   reverberation	   time	  and	   flanking	   transmission	   (Dls,2m,nT).	   It	   is	  
important	   at	   this	   point	   to	  mention	   that	   the	   team	  made	   sure	   that	   there	  will	   be	   no	   direct	  
connections	   between	   the	   outer	   and	   inner	   walls	   of	   the	   house	   in	   order	   to	   raise	   the	  
attenuation	  of	  the	  sound	  and	  also	  eliminate	  the	  flanking	  transmission	  as	  much	  as	  possible.	  
	  

Level difference for the first case (window of 34 dB) 

 
 

Level difference for the second case (window of 42 dB) 

 
 

BASTIAN	  results	  for	  the	  level	  difference	  (Dls,2m,nT),	  were	  41.2	  dB	  in	  the	  first	  case	  (window	  
of	   34	  dB),	   and	  44.2	   dB	   in	   the	   second	   case	   (window	  of	   42	  dB).	   The	   results	   shows	   that	   the	  
influence	  of	  the	  window	  is	  dominant	  so	  it	  is	  important	  that	  the	  windows	  provide	  good	  sound	  
insulation.	   According	   to	   the	   simulation	   results	   the	   facade	   provides	   enough	   insulation	  
according	   to	   the	   SDE	   requirements	   and	   also	   for	   the	   sound	   circulation	   from	   the	   inside	   to	  
outside	  and	  conversely.	  	  	  
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Acoustic performance of the thermal envelope 
The	   acoustic	   performance	   of	   the	   thermal	   envelope	   is	   evaluated	   both	   looking	   at	   the	  
reverberation	  time	  as	  well	  as	  the	  sound	  circulation	   in	  the	   interior.	  The	  sound	  circulation	   is	  
examined	   because	   it	   is	   thought	   that	   several	   activities	   can	   be	   present	   in	   the	   room	  
simultaneously	  and	  some	  privacy	  is	  needed.	  
	  
Sonic	  neighborhoods	  are	  examined	  in	  the	  Architectural	  design	  narrative.	  
	   

Reverberation time 
Initial	   investigations	   have	   been	  made	  during	   the	   design	   of	   EMBRACE	   in	   order	   to	   establish	  
some	  guidelines	  for	  the	  choice	  of	  materials.	  The	  choice	  of	  materials	  have	  a	  huge	   influence	  
on	  the	  reverberation	  time,	  and	  it	  is	  therefore	  important	  that	  a	  proper	  amount	  of	  absorption	  
materials	  are	  installed	  in	  the	  house	  in	  order	  to	  obtain	  the	  wanted	  acoustical	  conditions.	  
	  
The	  reverberation	  time	  in	  the	  living	  room	  is	  only	  going	  to	  be	  measured	  on	  site,	  however	  it	  is	  
desired	   to	   insure	   good	   acoustic	   environment	   in	   the	   entire	   house,	   and	   therefore	   different	  
investigations	  have	  been	  made	  in	  order	  to	  insure	  a	  good	  acoustic	  perception	  e.g.	  echos	  and	  
sound	   circulation.	   However,	   only	   the	   results	   regarding	   the	   reverberation	   time	   will	   be	  
presented	   in	   this	   section	   and	   should	   be	   seen	   as	   documentation	   for	   fulfilment	   of	   the	   SDE	  
requirements	  of	  reverberation	  time.	  
 

Materials 
The	  table	  below	  sums	  up	  the	  chosen	  materials,	  the	  placement	  of	  each	  material,	  amount	  of	  
material	  and	  the	  absorption	  coefficients.	  
 

Surface materials 

Material	   Surface	   Area	  
[m2]	  

125hz	   250hz	   500hz	   1khz	   2khz	   4khz	  

Mattress	   Sofa	  and	  bed	   6.2	   0.23	   0.40	   0.81	   0.99	   0.94	   0.94	  

Troldtekt	  panels	   Ceiling	  	   62.4	   0.75	   0.90	   0.95	   0.85	   0.90	   0.80	  

Wooden	  panels	  
(parquet	  on	  counter	  
floor)	  

Wall	  
(east/west)	  
and	  interior	  
furniture	  

91.4	   0.20	   0.15	   0.10	   0.10	   0.05	   0.10	  

Linoleum	  /	  tiles	   Floor	  and	  
deck	  

48.1	   0.15	   0.12	   0.11	   0.10	   0.07	   0.08	  

Glass	  (double	  
glazing	  10	  mm)	  

Windows	  
and	  rail	  

13.1	   0.10	   0.07	   0.05	   0.03	   0.02	   0.02	  

	   
Acoustic	  panels	  are	   from	  a	  Danish	  company	  called	  Troldtekt,	  and	   this	  company	   is	  going	   to	  
deliver	   the	   acoustic	   panels	   for	   the	   ceiling.	   Regarding	   the	   reverberation	   time,	   the	   acoustic	  
team	   only	   have	   strict	   requirements	   regarding	   the	   acoustical	   panels,	   and	   it	   was	   therefore	  
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important	   that	   a	   product	   fulfilling	   these	   high	   absorption	   coefficients	  were	   found	  before	   a	  
final	  material	  solution	  was	  made.	  
	  	  
A	   combination	  of	   the	   three	  materials	   is	   shown	  below.	   It	   is	   noted	   that	   a	   specific	   choice	  of	  
colours	  have	  not	  been	  made	  yet.	  
	   

	  
Troldtekt	  panel	  

	  
Tile	  floor	  plates	  

	  
Wood	  panels	  

Interior materials 
	   

Placement of source and receiver 
As	  mentioned,	   the	  acoustic	   team	  wants	   to	   insure	  good	  acoustic	  environment	   in	   the	  entire	  
thermal	  envelope,	  and	  therefore	  three	  receivers	  and	  one	  source	  were	  placed	  in	  the	  thermal	  
envelope.	   The	   placement	   of	   each	   receiver	   can	   be	   seen	   in	   the	   figure	   below.	   The	   source	   is	  
named	  P2,	  receiver	  1	  is	  called	  1,	  receiver	  2	  is	  called	  2	  and	  so	  on.	  
 

 
Placement of the source and receivers in the thermal envelope 
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Reverberation time in the thermal envelope 
On	   site	   the	   reverberation	   time	   is	   only	   going	   to	   be	   measured	   in	   the	   living	   room,	   and	  
therefore	   the	  main	   focus	   regards	   the	   receiver	   in	   the	   living	   room	   (receiver	   1).	   However	   a	  
comparison	  between	  the	  reverberation	  times	  at	  the	  location	  of	  the	  three	  receivers	  has	  been	  
given	  below,	   in	  order	   to	  document	  that	   the	  requirement	  of	  a	   reverberation	  time	  below	  or	  
equal	  to	  0.8s	  is	  respected	  at	  all	  three	  positions	  in	  the	  living	  room.	  
 

 
Reverberation Time 

 
It	   is	   seen	   that	   all	   three	   receivers	   respect	   the	   requirements	   stated	   in	   the	   SDE	   rules.	   The	  
reverberation	  time	  can	  be	  further	  optimized,	  by	  using	  acoustical	  panels	  from	  Troldtekt	  with	  
higher	  absorption	  coefficient.	  
 

 
Troldtekt panel that will be used 

 
When	  analysing	  the	  reverberation	  time	  the	  acoustician	  wants	  the	  reverberation	  time	  to	  be	  
more	   or	   less	   the	   same	   at	   all	   frequency,	   however	   since	   the	   absorption	   coefficients	   vary	  
depending	  on	  the	  frequency,	  the	  reverberation	  time	  will	  vary	  depending	  on	  the	  frequency.	  
When	   the	   house	   is	   furnished	   and	   decorated	   the	   reverberation	   time	   will	   be	   more	   even	  
between	   the	   frequencies.	   	  Measurements	   of	   the	   reverberation	   time	  will	   be	   performed	   in	  
spring	   at	   DTU,	   and	   if	   the	   reverberation	   time	   does	   not	   fulfil	   the	   requirements,	   against	   all	  
expectations,	  several	  improvements	  can	  be	  made.	  The	  improvements	  are	  easy	  to	  implement	  
and	  is	  often	  part	  of	  the	  interior	  design:	  
	  

● Bookcases	  and	  internal	  accessories	  such	  as	  pillows,	  carpets	  etc.	  
● Pictures	  printed	  on	  canvas	  (“acoustic	  pictures”)	  
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During	   initial	   investigations	  of	   the	   reverberation	   time,	   simulations	   regarding	  echo	  has	  also	  
been	   conducted.	   It	   is	   seen	   that	   no	  problems	  with	   echo	  occur	   in	   the	   living	   room	   since	   the	  
sound	   is	   scattered	   long	   before	   the	   critical	   time	   of	   50ms.	   Investigations	   of	   the	   sound	  
circulation	   in	   the	   thermal	   envelope	   have	   also	   been	   executed	   and	   can	   be	   seen	   in	   the	  
following	  section.	  
 

Conclusions after acoustical competition measurements 
Final	   adjustments	   to	   the	  material	   layout	   of	   the	  house	   effecting	   the	   acoustics	   (in	   pros	   and	  
cons)	  is:	  
+	  Additional	  Troldtekt	  panels	  at	  the	  edge	  of	  the	  first	  floor	  
+	  4-‐5	  large	  pillows	  in	  the	  living	  room	  and	  flex	  room	  
-‐	  Troldtekt	  panels	  were	  not	  used	  on	  the	  interior	  north	  and	  south	  wall	  
-‐	   Sealing	   of	   window-‐wall	   connections	   were	   done	   by	   students	   and	   therefore	   likely	   less	  
insulation	  than	  normally.	  	  
	  
The	  facade	  airborne	  sound	  insulation	  was	  measured	  in	  the	  living	  room	  close	  to	  the	  expected	  
Receiver	   1.	   The	   source	   was	   placed	   outside	   the	   architectural	   footprint	   southeast	   of	  
EMBRACE.	  The	  acoustic	  properties	  of	  the	  south	  window	  and	  east	  doors	  therefore	  had	  a	  very	  
large	   influence	   on	   the	   measurement.	   DTU	   was	   awarded	   5,8	   out	   of	   10	   point	   (#7	   overall)	  
which	  corresponds	  to	  the	  sound	  insulation	  value	  measured	  as	  37	  dB.	  The	  properties	  of	  the	  
window	  and	  door	  sealants	  are	  the	  likely	  explaining	  this	  not	  satisfactory	  result.	  
	  
The	  source	  and	  receiver	  of	  the	  reverberation	  time	  measurement	  is	  unknown.	  DTU	  received	  
the	  maximum	  5	  out	  of	  5	  point,	  meaning	  reverberation	  time	  less	  than	  0.8	  seconds,	  along	  with	  
17	   other	   teams.	   The	  measurements	   in	   the	   competition	   showed	   a	   reverberation	   time	   as	   a	  
low	  as	  0.3	  seconds.	  	  
	  
The	   sound	   level	   of	   the	   HVAC	   system	   was	   also	   calculated	   and	   compared	   to	   noise	   rating	  
curves.	  Sound	  attenuators	  and	  placement	  of	  dampers	  in	  the	  ventilation	  system	  where	  done	  
to	  reduce	  noise	  levels.	  DTU	  was	  awarded	  5	  out	  of	  5	  points	  along	  with	  3	  other	  teams,	  and	  the	  
sound	  pressure	  level	  was	  no	  more	  than	  20	  dB(A).	  The	  calculation	  and	  measurement	  results	  
are	  seen	  from	  the	  figure	  below.	  DTU	  finished	  overall	  4th	  in	  the	  acoustical	  part	  of	  the	  comfort	  
conditions	  competition.	  	  
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 05.3.2.4 FIRE SAFETY JUSTIFICATION 
Fire	  Safety	  of	  Embrace	  is	  addressed	  on	  two	  levels:	  human	  safety	  and	  structural	  stability	  and	  
reliability.	   The	   requirements	   for	   fire	   safety	   are	   given	  by	  either	   the	   SD	  Rules	  or	   the	  Danish	  
Building	  Regulation.	  After	  a	  comparison	  of	  the	  two	  guidelines,	  the	  more	  conservative	  ones	  
have	  been	  chosen	  as	  a	  design	  basis.	  
	  
Safe	  evacuation	  and	  structural	  stability	  of	  Embrace	  is	  ensured	  by:	  

• Wide	  enough	  doors	  and	  escape	  corridors	  
• Proper	  access	  to	  the	  site	  and	  the	  house	  of	  the	  fire	  rescue	  services	  
• Provision	  of	  fire	  safety	  device	  (	  2	  smoke	  detectors	  and	  2	  fire	  extinguishers)	  	  
• Limited	  fire	  spread	  by	  fire	  sectioning	  
• Covered	  structural	  elements	  and	  connections	  or	  with	  limited	  fire	  exposure	  
• Compliance	  with	  building	  codes	  and	  SD	  rules	  

	  
Human	   safety	   is	   ensured	   by	   safe	   evacuation	   of	   the	   occupants	   during	   and	   after	   the	  
exhibition.	  It	  has	  been	  calculated	  that	  a	  maximum	  of	  20	  people	  can	  be	  evacuated	  from	  the	  
TE	  and	  46	  from	  the	  WS	  before	  critical	  conditions	  would	  occur.	  
	  
Fire	   resistance	   of	   a	   small	   family	   house	   needs	   to	   be	   R30.	   Structural	   fire	   safety	   of	   the	   TE	  
envelope	   is	  assured	  by	  unexposed	  elements	  and	  connections,	  as	   these	  are	  built	   inside	   the	  
wall	   structure	   of	   the	   modules.	   Connection	   of	   the	   modules	   are	   also	   covered.	   In	   order	   to	  
ensure	  global	  stability,	   the	  TE	  envelope	  needs	  to	  work	  together	  with	  the	  gable	  wall	  during	  
and	   after	   fire	   as	   well.	   Even	   though	   the	   gable	   wall	   is	   an	   exposed	   element,	   structural	   fire	  
safety	  is	  assured	  by	  elements	  with	  a	  larger	  section,	  that	  would	  remain	  resistant	  enough	  even	  
after	  the	  charring	  of	  the	  wood.	  The	  connections	  between	  the	  elements	  of	  the	  gable	  wall	   is	  
designed	  as	  an	   internal	   connection	  with	   limited	   fire	  exposure	  as	   seen	   in	   the	   figure	  below.	  
The	  structure	  of	  the	  flexible	  room	  inside	  the	  weather	  shield	  does	  not	  need	  to	  be	  R30,	  as	  its	  
contribution	  to	  the	  overall	  stability	  of	  the	  house	  during	  and	  after	  fire	  is	  not	  significant.	  	  
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Detailed	  structural	  calculations	  and	  justification	  and	  fire	  protection	  drawings	  can	  be	  found	  in	  
the	  Technical	  Note.	  	  

 
 
 
 
 

The	   design	   of	   the	   supply	   and	   sewage	   water	   systems	   is	   in	   accordance	   with	   the	   Danish	  
Building	  Regulations	  (Building	  Regulation,	  2010).	  Water	  storage	  tanks	  are	  dimensioned	  with	  
appropriate	  safety	  factors	  to	  ensure	  adequate	  capacity	  for	  the	  duration	  of	  the	  competition.	  

05.3.3.1. INSTALLATION, MATERIALS, AND MAINTENANCE 
All	   plumbing	   drain	   installations	   are	   contained	   within	   the	   bottom	  module	   of	   the	   Thermal	  
Envelope,	  the	  supply	  hot	  water	  will	  run	  from	  the	  technical	  room	  mainly	  in	  the	  partition	  wall	  
between	  kitchen	  and	  bathroom.	  The	  freshwater	  tank	  will	  be	  contained	  in	  the	  floor	  modules	  
just	  outside	  of	  the	  bottom	  module.	  The	  technical	  room	  where	  the	  domestic	  hot	  water	  tank	  
and	  the	  hot	  water	  and	  cold	  water	  manifolds	  are	  located	  is	  easy	  to	  access	  from	  the	  outside	  of	  
the	  house	   for	  maintenance.	   The	   grey,	   black	   and	   fresh	   tanks	   inlet	   and	  outlet	  will	   be	   easily	  
accessible	  via	  hatches	   in	   the	   floor	  modules.	  The	  pumps	  are	   located	  either	   in	   the	   technical	  
room	  or	  nearby	  the	  terminals,	  as	  the	  	  pump	  	  placed	  	  below	  	  the	  	  kitchen	  sink,	  so	  that	  to	  be	  
easily	  reached	  in	  case	  of	  failure	  or	  maintenance.	  
	  
Piping	  materials	  for	  the	  water	  supply	  and	  sewage	  systems	  are	  readily	  available	  materials	  on	  
the	  market	  and	  easy	  to	  assemble,	  which	  allows	  for	  trouble-‐free	  maintenance	  of	  the	  system	  
as	   specified	   in	   Rule	   24.5	   Evaluation	   Criteria.	   PEX	   pipes	   from	  Uponor	  will	   be	   used.	   They	   a	  
good	   solution,	   as	   the	   pexinfo	   website	   indicates	   the	   pipes	   are	   easy	   to	   connect	   and	   bend	  
(Tradesmen,	  2006)16.	  PEX	  pipes	  have	  been	  used	  since	  the	  1970’s	  and	  according	  to	  the	  Danish	  
environmental	  institute’s	  investigation	  of	  drinking	  water	  and	  pex	  pipes,	  there	  have	  not	  been	  
any	  concerns	  related	  to	  health	  DKEPA	  (2007)17.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
16 Tradesmen supply (2006) Pex information. Retrieved November 2011 from http://www.pexinfo.com/ 
17 DKEPA (2007), Undersøgelse af PEX rør til drikkevandsbrug, Miljøprojekt nr. 1167, 73 pages. 
Retrieved Nov. 2011 http://www.mst.dk/Publikationer/Publikationer/2007/07/978-87-7052-463-6.htm 

05.3.3. PLUMBING SYSTEM DESIGN 
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05.3.3.2. DOMESTIC HOT WATER TANK AND PIPES INSULATION 
Based	  on	   the	   tapping	  program	  n°2	  as	  defined	   in	  EN	  15316-‐1,	   a	   tank	  of	  50	   liters	  would	  be	  
sufficient.	  However,	  based	  on	  the	  Sub-‐contest	  6.7:	  Hot	  water	  draws,	  the	  domestic	  hot	  water	  
tank	  will	  have	  a	  size	  of	  180	  liters.	  Indeed	  not	  only	  the	  draws	  off	  of	  the	  sub-‐contest	  have	  to	  
be	  taken	  into	  account	  but	  some	  appliances	  in	  the	  house	  such	  as	  the	  dishwasher,	  dryer	  and	  
the	  washing	  machine	  requires	  hot	  water	  to	  operate	  in	  a	  energy	  efficient	  way.	  	  
The	   water	   for	   the	   radiant	   floor	   comes	   from	   a	   separate	   buffer	   tank	   connected	   to	   a	   heat	  
pump,	  with	  a	  volume	  of	  750	  lt.	  
See	  Drawing	  PL101,	  for	  a	  figure	  of	  the	  water	  supply	  and	  sewerage	  system.	  
	  
As	  shown	  in	  11.	  Detailed	  water	  budget,	  the	  daily	  water	  consumption	  has	  been	  evaluated	  in	  
function	  of	   the	  activities	  declared	   in	   the	  competition	  calendar.	  This	  has	  been	  done	   to	   size	  
the	  fresh,	  grey	  and	  black	  water	  tank.	  The	  minimum	  size	  calculated	  is	  980,	  96,	  675	  liters	  for	  
fresh,	   black	   and	   grey	   water	   respectively.The	   water	   pipes	   diameter	   have	   been	   selected	   in	  
order	   to	  minimize	   the	  waiting	   time	  and	  heat	   losses	   (in	  case	  of	  hot	  water)	   trying	   to	  do	  not	  
overcome	  a	  maximum	  velocity	  of	  1.5	  m/s	  for	  the	  water	  in	  the	  pipes	  (max	  velocity	  calculated	  
in	  the	  loop	  is	  2.5	  m/s).	  	  
Pipes	   for	  water	   supply	   (cold	   and	   hot)	   system	   in	   the	   house	   are	   PEX	   15x2.5	   protected	  with	  
external	  pipe	  diameter	  of	  25	  mm.	  All	  the	  hot	  water	  pipes	  will	  be	  insulated	  with	  at	   least	  15	  
mm	  PUR	  foam	  with	  a	  thermal	  conductibility	  of	  0,04	  W/mK.	  Thermal	  resistance	  of	  the	  pipes	  
material	   has	  been	   considered.	   The	   thermal	   conductibility	   of	   the	  PEX	   is	   assumed	   to	  be	  0.4	  
W/mK.	   The	   outer	   surface	   heat	   transfer	   coefficient	   of	   the	   insulated	   pipe	   a2	   is	   9	   W/m2K.	  
Water	   supply	   circuits	   are	   individual	   for	   each	   tapping	   point	   and	   connected	   to	   supply	  
manifold.	  All	  supply	  water	  pipes	  and	  sewage	  pipes	  are	  hidden	  in	  an	  installations	  wall.	  
Based	  on	  the	  short	  pipes	  routing	  and	  the	  concentration	  of	  the	  water	  appliances	  in	  one	  part	  
of	   the	  house,	   recirculation	  has	  been	  assumed	  not	  necessary.	  The	   	  waiting	  time	   less	   than	  9	  
sec	  has	  been	  calculated	  for	  the	  kitchen	  sink.	  This	  terminal	  has	  been	  selected	  because	  is	  the	  
furthest	  one	  designed	  for	  a	  small	  tapping	  of	  	  0.15	  l/s.	  Also	  the	  heat	  flow	  coefficient	  [W/mK]	  
and	  the	  Φ,	  heat	  loss	  of	  pipe	  [W]	  have	  been	  calculated	  for	  the	  kitchen	  sink	  flow/routing.	  	  
	  
See	  the	  section	  “Technical	  Note	  on	  DHW	  tank	   insulation	  and	  hydraulic	  pipes	  ”	  for	  further	  
details	  and	  data	  about	  the	  calculations.The	  routing	  can	  be	  found	  in	  the	  drawing	  PL-‐001	  and	  
PL-‐101.	  
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05.3.3.3. WATER CYCLE  

Tanks 

Tank*	   Size	  (HxLxW	  mm)	   Fitting	  1	   Fitting	  2	   Fitting	  3	  

Potable	  water	  	   590x1240x1590	  
(1000	  lt)	  

House	   water	  
supply,	  25	  mm	  

Inspection	   door	   to	  
be	   used	   for	   water	  
delivery	   if	   Φ	   >	  
131mm	  

Inspection	   door	   to	  
be	   used	   for	   water	  
delivery	   if	   Φ	   >	  
131mm	  

Black	  water	   330x820x415	  
(96	  lt)	  

Water	   removal,	  
140	  mm	  

Exhausted	   water	  
inlet,	  from	  70	  mm	  	  

-‐	  

Grey	  water	   590x1240x1590	  
(1000	  lt)	  

Inspection	  door	  to	  
be	   used	   for	   water	  
delivery	   if	   Φ	   >	  
131mm	  

Exhausted	   water	  
inlet	  
70	  mm	  

Outlet	  for	  
irrigation,	  25	  mm	  

*See	   Detailed	   water	   budget,	   section	   11,	   and	   PL-‐001,	   for	   more	   details	   about	   water	  
consumption	  estimated	  in	  Versailles,	  tanks	  and	  fittings	  characteristics.	  
	  
Tank	  Locations	  

• The	  1000	  L	  freshwater	  tank	  has	  been	  located	  on	  the	  north	  side	  of	  the	  “hobby	  room”.	  
It	  is	  placed	  at	  the	  level	  of	  the	  and	  	  floor.	  It	  will	  be	  fully	  covered	  by	  a	  rigid	  envelope	  
which	  hides	  the	  reservoir,	  transforming	  it	  in	  a	  bench.	  This	  is	  done	  in	  order	  to	  protect	  
it	   from	   solar	   gains	   and	   keep	   it	   separated	   by	   the	   grey/black	   tanks.	   This	   space	   is	  
considered	  fully	  shaded	  and	  outside	  the	  measurable	  area,	  as	  stated	  in	  rule	  8.1.	  

• The	  96	  L	  blackwater	  tank	  is	  located	  beneath	  the	  floor	  deck,	  at	  the	  kitchen	  side	  (west	  
facade).	  It	  is	  located	  in	  the	  floor	  in	  order	  to	  protect	  it	  from	  solar	  gains.	  This	  space	  is	  
considered	  fully	  shaded	  and	  outside	  the	  measurable	  area,	  as	  stated	  in	  rule	  8.1.	  

• The	  1000	  L	  greywater	  tank	  is	  located	  above	  the	  terrace	  accessible	  from	  the	  1st	  floor	  
bedroom,	   under	   the	   sheltered	   garden	   but	   outside	   the	  measurable	   area.	   It	  will	   be	  
fully	   covered	   by	   a	   rigid	   envelope	   which	   hides	   the	   reservoir,	   transforming	   it	   in	   a	  
bench.	  So	  it	  can	  be	  considered	  fully	  shaded.	  

• 	  

Water Delivery-removal 
The	   fresh	  water	   tank	   is	   sized	   to	   provide	   the	  maximum	   amount	   of	  water	   for	   one	  week	   of	  
competition.	   The	   grey	   and	   black	   water	   tanks	   are	   sized	   to	   store	   the	  maximum	   amount	   of	  
exhausted	  water,	  calculated	  for	  one	  week	  of	  competition	  as	  well.	  
Based	  on	  the	  comments	   in	   the	  evaluation	  of	  delivery	  3,	   the	  competition	  declared	  that	   the	  
water	  will	  be	  supplied	  two	  times	  (once	  at	  the	  beginning	  and	  once	  in	  the	  end)	  and	  it	  will	  be	  
removed	  twice	  (once	  in	  the	  middle	  of	  the	  competition	  and	  once	  in	  the	  end).	  
-‐1st	  water	  delivery	  from	  the	  23	  to	  25th	  of	  June	  
	   	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Engineering	  and	  Construction	   129	  

	  

Fresh	  water	  tank	  filling,	  for	  cold	  water	  loop	  (tapping):	  1000	  lt.	  
Buffer	  tank	  (for	  radiant	  floor):	  750	  lt	  plus	  25-‐30	  lt	  estimated	  to	  fill	  the	  radiant	  floor	  pipes.	  

• 2nd	  water	  delivery	  on	  the	  25th	  of	  July.	  
o 100	   lt	   of	   fresh	   water	   estimated	   (this	   is	   the	   maximum	   amount	   of	   water	  

estimated	  to	  be	  used	  the	  day	  before	  by	  the	  team	  to	  test	  the	  appliances	  of	  
the	  house)	  

• 3rd	  water	  delivery	  on	  the	  7th	  of	  July.	  
o 980	  lt	  of	  fresh	  water	  estimated	  	  

• 1st	  water	  removal	  7th	  of	  July	  	  
o 96	  lt	  of	  black	  water	  and	  600-‐700	  lt	  of	  grey	  water.	  

• 2nd	  water	  removal	  15th	  of	  July	  	  
o 60-‐80	  lt	  of	  black	  water,	  375	  lt	  of	  grey	  water,	  320	  lt	  to	  empty	  the	  fresh	  water	  

tank	  and	  other	  750	   to	  empty	   the	  buffer	   tank	   (for	   radiant	   floor).	  Maximum	  
1500	  lt	  in	  total.	  

	  
See	   Detailed	   water	   budget,	   section	   11	   for	   more	   details	   about	   water	   delivery/removal,	  
fittings	  size	  and	  location	  of	  the	  SDE	  Organization	  flow	  meter.	  
 

Versailles scenario 

 
Grey water and washing machine location in Paris: 

 

During	   the	   competition	   the	   house	   has	   to	   be	   independent,	   therefore	   needs	   all	   the	  
equipment,	  both	  HVAC	  installation	  and	  washing	  machine	  and	  dryer.	  
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Copenhagen scenario: 

 
Grey water and washing machine location in Copenhagen: 

·         
The	  HVAC	  equipment	   is	   capable	  of	   providing	  heating	   and	   cooling	   for	   4	   houses.	   The	  HVAC	  
system	   is	   located	   in	   independent	   building,	   located	   on	   the	   roof	   top.	   This	   means	   that	   the	  
rooms	   used	   as	   Technical	   Rooms	   are	   free,	   thus	   the	   washing	   machine	   and	   the	   dryer	   can	  
occupy	  the	  Ex-‐Technical	  Rooms	  of	  two	  houses	  	  and	  be	  shared	  among	  4	  houses	  as	  well.	  Also	  
the	  grey	  water	  tank	  can	  be	  located	  in	  the	  same	  space,	  in	  this	  way	  the	  risks	  of	  water	  freezing	  
both	  in	  the	  pipes	  and	  in	  the	  reservoir	  is	  avoided.	  

05.3.3.4. CONTROL SYSTEM 
Water	  supply,	  pressurizing	  pump	  (Grundfos	  CMB-‐SP	  1-‐36	  or	  CMB-‐SP	  3-‐28)	  

Input	   Pressure	  drop	  

Output	   On/off	  pump	  

Specification	   The	  pump	  only	  turns	  on	  if	  the	  sensor	  monitors	  a	  pressure	  drop	  in	  the	  system.	  This	  is	  an	  
automatically	  solution	  which	  requires	  no	  additional	  control.	  

	  	  
Hot	  water	  circulation	  pump	  (Vortex	  	  BWO	  	  155	  	  motor,	  compatible	  with	  Grundfos	  UP	  15-‐13	  
pump)	  

Input	   External	  signal	  from	  relay.	  

Output	   On/off	  pump	  

Specification	   The	   	  pump	   	   is	   turned	  on	  by	   the	   relay	   installed	   in	   the	  appliance	  and	  only	  when	  one	  or	  
more	   of	   the	   appliances	   are	   turned	   on.	   Appliances	   are	   equipped	   with	   a	   check	   valve,	  
which	  prevents	  flow	  in	  the	  circuits	  if	  the	  machine	  is	  not	  in	  use.	  	  

	  	  
Drain	  water	  (Grundfos	  Sololift2	  C-‐3	  lifting	  station)	  

Input	   External	  signal	  from	  relay.	  

Output	   On/off	  pump	  

Specification	   The	  lifting	  pump	  is	  self	  initiated,	  it	  is	  activated	  by	  a	  floating	  sensor	  which	  record	  
the	  level	  of	  the	  water	  in	  the	  pump	  cassette.	  	  
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Pump	  of	  the	  solar	  loop	  

Input	   Outflow	  temperature	  of	  the	  collector	  
Tank	  temperature	  at	  a	  specific	  layer	  in	  the	  tank	  

Output	   On/off	  pump	  

Specification	   If	   the	   differential	   between	   the	   outflow	   of	   the	   collector	   and	   the	   tank	   temperature	   is	  
more	  than	  a	  certain	  degree	  the	  pump	  are	  turned	  on	  

	  	  
Electrical	  heater	  (integrated	  in	  the	  DHW	  tank)	  

Input	   Tank	  temperature	  at	  a	  specific	  layer	  in	  the	  tank	  

Output	   On/off	  heater	  

Specification	   If	  the	  temperature	  of	  the	  layer	  is	  below	  a	  certain	  value,	  the	  heater	  is	  turned	  on	  

	  	  

05.3.3.5. WATER RECYCLING  

Grey Water Reuse 
The	   grey	  water	  will	   be	   used	   as	   a	   support	   for	   agriculture	   (to	   irrigate	   a	   green	  wall)	   and	   for	  
cleaning	  purpose.	  
Grey	  water	  collected	  in	  an	  independent	  tank	  after	  a	  UV	  treatment	  and	  rain	  water	  is	  directly	  
used	  for	  agriculture:	  

 
  

Rainwater collection   
The	  rain	  water	  is	  directly	  collected	  in	  the	  tank	  for	  Hydroponic	  agriculture.	  The	  greywater	  and	  
rain	  water	  loops	  are	  separate.	  
	  
Hydroponic	  agriculture	  system	  
The	  rain	  water	  will	  be	  collected	   in	  a	  flat	  tank	  suitable	  for	  the	  Hydroponics	  agriculture.	  This	  
means	   that	   is	  needed	  a	  control	   system	  equipped	  with	  a	   float	  which	  keeps	   the	  water	   level	  
constant:	  when	  rainwater	  is	  fed	  an	  exhaust	  valve	  opens.	  
	  
In	   this	   case	   the	   Hydroponic	   typology	   selected	   is	   the	   deep	   water	   culture	   (called	   also	   raft	  
hydroponics	   system).	   The	   water	   culture	   system	   is	   the	   simplest	   of	   all	   active	   hydroponic	  
systems.	  The	  platform	  that	  holds	  the	  plants	  is	  usually	  made	  of	  Styrofoam	  and	  floats	  directly	  
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on	  the	  nutrient	  solution.	  An	  air	  pump	  supplies	  air	  to	  the	  air	  stone	  that	  bubbles	  the	  nutrient	  
solution	  and	  supplies	  oxygen	  to	  the	  roots	  of	  the	  plants.	  Water	  culture	  is	  the	  system	  of	  choice	  
for	  growing	   leaf	   lettuce,	  which	  are	   fast	  growing	  water	   loving	  plants,	  making	  them	  an	   ideal	  
choice	  for	  this	  type	  of	  hydroponic	  system.	  

18          

 

The	  rainwater	  will	  pass	  through	  a	  grating	  placed	  in	  the	  roof,	  acting	  as	  a	  first	  filtering	  system	  
and	  subsequently	  collected	  in	  the	  green	  system.	  

 
Hydroponic system visualization 

05.3.3.6 WATER BALANCE CONCLUSION AFTER COMPETITION 
Team	  DTU	  used	   2001	   l	   potable	  water	   during	   the	   competition	   according	   the	   installed	   flow	  
meter.	  DTU	  was	  granted	  15,01	  out	  of	   20	  points	   for	   this	   competition	  and	  according	   to	   the	  
rules	   this	   means	   that	   the	   team	   with	   the	   lowest	   water	   consumption	   used	   1502	   l.	   It	   is	  
concluded	   that	   the	  water	   balance	  was	   successfully	  managed	   and	  DTU	  was	   awarded	   a	   6th	  
place	  in	  the	  particular	  competition.	  	   	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
18 http://www.simplyhydro.com/system.htm 
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The	  electrical	   infrastructure	  should	  be	  efficient,	   flexible	  to	  expand,	  economical	  to	  maintain	  
and	   operate.	   Major	   factors	   to	   be	   included	   in	   the	   design	   and	   analysis	   of	   the	   system	   are:	  
proper	   voltage	   levels,	   balances	   and	   quality,	   system	   capacity,	   reliability	   and	   redundancy,	  
steady	  state	  and	  transient	  loads,	  short	  circuit	  protection,	  voltage	  drop,	  and	  protective	  device	  
coordination.	   The	   power	   system’s	   design	   meet	   the	   Danish	   (DS)	   and	   European	   (CEN)	  
standards,	   International	   Electrotechnical	   Commission's	   standard	   (IEC	   60364),	   low	   voltage	  
installations	  in	  France	  (NFC	  15-‐100),	  and	  other	  applicable	  codes	  and	  standards.	  
	  
System	  integration	  is	  a	  critical	  element	  in	  project	  design,	  especially	  the	  electrical	  system	  as	  
electricity	   is	   a	   daily	   necessity	   in	   the	   developed	   and	   developing	   world.	   During	   the	   design	  
phase	  one	  of	  the	  main	  focuses	  was	  the	  weather’s	  shield	  roof	  in	  order	  to	  host	  a	  photovoltaic	  
installation.	   Moreover	   the	   inclination	   was	   a	   critical	   factor	   so	   as	   to	   be	   as	   sufficient	   and	  
efficient	  as	  possible	  for	  photovoltaics	  operation	  and	  also	  for	  house’s	  functionality.	  
	  
EMBRACE	   promotes	   the	   sense	   of	   common	   sharing	   services	   and	   products	   like	   household	  
appliances.	   The	   core	   of	   the	   electrical	   system,	   the	   technical	   room,	   is	   easily	   accessible	   for	  
maintenance	  and/or	  troubleshooting..	  
	  

05.3.4.1 ELECTRICAL SYSTEM CALCULATIONS 
The	  electrical	  system	  is	  described	  in	  this	  section	  while	  the	  PV	  system	  is	  described	  at	  the	  next	  
section.	  	  	  
The	  electrical	   installation	   follows	  certain	   rules	   in	  order	   to	  protect	   the	  users	  and	  also	   to	  be	  
able	  to	  connect	  to	  the	  electricity	  grid	  of	  the	  region.	  The	  standards	  for	  the	  house	  industry	  are	  
determined	   by	   the	   National	   House	   Building	   Council	   (NHBC).	   Most	   building	   societies	   and	  
other	  mortgage	  lenders	  require	  compliance	  with	  NHBC	  requirements.	  The	  EMBRACE	  follows	  
the	   requirements	   and	   its	   electrical	   system	   is	   designed	   according	   to	   those	   and	   the	   SDE	  
organization	  requirements.	  
	  

05.3.4. ELECTRICAL SYSTEM DESIGN 
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 Overview of the electrical system (EL501) 

The conductors 
Line	  or	  phase:	  This	  is	  colored	  brown	  for	  both	  fixed	  wiring	  and	  flexible	  cables.	  
Neutral:	  This	  is	  colored	  blue	  for	  both	  fixed	  wiring	  and	  flexible	  cables.	  
Circuit	   protective	   conductor	   (cpc)-‐PE:	   This	   is	   identified	  by	   the	  bi-‐color	   combination	   green-‐
and-‐yellow.	  

	  
The	   1,5mm2	   and	   2,5mm2	   NOIKLX	   cables	   used	   are	   halogen	   free,	   insulated	   and	   made	   of	  
copper	   and	  have	  a	  minimum	  nominal	   voltage	  of	  300/500V.	   The	   type	  of	   each	   conductor	   is	  
described	  and	  picked	  according	  to	  the	  following	  restrictions.	  

 
 Bacles used for the electrical system 
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Earth	  wires	  are	  exposed,	  untinned	  copper	  mono-‐clone	  cables	  (the	  orange	  color)	  was	  picked	  
as	  the	  drawings	  illustrate.	  
 
Protection and calculations strategy for the voltage drop 
When	  circuit	  conductors	  carry	  load	  current,	  a	  voltage	  drop	  occurs	  in	  the	  conductors	  due	  to	  
their	  resistance	  (impedance).	  This	  voltage	  drop	  has	  to	  be	  taken	   into	  account	  during	  design	  
procedure,	   in	   order	   to	   ensure	   the	   safe	   and	   satisfactory	   operation	   of	   current-‐using	  
equipment,	  it	  is	  necessary	  to	  limit	  the	  voltage	  drop	  in	  the	  house	  circuits.	  
	  
The	  general	  requirement	  relating	  to	  this	  issue	  is	  that	  the	  voltage	  drop	  between	  the	  origin	  of	  
the	   installation	   (usually),	   the	   supply	   terminals	   and	   the	   terminals	   of	   fixed	   current-‐using	  
equipment,	  will	  be	  deemed	  to	  be	  satisfactory	  if	  it	  does	  not	  exceed	  that	  stated	  in	  Section	  6.4	  
of	   Appendix	   4	   of	  BS 7671.	   For	   low	   voltage	   installations	   supplied	   direct	   from	  a	   public	   low	  
voltage	   distribution	   system,	   the	   maximum permitted	   value	   of	   voltage	   drop	   for	   a	   lighting	  
circuit	  is	  3%	  of	  the	  nominal	  supply,	  as	  follows:	  

	  

	  

The	  used	  equation	  needed	  to	  calculate	  the	  voltage	  drop	  of	  the	  lines	  is	  given	  by	  the	  equation	  
below:	  

	  

	  	  

Where:	  
Ib	  is	  the	  design	  current	  
L is	  the	  cable	  length	  in	  meters	  

 is	  the	  value	  from	  the	  appropriate	  table	  in	  Appendix	  4	  of	  BS	  7671.	  

	  
Multi	  core	  armored	  cable	  characteristic	  with	  copper	  conductors	  

	  
The	  calculated	  voltage	  drop	  should	  not	  exceed	  the	  6.9V	  defined	  before.	  Thus	  the	  cables	  are	  
picked	  based	  on	  that	  criterion.	  The	  tables	  below	  summarize	  the	  loads	  that	  are	  connected	  to	  
each	   line	   having	   considered	   their	   position	   (length	   of	   cables)	   and	   the	   cross	   section	   of	   the	  
lines.	  
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Current capacity of the conductors 
In	  order	  for	  the	  live	  conductors	  to	  be	  protected	  against	  short-‐circuit	  currents,	  their	  value	  of	  
table	  must	  be	   greater	   than	   the	   value	  of	   let-‐through	   current	   that	  will	   run	  during	   the	   short	  
circuit	  that	  is	  the	  maximum	  current	  of	  the	  protective	  device	  for	  each	  part	  of	  the	  line.	  
	  

05.3.4.2 ELECTRICAL COMPONENTS INSTALLED 

Main circuit breaker  
 
The	  SDE	  organization	  requires	  from	  the	  main	  circuit	  breaker	  to	  have:	  

● breaking	  capacity	  of	  6kA	  minimum	  
● rated	  current	  of	  63A	  maximum	  
● overload	  and	  short	  circuit	  trip	  mechanism	  
● RCD	  of	  medium	  sensitivity	  (300mA)	  
● protection	  by	  30	  mA	  sensitive	  RCDs	  for	  all	  the	  circuits	  

	  	  
The	  chosen	  component	  for	  the	  main	  current	  breaker	  is	  the	  NG160	  of	  Schneider	  Electric	  that	  
fulfills	  the	  requirements.	  	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Engineering	  and	  Construction	   137	  

	  

 
 

Residual current device RCD 
 
A	   residual	   current	   device	   (RCD)	   is	   a	   life-‐saving	   electro-‐mechanical	   device	   designed	   to	  
prevent	  people	  receiving	  a	   fatal	  electric	  shock	   if	   they	  touch	  something	   live,	  such	  as	  a	  bare	  
conductor.	  Moreover	   thus	   devises	   protect	   against	   fire	   risk	   and	   other	   thermal	   effects.	   The	  
SDE	  organization	  requires	  from	  the	  main	  circuit	  breaker	  to	  have	  obligatory	  protection	  by	  30	  
mA	   sensitive.	   Instead	   of	   one	   main	   RCD	   Multiple	   RCDs	   are	   used	   to	   isolate	   the	   electrical	  
circuits	  so	  as	  if	  a	  fault	  occurs	  to	  one	  of	  the	  circuits	  the	  rest	  can	  operate	  normally.	  The	  exact	  
position	  of	   the	  devices	   is	   showed	   in	   the	  drawings	  EL-‐502,	  EL-‐503	  and	  EL-‐505.	  RCDs	  of	  40A	  
and	  30mA	  sensitivity	  are	  placed	  according	  to	  the	  drawings	  inside	  the	  distribution	  board.	  For	  
the	  PV	  installation	  the	  RCD	  protection	  is	  described	  later.	  
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The main RCD of the electrical system 
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AC Circuit breakers 
For	  the	  AC	  part	  the	  selected	  device	  for	  the	  protection	  against	  overload	  and	  overcurrent	  is	  a	  
circuit	  breaker	  (magnetothermal)	  that	  is	  placed	  inside	  the	  technical	  room	  and	  it	  is	  placed	  to	  
protect	   the	   inverter	   in	   case	  of	   an	   incident.	   	  Nowadays	   it	   is	  more	   interesting	   to	  use	   circuit	  
breakers	  instead	  of	  fuses,	  because	  of	  several	  reasons:	  

● They	  do	  not	  need	  to	  be	  changed	  after	  their	  action	  
● They	  can	  indicate	  their	  state	  at	  any	  moment	  
● Possibility	  of	  separation	  and	  isolating	  of	  circuits	  during	  maintenance	  
● Energy	  losses	  are	  eliminated	  
● Better	  protection	  curve	  

	  	  
The	   requirements	  mention	   that	   it	   is	  necessary	   to	  have	  an	   independent	  circuit	  breaker	   for,	  
Lighting,	  Sockets	  (general	  use	  and	  refrigerator),	  Hood,	  Oven,	  Washing	  machine,	  Dishwasher,	  
Electric	  water	  heater,	  Ventilation,	  respectively.	  The	  drawing	  EL-‐505	  shows	  the	  breakers	  and	  
the	  individual	  lines	  that	  protect.	  

Bathroom socket and lights 
According	   to	   the	   IEE	   regulations	   for	   bathrooms	   no	   socket	   or	   lights	   is	   placed	   inside	   the	  
danger	  zones	  and	  also	  the	  ventilation	  fan	  	  

 
 Bathroom electrical system 

 

Cable conduit 
Plastic	  conduit	  and	  trunking	  will	  resist	  all	  the	  usual	  agro-‐chemical	  materials	  and	  water.	  Fears	  
about	  attack	  by	  vermin	  are	  usually	  unfounded,	  unless	  conduit	  or	  trunking	  blocks	  holes	  that	  
have	  previously	  been	  used	  as	   traffic	   routes	  by	   rodents.	  Rats	  and	  mice	  may	  sometimes	  eat	  
soft	   polythene	  or	  plasticized	  PVC	   cable	   insulation,	   but	   they	   are	  not	  normally	   interested	   in	  
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unplasticized	  PVC	  conduits.	  The	  conduits	  main	  advantages	  are:	  Physical	  protection,	  human	  
touching,	   temperature	   exposition	   of	   cables,	   ambient	   conditions,	   solar	   radiation,	   humidity	  
etc.	  	  
	  

 
Cable conduits for the electrical system 

 

 

05.3.5.1. GENERAL DESCRIPTION  
The	   weather	   shield	   will	   be	   covered	   by	   two	   types	   of	   technology	   of	   PV	   modules	   that	   will	  
contribute	  differently	  to	  the	  total	  installation.	  The	  weather	  shield	  with	  a	  total	  area	  of	  almost	  
110	   m2	   will	   contain	   customized	   photovoltaic	   modules	   and	   semi-‐transparent	   PV	   panels	  
following	   the	   tilt	   angle	  of	  23°,	  provided	  by	   the	  design	  of	   the	   roof.	   The	   tilt	   angle	   is	   chosen	  
regarding	   several	   parameters	   such	   as	   the	   height	   of	   the	   total	   construction	   based	   on	   the	  
competition’s	  rules	  and	  the	  height	  of	  the	  vertical	  sides.	  The	  types	  and	  the	  specifications	  of	  
the	  modules	   are	   represented	   at	   later	   chapters.	   Both	   types	   are	   commercially	   used	  models	  
and	   they	   fulfill	   all	   the	   safety	   criteria	   and	   warranty	   restrictions.	   Considering	   the	   main	  
characteristics	  of	  electricity	  of	  the	  Embrace	  it	  can	  be	  divided	  in	  to	  	  two	  main	  parts:	  
	  

● DC	  PART:	  from	  the	  PV	  generator	  to	  the	  inverter	  input,	  the	  main	  characteristic	  of	  this	  
part	   is	   that	   the	   electricity	   is	   delivered	   as	   DC	   current.	   In	   this	   part	   are	   included	   PV	  
modules,	  supporting	  structures,	  wires,	  DC	  connection	  boxes	  and	  the	  DC	  protections.	  

● AC	   PART:	   from	   inverter	   to	   public	   electricity	   grid,	   in	   this	   part	   the	   electricity	   is	  
delivered	  as	  AC	  current.	   In	   this	  part	  are	   included	   the	   following	  elements:	   inverter,	  
wires,	   protective	   elements	   and	   a	   metering	   device	   intended	   to	   measure	   the	  
electricity	  injected	  to	  the	  grid.	  

This	   division	   is	   useful	   when	   a	   PV	   system	   is	   connected	   to	   the	   grid	   and	   its	   constitutive	  
elements	   are	   described.	   Nevertheless,	   there	   is	   a	   key	   element	   of	   grid	   connected	   systems	  
which	  is	  related	  to	  the	  DC	  and	  the	  AC	  parts;	  namely,	  metal	  works	  and	  earth	  electrode.	  Such	  
elements	  are	  elements	  of	  the	  safety	  system	  of	  the	  PV	  grid	  connected	  system	  and	  are	  
intended	  to	  protect	  against	  electrical	  shocks.	  
 

05.3.5. PHOTOVOLTAIC SYSTEM DESIGN 
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Batteries 
No	  hard-‐wired	  batteries	  will	  be	  used	  in	  the	  EMBRACE	  to	  store	  the	  produced	  energy	  during	  
the	   SDE	   competition,	   apart	   from	   the	   non-‐rechargeable	   batteries	   that	   are	   used	   in	   house’s	  
controllers.	  
	  
As	   it	   has	   already	   been	   discussed,	   the	   available	   area	   for	   PV	   installation	   can	   host	   a	   larger	  
number	  of	  panels	  and	  as	  a	  result	   the	  house	  can	  produce	  much	  more	  than	  5	  kWp	   installed	  
power.	  In	  that	  case,	  considering	  the	  house	  being	  located	  in	  Nordhavn,	  the	  PV	  installation	  can	  
produce	  an	  excess	  amount	  of	  energy	  that	  will	  be	  used	  by	  the	  inhabitants	  of	  the	  building	  that	  
hosts	  EMBRACE	  or	  can	  be	  stored	  in	  electric	  vehicles´	  and/or	  bikes´	  batteries.	  

05.3.5.2. THE INVERTER 
The	  inverter	  that	  will	  be	  used	  for	  the	  project	  is	  CONTEXT	  RL	  5000	  E	  	  from	  Schneider	  Electric.	  
The	  system	  consists	  of	  one	  inverter	  to	  meet	  the	  requirements	  defined	  by	  the	  organization.	  
The	   recommended	  maximum	  PV	  power	   is	   5000	  Wp.	  The	   specifications	  of	   the	   inverter	   are	  
listed	  in	  the	  table	  below.	  For	  the	  contest	  some	  of	  the	  panels	  are	  not	  connected	  in	  order	  not	  
to	   exceed	   the	   5000Wp	   installed	   power	   which	   is	   allowed	   for	   the	   competition,	   whereas	   in	  
Denmark	  the	  extra	  panels	  will	  be	  connected	  having	  	  4940Wp	  installed	  power.	  The	  maximum	  
AC	  output	  current	   is	   listed	  at	  230	  volts	  with	  23.2	  amps.	  The	  AC	  grid	  frequency	  is	  46-‐55	  Hz.	  
These	  conditions	  comply	  with	  over/under	  voltages	  and	  frequency.	  The	  nominal	  power	  factor	  
is	  0.97,	  with	  a	  peak	  inverter	  efficiency	  of	  94.3	  %.	  The	  inverter	  is	  able	  to	  operate	  at	  ambient	  
temperature	   range	   -‐25°C	   to	   60°C	  with	   a	   nominal	   ambient	   operating	   temperature	   ≤	   25°C.	  
During	  the	  night	  the	  inverter	  will	  consume	  below	  1	  W.	  The	  tables	  below	  show	  the	  standards	  
for	  Schneider	  RL	  5000	  series	  taken	  from	  the	  datasheet.	  
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Specification	  for	  RL	  5000	  Inverters 

 



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Engineering	  and	  Construction	   143	  

	  

05.3.5.3. TRANSPARENT PV MODULE 
The	  panels	  that	  cover	  the	  part	  of	  the	  weather	  shield	  where	  the	  sunlight	  is	  needed	  to	  pass	  to	  
the	  area	  below	  are	  named	  transparent	  panels.	  The	  type	  of	  PV	  that	  is	  used	  for	  the	  installation	  
is	   the	   Gaia	   Solar	   Transparent	   Line	   110	  Wp	   panels.	   All	   the	   24	   panels	   are	   monocrystalline	  
silicon.	  Gaia	  Solar	  is	  providing	  these	  panels	  and	  their	  characteristics	  are	  not	  defined	  yet.	  The	  
panels	  are	  estimated	  to	  contain	  27	  cells	  which	  correspond	  to	  a	  maximum	  output	  power	  of	  
110Wp	  each.	   The	   characteristics	   of	   the	   Transparent	   Line	   are	   described	   below	   and	   for	   the	  
calculations	  and	  the	  electrical	  connections	  that	  estimated	  values	  are	  used.	  More	  information	  
regarding	   the	   PV	   modules	   compliance	   with	   IEC	   standards,	   will	   be	   provided	   in	   a	   later	  
deliverable.	   The	  24	  panels	  will	   be	   interconnected	   forming	  one	   the	   “Transparent	   string”	   as	  
shown	  in	  the	  designs	  PV	  001	  and	  PV	  011.	  The	  figure	  below	  shows	  the	  drawing	  of	  the	  panels.	  
 

 

 
Transparent	  Line	  –	  Gaia	  solar 
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05.3.5.4. OPAQUE PV MODULES 
The	   second	   type	  of	  photovoltaic	  panels	   that	   are	  used	   for	   the	   installation	   is	   the	  Gaia	   Solar	  
Black	  Line	  225	  Wp.	  These	  panels	  will	  cover	   the	  part	  of	   the	  weather	  shield	  over	   the	  house.	  
The	   panels	   contain	   of	   54	   cells	   made	   of	   monocrystalline	   silicon.	   Each	   one	   has	   maximum	  
output	  power	  of	  225Wp.	  More	   information	  regarding	  the	  PV	  modules	  compliance	  with	  IEC	  
standards,	  are	  provided	  in	  the	  next	  chapter.	  The	  panels	  will	  be	  interconnected	  forming	  the	  
“Opaque	  string”	  as	  shown	  in	  the	  electrical	  designs	  PV-‐001	  and	  PV-‐011.	  
 

 
Datasheet for  PV modules Gaia Solar Black Line 225Wp 

05.3.5.5. PV SYSTEM OVERVIEW 
Each	  of	  the	  strings	  are	  chosen	  based	  on	  the	  MPP	  limitations.	  The	  final	  electric	  parameters	  of	  
the	  panels	  and	  of	  the	  inverter	  are	  described	  in	  the	  following	  tables.	  

Electrical parameters of the PV modules and the Schneider inverter 
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CONTEXT	  RL	  5000	  E	  	  has	  the	  characteristics	  that	  are	  shown	  above.	  The	  maximum	  power	  of	  
the	  inverter	  is	  fixed	  to	  5000W	  and	  input	  DC	  maximum	  voltage	  is	  500V,	  while	  DC	  maximum	  
current	  is	  18	  A	  per	  string.	  The	  peak	  power	  tracking	  voltage	  for	  the	  inverter	  is	  180-‐500.	  The	  
two	   strings	   of	   panels	   are	   designed	   in	   a	   way	   that	   fulfill	   the	  MPP	   input	   characteristics	   per	  
string.	  The	  PV	  system	  of	  the	  Embrace	  is	  also	  designed	  to	  fulfill	  the	  inverter	  requirements:	  

 

 

Where:	  
NM:	  the	  number	  of	  the	  modules	  
NS:	  the	  number	  of	  the	  strings	  
	  
To	  verify	  that	  the	  system	  is	  within	  the	   limitations	  the	  temperature	  coefficient	   is	  taken	  into	  
account.	  As	  the	  manufactures	  provides	  for	  the	  temperature	  range	  of	  -‐40	  to	  85	  oC	  we	  get:	  

	  
	  

Temperature dependence of the PV modules

 
For	  each	  of	  the	  strings	  the	  values	  fulfil	  the	  requirements.	  

 



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Engineering	  and	  Construction	   146	  

	  

05.3.5.4. SOLAR COLLECTORS 
The	  solar	  collectors	  are	  described	  in	  Section	  05.3.7	  Solar	  Thermal	  Design.	  

05.3.5.5. CABLES AND WIRING SYSTEM 
There	  are	  two	  different	  criteria	  to	  the	  sizing	  of	  the	  wiring	  system:	  

a) Maximum admissible current 
The	   maximum	   admissible	   current	   in	   conductors	   is	   specified	   namely	   	   by	   the	   IEC	  
recommendations.	  The	  limits	  are	  due	  to	  temperature,	  and	  related	  to	  the	  dissipation	  of	  the	  
joule	   heat,	   and	   therefore	   depend	   on	   the	   layout	   (environment	   of	   the	   wire,	   grouping	   of	  
several	  wires,	  etc).	  Thus,	  according	  to	  IEC	  60364-‐7-‐712	  Standard,	  the	  cables	  must	  allow	  1.25	  
times	  the	  maximum	  current	  in	  Standard	  Test	  Conditions	  
 

b) Maximum voltage drop 
Wiring	   codes	   or	   regulations	   set	   an	   upper	   limit	   to	   the	   allowable	   voltage	   drop	   in	   a	   branch	  
circuit.	  In	  the	  United	  States,	  the	  National	  Electrical	  Code	  (NEC)	  recommends	  no	  more	  than	  a	  
5%	  voltage	  drop	  at	  the	  outlet.	  The	  UK	  regulations	  limit	  voltage	  drop	  to	  4%	  of	  supply	  voltage.	  	  
	  
The	  main	  goal	  at	  first	  is	  to	  keep	  the	  distances	  between	  the	  modules	  and	  between	  the	  each	  
string	   and	   the	   inverter,	   as	   short	   as	   possible	   to	   decrease	   the	   wire	   losses	   and	   obtain	   low	  
voltage	   drops.	   Each	   part	   of	   the	   installation	   is	   examined	   separately	   in	   order	   to	   pick	   the	  
suitable	  wire	  depending	  on	  the	  current	  levels	  and	  the	  distances.	  

PV cabling 
The	   PV	   panels	   include	   their	   cables	   and	   can	   be	   interconnected	   using	   them	   that	   have	   the	  
characteristics:	  

● Cross	  section	  of	  4	  mm2	  between	  the	  panels	  
● 6mm2	  between	  the	  strings	  and	  the	  inverter	  
● Color	  Code:	  both	  black	  cables	  designated	  for	  +	  or	  -‐	  but	  black	  in	  the	  negative	  terminal	  

and	  red	  in	  the	  positive	  one	  for	  the	  drawings	  	  

The	  cable	  system	  of	  the	  system	  is	  showed	  by	  the	  drawings	  PV-‐011	  and	  PV-‐012	  in	  details.	  	  
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Datasheet for Radox SOLARkablel cables 

 
The	   PV	  panels	   can	   be	   strung	   together	  with	   the	   chosen	   solar	   connect	   cables	   and	   the	  MC4	  
connectors	  and	  the	  TYCO	  electronics	  SOLARLOK	  system	  as	  the	  datasheets	  below	  shows.	  The	  
cables	   are	   suitable	   for	   outdoor	   use	   and	   comply	   with	   the	   standards.	   The	   cables	   will	   be	  
collected	  and	  gathered	  to	  the	  technical	  room	  where	  the	  inverter	  is	  placed.	  
	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Engineering	  and	  Construction	   148	  

	  

 
Datasheet for SolarLok System 

 
The	   modules	   form	   strings	   in	   such	   a	   way	   that	   the	   design	   is	   optimized	   by	   distance	   to	   the	  
inverter	   point	   of	   view	   according	   to	   the	   Embrace	   topology	   and	   the	   mentioned	   Maximum	  
Admissible	  Current	  Criteria:	  

	   (4)	  

According	  to	  the	  next	  table,	  to	  adjacent	  to	  surface	  wiring	  installation,	  we	  can	  use	  1.5	  mm2	  
of	  cable	  cross-‐section,	  for	  a	  maximum	  current	  of	  27A.	  

AC cables from the inverter to the main breaker 
For	  the	  AC	  output	  of	  the	  inverter	  the	  following	  table	  can	  be	  used	  as	  Schneider	  provides	  with	  
the	  installation	  datasheet.	  The	  6mm2	  cable	  seems	  ideal	  for	  the	  project	  as	  long	  as	  the	  length	  
is	  up	   to	  10m.	   	  The	   following	   table	  provides	   recommended	  maximum	  cable	   lengths	   for	  a	  6	  
mm²	  conductor	  size.	  The	  cable	  used	  is	  NOIKLX	  halogen	  free	  cable	  6mm2.	  

 
The	  picked	  cable	  is	  connected	  as	  it	  is	  showed	  in	  the	  figure	  above.	  
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Estimated losses in % provided by Schneider Electric 
 

 
The	  estimated	  length	  of	  the	  AC	  cable	  is	  less	  than	  3	  meters	  as	  soon	  as	  the	  connection	  point	  	  
to	  the	  grid	  is	  in	  the	  technical	  room.	  

05.3.5.6. EARTHING AND GROUNDING SYSTEM  
The	  organizers	  will	   provide	   the	  general	   grid	  of	   the	   Solar	   village	   that	   include	   the	   individual	  
branch	  which	  must	  have	  a	  section	  of	  3x16	  mm2	  that	  includes	  the	  earth	  wire	  PE	  and	  ground	  
plates	  already	  buried.	  This	  refers	  to	  the	  TT	  system	  of	  interconnection	  between	  a	  consumer	  
(house)	  and	  the	  provider	  (SDE	  organization).	  
	  	  
Concerning	  all	  the	  safety	  aspects	  of	  the	  electrical	  installations,	  all	  the	  metallic	  parts	  that	  are	  
possible	   for	  a	  human	  to	  touch	  and	  cause	  electrical	  shocks	  has	  to	  be	  grounded.	  The	  PV	  are	  
frameless	  and	  they	  do	  not	  need	  to	  be	  grounded	  but	  the	  solar	  panels	  that	  are	  mounted	  on	  
the	  weather	  shield	  will	  be	  interconnected	  by	  a	  yellow-‐green	  copper	  cable	  of	  2.5mm2	  which	  
will	  be	  grounded	  as	  a	   total	   structure.	  The	  copper	  water	  pipes	   for	   the	  solar	   thermal	  panels	  
will	  be	  grounded	  as	  they	  enter	  the	  house	  with	  a	  2.5	  mm2	  copper	  wire,	   too	  (See	  drawings).	  
The	  inverter	  will	  also	  be	  grounded	  using	  6mm2	  cable	  as	  long	  as	  the	  surge	  arrestors	  of	  the	  AC	  
and	  the	  DC	  side.	  All	  of	  the	  grounded	  system	  is	  represented	  by	  the	  PV-‐031	  drawing.	  

Earthing conductors 
BS	   7671	   provides	   two	   methods	   for	   sizing	   protective	   conductors	   including	   earthing	  
conductors.	  There	  are	  several	  factors	  which	  may	  influence	  or	  determine	  the	  size	  required	  for	  
a	   circuit	   protective	   conductor.	   A	   minimum	   cross-‐sectional	   area	   of	   2.5	   mm2

	   copper	   is	  
required	  for	  any	  separate	  circuit	  protective	  conductor,	  i.e.	  one	  which	  is	  not	  part	  of	  a	  cable	  or	  
formed	  by	  a	  wiring	  enclosure	  or	  obtained	   in	  such	  an	  enclosure.	   If	  mechanical	  protection	   is	  
not	  provided	  the	  minimum	  size	  is	  4	  mm2

	  copper	  or	  equivalent.	  Regulation	  543-‐01-‐03	  states:	  
The	  cross-‐sectional	  area,	  where	  calculated,	   shall	  be	  not	   less	   than	   the	  value	  determined	  by	  
the	  following	  formula	  or	  shall	  be	  obtained	  by	  reference	  to	  BS	  7454.	  
	  
Where:	  
S: is	  the	  nominal	  cross-‐sectional	  area	  of	  the	  conductor	  in	  mm2	  
I: is	  the	  value	  in	  amperes	  (rms.	  for	  a.c.)	  of	  fault	  current	  for	  a	  fault	  of	  negligible	  impedance,	  
which	   can	   flow	   through	   the	   associated	   protective	   device,	   due	   account	   being	   taken	   of	   the	  
current	   limiting	   effect	   of	   the	   circuit	   impedances	   and	   the	   limiting	   capability	   I2 t)	   of	   that	  
protective	  device.	  
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t: is	   the	  operating	   time	  of	   the	  disconnecting	   device	   in	   seconds	   corresponding	   to	   the	   fault	  
current	  I	  amperes.	  
k: is	  a	  factor	  taking	  account	  of	  the	  resistivity,	  temperature	  coefficient	  and	  heat	  capacity	  of	  
the	  conductor	  material,	  and	  the	  appropriate	  initial	  and	  final	  temperatures.	  
Considering	  that	  we	  can	  safely	  use	  the	  conductors	  represented	  by	  PV-‐031	  drawing.	  

05.3.5.7. PROVISIONS FOR SAFETY 

Surge arrester 
The	   surge	   arrester	   is	   recommended	   for	   electrical	   installations	   in	   the	   service	   sector	   and	  
industrial	  buildings	  protected	  by	  a	   lightning	   conductor	  or	  by	  a	  meshed	  cage.	   It	   specifically	  
protects	  electrical	  installations	  against	  direct	  lightning	  strikes.	  It	  is	  used	  to	  conduct	  the	  direct	  
lightning	  current,	  propagating	   from	  the	  earth	  conductor	   to	   the	  network	  conductors.	   It	  will	  
be	  installed	  with	  an	  upstream	  disconnection	  device,	  such	  as	  a	  fuse	  or	  circuit-‐breaker,	  whose	  
breaking	  capacity	  must	  be	  at	  least	  equal	  to	  the	  maximum	  prospective	  short-‐circuit	  current	  at	  
the	  installation	  point.	  
	  
For	  the	  AC	  side	  the	  iQuick	  PRD	  surge	  arresters	  will	  be	  used	  made	  by	  Schneider	  electric.	  They	  
protect	  electrical	  and	  electronic	  equipment	  against	  lightning-‐induced	  surges.	  Withdrawable	  
surge	   arrester	   prewired,	   incorporating	   their	   end-‐of-‐life	   disconnector.	   The	   iQuick	   PRD20r	  
model	   is	  recommended	  for	  a	  moderate	  risk	   level,	  the	  model	  has	  TT	  and	  TN-‐S	  earth	  system	  
and	  it	  is	  rated	  for	  20kA	  maximum	  and	  5kA	  nominal	  discharge	  current.	  
	  
The	   used	   type	   for	   the	   DC	   size	   is	   the	   iPRD-‐DC	   direct	   current	   surge	   arresters	   made	   by	  
Schneider	   electric	   that	   are	   designed	   to	   protect	   against	   over-‐voltages	   due	   to	   a	   lightning	  
strike:	  of	  the	  "DC"	  input	  to	  the	  inverter	  and	  of	  photovoltaic	  panels.	  It	  will	  be	  installed	  in	  the	  
distribution	   board	   inside	   the	   technical	   room.	  Withdrawable	   iPRD-‐DC	   surge	   arresters	   allow	  
damaged	   cartridges	   to	   be	   replaced	   quickly.	   They	   offer	   remote	   reporting	   of	   the	   "cartridge	  
must	  be	  changed"	  message.	  The	  model	   that	  will	  be	  places	  should	  be	  chosen	  based	  on	  the	  
voltage	  of	  each	  string	  of	  panels.	  
	  
Thus,	  for	  the	  opaque	  string:	  
	  

	  
The	  model	   iPRD-‐DC40r	   1000PV	   is	   a	   device	  with	   a	   nominal	   discharge	   current	   of	   15kA	   and	  
maximum	  steady	  state	  voltage	  of	  1000V	  and	  is	  acceptable	  for	  the	  installation.	  
 

DC Circuit breakers 
For	  the	  DC	  part	  the	  selected	  device	  for	  the	  protection	  against	  overload	  and	  overcurrent	  is	  a	  
circuit	  breaker	  (magnetothermal)	  that	  is	  placed	  inside	  the	  technical	  room	  and	  it	  is	  placed	  to	  
protect	   the	   inverter	   in	   case	  of	   an	   incident.	   	  Nowadays	   it	   is	  more	   interesting	   to	  use	   circuit	  
breakers	  instead	  of	  fuses,	  because	  of	  several	  reasons:	  
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● They	  do	  not	  need	  to	  be	  changed	  after	  their	  action	  
● They	  can	  indicate	  their	  state	  at	  any	  moment	  
● Possibility	  of	  separation/isolation	  of	  circuits	  during	  maintenance	  or	  repairing	  works	  
● Energy	  losses	  are	  eliminated	  
● Better	  protection	  curve	  

For	   the	   Embrace	   the	   DC	   circuit	   breaker	   is	   not	   used	   because	   the	   inverter	   includes	   one	  
integrated	  at	  the	  DC	  input	  part.	  

DC switch disconnector 
Moreover	   two	   additional	   disconnectors	   are	   placed	   on	   top	   of	   the	   weather	   shield	   that	   are	  
accessible	   from	   the	   roof	   and	   are	   used	   to	   isolate	   each	   string	   individually	   in	   case	   of	  
maintenance.	  
	  	  
The	  C60NA-‐DC	  is	  a	  DC	  switch	  disconnector	  made	  by	  Schneider	  electric	  that	   is	  dedicated	  to	  
array	   isolation	  and	  control	   in	  photovoltaic	   installation	  with	  Voc	  until	  650	  V	  DC.	  Associated	  
with	  string	  protections	  devices	   it	  shall	  be	   installed	   in	  the	  array	  box	   (see	  DC	  drawings).	  The	  
component	   isolates	  the	  PV	  field	  connected	  at	  the	  array	  to	  the	  rest	  of	  the	  PV	  field	  to	  allow	  
maintenance	   on	   PV	   strings	   individually.	   	   It	   can	   be	   padlocked	   in	   off	   position	   to	   guarantee	  
safety	  interventions.	  
	  
A	  second	  disconnector	  is	  placed	  close	  to	  the	  inverter	  in	  the	  technical	  room	  in	  a	  separate	  box	  
outside	  the	  main	  distribution	  board.	  

 
The	  Array	  and	  the	  PV	  DC	  box	  layout	  
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AC Residual current device 
The	   iDPN	   Vigi	   residual	   current	   device	  made	   by	   Schneider	   electric	   that	   provides	   complete	  
protection	  for	  AC	  circuits	  (against	  over-‐currents	  and	  insulation	  faults):	  

● protection	  for	  users	  against	  electric	  shocks	  by	  direct	  contacts	  (≤	  30	  mA)	  
● protection	  for	  users	  against	  electric	  shocks	  by	  indirect	  contacts	  (300	  mA)	  
● protection	  of	  the	  installations	  against	  fire	  risks	  (300	  mA)	  

As	  soon	  as	  the	  output	  of	  the	  inverter	  will	  be	  maximum	  23.2A	  a	  25A	  RCD	  device	  is	  suitable	  for	  
the	  system.	  

 
The main RCD of the PV system 

PV Connectors 
The	  MC4	  connectors	  are	  commonly	  used	   for	   interconnection	  of	   the	  PV	  modules.	  The	  MC4	  
connectors	   accept	   usually	   conductor	   sizes	   of	   4	   mm2	   or	   6	   mm2.	   The	   conductor	   size	   in	  
accordance	  with	  installation	  codes	  and	  to	  limit	  the	  connector	  temperature	  to	  less	  than	  105	  
°C	  (221	  °F).	  A	  special	  crimping	  tool	  is	  required	  to	  connect	  and	  disconnect	  them.	  
	  

Compliance with standards 
The	  both	  the	  PV	  and	  the	  inverter	  are	  accompanied	  by	  the	  compliance	  documentation	  under	  
the	  specified	  standards.	  All	  the	  needed	  documentation	  is	  provided	  in	  the	  appendices.	  
 

Operational conditions and external influences 
The	   Voltage	   compatibility	   between	   the	   PV	   strings/PV	   array/PV	   generator	   and	   inverter	   is	  
taken	   into	  account	   for	  designing	  each	  of	   the	  strings	  of	  each	   input	  of	   the	   inverter.	  Blocking	  	  
diodes	  are	  included	  in	  the	  junction	  box	  of	  the	  panels	  and	  if	  not	  they	  are	  going	  to	  be	  placed	  
there,	  for	  panels	  protection	  purposes.	  
 

Accessibility for maintenance 
The	  accessibility	   to	  the	  technical	   room	  and	  the	  exact	  position	  of	   the	  different	  components	  
(PV	   modules,	   junction	   boxes,	   inverter,	   protection	   devices,	   etc.).	   As	   the	   construction	  
drawings	  and	  the	  EL-‐001	  shows	  the	  technical	  room	  (ELECTRICAL	  WALL)	  has	  full	  access	  form	  
the	  side	  movable	  wall.	  	  
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The	  Array	  box	  anf	  the	  Electrical	  technical	  room 

 
The	   residents	   of	   the	   house	   have	   full	   access	   to	   the	   components	   and	   a	   second	   distribution	  
board	  only	  to	  isolate	  the	  DC	  power	  of	  the	  PVs	  will	  be	  placed	  on	  top	  of	  the	  wooden	  roof	  of	  	  
the	  house	  in	  case	  of	  a	  fault	  someone	  can	  switch	  of	  all	  the	  PVs	  from	  the	  roof	  (Array	  box	  PV-‐
012).	  

05.3.5.8. MAINTENANCE PLAN 
PV	  solar	  panels	  will	  be	  evaluated	   for	  maintenance	   requirements,	  with	  a	   focus	  on	   reducing	  
the	  amount	  of	  maintenance	  required.	  To	  keep	  the	  maximum	  possible	  generation,	  constant	  
maintenance	  is	  required:	  cleaning	  the	  surfaces	  of	  the	  panels	  from	  dust	  and	  possible	  leafs	  of	  
birds’	   excrements,	   connections,	   insulation	   of	   wires	   and	   connections.	   Some	   are	   weekly,	  	  
others	  monthly	  or	  every	  three	  months.	  
	  
The	  solar	  thermal	  panels	  should	  have	  the	  same	  treatment	  as	  the	  PV	  panels	  taking	  also	  the	  
water	   circulation	   system	   into	  account.	   The	  water	  pipes,	   the	   interconnections	  and	  possible	  
water	  	  leakage	  is	  to	  be	  considered	  for	  the	  maintenance	  plan.	  
	  
Regarding	   the	   inverter,	   the	   ventilation	   system	   must	   be	   checked	   weekly	   as	   well	   as	   the	  
possible	  violation	  on	  the	  IP	  sealing/protection	  limitations.	  Even	  if	  the	  chosen	  device	  has	  IP65	  
protection	   number	   which	  means	   that	   is	   dustproof	   and	  waterproof,	   	   the	   installation	   rules	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Engineering	  and	  Construction	   154	  

	  

from	   the	  manufacturer	   have	   to	   be	   followed.	   The	  manufacturer	   suggests	   though	   that	   the	  
customer	  should	  not	  do	  any	  maintenance	  on	  the	  inverter.	  
	  
Cables	  and	  wiring	  maintenance	  can	  be	  done	  yearly	  but	   the	  wiring	  should	  be	  designed	   in	  a	  
way	  that	  no	  cables	  are	  exposed	  to	  sun	  and	  other	  weather	  phenomena.	  
	  
Maintenance	  costs	  will	  be	  taken	  into	  account	  when	  deciding	  the	  size	  and	  number	  of	  panels.	  

Installation and mounting procedure  
The	  PV	  modules	  will	  be	  mounted	  and	  interconnected	  in	  Denmark	  before	  the	  transportation.	  
The	  procedure	  is	  divided	  into	  three	  installation	  phases.	  
	  	  
Phase	   A:	   The	   panels	   are	   interconnected	   to	   form	   the	   weather-‐shield	   modules	   that	   are	  
analyzed	  in	  previous	  chapter.	  

 
 Weather shield modules with mounted PVs 

	  
The	   rest	   of	   the	   connections	   from	   the	   array	   box	   to	   the	   inverter	   DC	   inputs	   are	   already	  
connected.	  
	  	  
Phase	  B:	  The	  weather	  shield	  modules	  are	  mounted	  on	  the	  roof	  and	  they	  are	  interconnected	  
forming	  the	  transparent	  and	  the	  opaque	  string	  following	  the	  connection	  to	  the	  array	  box.	  
	  	  
Phase	   C:	   The	   DC	   side	   breakers	   can	   now	   be	   switched	   ON	   and	   then	   the	   DC-‐switch	   of	   the	  
inverter.	   Then	   the	   inverter	   can	   start	   its	  operation	  and	   the	  AC	  part	   can	  be	   switched	  ON	  as	  
well.	  
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The	  electricity	  needs	  of	  EMBRACE	  are	  covered	  by	  PV	  production	  and	  in	  case	  of	  low	  or	  no	  PV	  
production	  during	  cloudy	  days	  or	  at	  night,	  by	  extracting	  power	  from	  the	  grid.	  When	  there	  is	  
over	  production	  from	  PV	  system,	  this	  excess	  amount	  is	  injected	  to	  grid.	  For	  the	  design	  of	  the	  
PV	  system,	  the	  limit	  of	  5kWp	  of	  installed	  power	  is	  considered.	  This	  limitation	  has	  lead	  us	  to	  
design	  a	  system	  with	  5kWp	  installed	  power,	  having	  always	  on	  mind	  that	  the	  area	  available	  
on	  the	  weather	  shield	  (around	  100	  m2)	  can	  produce	  much	  more	  than	  5kWp	  if	  it	  fully	  covered	  
with	  PV	  panels.	  Our	  decision	  took	  into	  account	  one	  of	  the	  principles,	  among	  others,	  for	  2014	  
competition	   which	   is	   sobriety.	  What	   should	   be	   pointed	   out	   is	   the	   ability	   of	   EMBRACE	   to	  
provide	   the	   building	   underneath	   with	   excess	   electricity	   that	   is	   produced	   on	   its	   roof.	   The	  
usage	  of	  excess	  electricity	  in	  the	  same	  place	  that	  is	  produced,	  which	  is	  one	  of	  the	  main	  goals	  
of	   distributed	   generation	   (DG)	   and	   smart	   grid	   concepts,	   is	   also	   the	   main	   reason	   for	   not	  
installing	   hard-‐wired	   batteries	   in	   the	   house	   to	   store	   this	   energy.	   The	   efficiency	   of	   the	  
batteries	  which	  can	  reach	  up	  to	  50%	  was	  a	  significant	  parameter	  for	  not	  using	  them	  in	  our	  
system.	  
	  
In	   order	   to	   estimate	   the	   consumption	   of	   the	   house,	   both	   during	   the	   contest	   week	   and	  
yearly,	   we	   considered	   the	   electric	   loads	   used	   such	   as	   the	   appliances,	   lights	   and	   the	  
consumption	  of	  the	  HVAC	  system	  extracted	  from	  simulations.	  
	  
Regarding	   the	  appliances,	   these	  are	   the	   specific	  models,	  we	  are	  planning	   to	  use,	   together	  
with	  information	  about	  their	  power	  and	  references	  for	  the	  manufacturers’’	  websites	  

Fridge and freezer 
ELECTROLUX	  EN3613AOW	  the	  consumption	  of	  which	  is	  estimated	  to	  be	  156	  kWh	  per	  year.	  
For	  a	  fridge	  volume	  of	  205	  L	  and	  a	  freezer	  volume	  of	  87	  L.	  
http://www.electrolux.dk/Produkter/Kold/Kold/Fritst%C3%A5ende/EN3613AOW/	  

Stove 
Usage	  of	  induction	  fire	  plates.	  One	  example	  is	  Whirlpool	  	  ACM	  804/BA	  which	  total	  power	  is	  
7.4	  kW	  and	   features	  a	  booster	   in	  other	   to	   increase	   the	  power	  of	  a	  particular	  zone	   for	   fast	  
boiling	  or	  searing	  at	  high	  temperatures.	  
http://whirlpool.dk/produkter/produkter-‐til-‐indbygning/kogeplade/induktionskogeplade-‐
60-‐cm-‐facetslebet-‐kant-‐acm-‐804-‐ba	  

Oven 
Whirlpool	   has	   combined	   the	   traditional	   electric	   oven	   with	   induction	   technology	   in	   AKZM	  
8920/GK.	  Without	  the	  use	  of	  the	  induction	  tray,	  the	  energy	  class	  of	  the	  oven	  is	  class	  A,	  for	  a	  
maximum	  power	  of	  3.65	  kW.	  
http://www.whirlpool.fr/four-‐multifonction-‐[AKZM-‐8920_GK]-‐501771/852589201100/	  
	  
	  

05.3.6. ELECTRICAL ENERGY BALANCE SIMULATION 
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Television And Computer 
The	  usage	  of	  LED	  technology	  for	  the	  monitors	  provides	  a	  significantly	  lower	  use	  of	  electrical	  
energy.	  
TV	  
Philips	  3000	  series	  Full	  HD	  Slim	  LED	  TV	  with	  Digital	  Crystal	  Clear	  

Computer monitor 
 
LG,	  LED	  LCD	  monitor	  model	  27EA33V	  	  	  	  	  	  

Clothes Washer And Dishwasher 
Connected	  with	  the	  hot	  water	  circuit	  (HWC).	  The	  heat	  is	  mainly	  provided	  by	  solar	  collectors	  
and	   transferred	   to	   the	   machine	   through	   an	   heat	   exchanger.	   Those	   appliances	   will	   be	  
connected	   with	   the	   DHW	   tank	   and	   not	   with	   the	   storage	   tank,	   since	   the	   temperature	  
required	   is	   high.	   The	   average	   temperature	   of	   the	   DHW	   tank	   is	   in	   around	   55	   °C,	   the	  
temperature	   required	   in	   the	  washing	  machine	   is	   43.5	   °C	   (Sub-‐contest	   6.3)	   and	   in	   the	  dish	  
washer	  49	  °C	  (Sub-‐contest	  6.5).	  In	  case	  the	  temperature	  of	  the	  DHW	  tank	  is	  not	  enough,	  an	  
internal	  system	  is	  able	  to	  heat	  up	  the	  temperature.	  
	  	  
Dishwasher	  selected:	   45	  cm	  A++	  Smeg	  STA4525	  
,	   water	   consumption	   per	   cycle	   in	   automatic	   mode	   7	   L.	   The	   appliance	   can	   adapt	   the	  
consumption	  of	  water	  depending	  on	  the	  load	  it	  receives.	  	  
http://www.smeg.dk/faq/opvaskemaskiner/kan-jeg-slutte-min-smeg-opvaskemaskine-til-en-
varmtvandsfors/http://miele.fr/fr/electromenager/produits/1157_Lave-‐
vaisselle_G_5600_SC-‐50587.htm	  
	  	  	  
Clothes	  washer	  selected:	  Siemens	  WM14Q410DN	  
	  	  
http://www.siemens-‐home.dk/produkter/vask-‐t%C3%B8r-‐og-‐
strygejern/vaskemaskiner/WM14Q410DN.html?source=searchhttp://www.miele.it/Product
Search.asp?idProductGroup=101011111&idSerie=73&idmen=907	  

Clothes Dryer 
Miele	  has	  developed	  a	  low	  energy	  dryer	  that	  uses	  the	  heat	  generated	  from	  solar	  collectors	  
to	  dry	  clothes19.	  As	  for	  domestic	  hot	  water,	  the	  solar	  fluid	  heats	  the	  water	  in	  a	  water	  tank.	  
The	   hot	   water	   then	   flows	   to	   the	   dryer	   and	   heats	   up	   the	   air	   in	   the	   tumble	   via	   a	   heat	  
exchanger.	  
	  	  	  
Class	  A++	   is	  met	  by	  Electrolux’s	  EDH3498RDL20.	  The	  machine	   is	  able	   to	  adapt	  according	   to	  
the	   load	   it	   receives	  and	  has	  a	  humidity	   sensor	   to	  avoid	  over	  drying.	   The	   consumption	  per	  
cycle	  for	  standard	  cotton	  mode	  is	  1.62	  kWh/cycle	  for	  a	  capacity	  of	  9	  kg.	  
    
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
19 http://www.miele-presse.de/de/en/press/article/artikel_123_2011.aspx 
20 http://www.electrolux.fr/Products/Lavage/S%C3%A8che-
linge/Pompe_%C3%A0_chaleur/EDH3498RDL 
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Conclusion of functionality of house holding task 
The	   sections	   describes	   how	   the	   house	   holdings	   task	   performed	   during	   the	   competition	  
period.	  DTU	  achieved	  a	  score	  of	  90.66	  of	  120	  points	  in	  the	  house	  functioning	  competition.	  	  
The	  result	  showed	  the	  the	  most	  point	  were	  lost	  in	  clothes	  washer,	  clothes	  drying.	  The	  water	  
balance	   consisting	   of	   20	   points	   is	   described	   in	   05.3.3.6	   -‐	   Water	   balance	   conclusion	   after	  
competition.	  
 

 
Scoring form SDE web page 

	  
One	   of	   the	   big	   issues	   within	   householding	   task	   performed	   in	   EMBRACE	   was	   the	   lack	   of	  
knowledge	  of	  the	  appliances	  performance,	  since	  the	  group	  in	  charge	  of	  the	  house	  functions,	  
did	  not	  have	  the	  time	  to	  perform	  the	  task	  before	  the	  competition.	  	  
This	   led	   to	   problems	   especially	   with	   the	   dryer	   which	   haven’t	   work	   during	   most	   of	   the	  
competition,	  giving	  a	   low	  score	   in	   the	  sub	  contest	  of	  drying	  clothes	  of	  only	  3.38	  out	  of	  10	  
point.	  Another	  issue	  of	  lack	  of	  time	  to	  try	  the	  appliance	  as	  the	  dishwasher	  were	  not	  installed	  
to	  the	  first	  test	  leading	  to	  point	  loss,	  as	  well	  as	  the	  lack	  of	  knowledge	  whether	  the	  programs	  
performed	  would	  reach	  the	  right	   temperatures.	  The	  Clothes	  washer	  never	  reach	  the	  40	  oC	  
that	  were	  demanded,	  but	  only	  between	  36	  and	  39	  oC	  leading	  to	  only	  4.54	  out	  of	  10	  points.	  A	  
problem	  with	  the	  the	  Heating	  pump	  used	  for	  DHW	  ment	  that	  EMBRACE	  could	  not	  perform	  
the	   two	   last	   hot	   water	   withdraws.	   The	   temperatures	   in	   the	   refrigerator	   and	   freezer	   had	  
unstable	  temperatures	  in	  the	  start	  of	  the	  competition,	  which	  were	  solved	  by	  adding	  thermal	  
mass	  inside	  the	  fridge,	  simulating	  food	  in	  the	  fridge.	  

Projected energy consumption 
Below	   a	   list	   of	   the	   appliances	   and	   other	   loads	   considered	   in	   the	   energy	   consumption	  
estimations,	   is	   shown.	   The	   appliances’	   consumption	   is	   calculated	   based	   on	   their	   hourly	  
consumption	   (fridge,	   lights,	   home	   electronics)	   or	   their	   consumption	   per	   cycle	   (washing	  
machine,	  dryer,	  dishwasher,	  oven,	  cooker).	  The	  HVAC	  consumption	  was	  provided	  by	   IESVE	  
simulations	  done	  for	  Paris.	  	  
 

Appliances and other consumptions 
Appliances	  and	  

other	  
consumptions	  

Fridge/	  
freezer	   Lights	   Pumps	   Washing	  

machine	  
Dish	  

washer	  
Clothes	  
Dryer	   Oven	   Cooker	   Home	  

electronics	  
ΗVAC	  

(cooling)	   Ventilation	  

Power	  (kW)	   0.355	   0.180	   	   	   	   2.85	   	   	   	   	   0.03	  

Load	  (kWh/cycle)	   	  	   	  	   0,8	  	   0.7	   0.74	   0.74	   0.65	   1.2	   	  	   	  	   	  
Hours/day(h/day)	   24	   2	   24	   	  	   	  	   	  	   	  	   	  	   	   	   	  

cycles/week	   	  	   	  	   	  	   5	   4	   5	   4	   4	   	  2	  or	  3	   	   	  
Hours/cycle	   	  	   	  	   	  24	   2	   3	   2	   1	   0.6	   	  	   	   	  

Hourly	  
consumption	  

(Wh/h)	  
18	   360	   33	   370	   246	   370	   650	   1200	   60	   7	   4	  
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For	  scheduling	  of	  appliances’	  operation	  during	  the	  competition	  period,	  see	  Appendix-‐SID	  v3	  
PAR.	   This	   schedule	   is	   based	   on	   the	   event	   calendar	   provided	   by	   the	   organization	   which	  
indicates	  the	  available	  time	  slots	  for	  performing	  all	  the	  required	  tasks.	  
	  
The	   overall	   daily	   consumption	   as	   well	   as	   the	   yearly	   consumption	   estimations	   are	   shown	  
below.	  
 

Daily	  consumption(kWh)	   5.2	  

Yearly	  consumption	  (kWh)	   1866	  

 
It	   has	   to	   be	   noted	   that	   the	   yearly	   consumption	   is	   calculated	   using	   the	   consumption	   data	  
from	  competition	  period	  as	  required.	  This	  is	  a	  rough	  estimation,	  since	  HVAC	  consumption	  is	  
much	   bigger	   during	   winter	   (cooling)	   and	   also	   DHW	   consumption	   is	   0	   during	   competition	  
(water	  heating	  provided	  by	  solar	  collectors)	  but	  this	  is	  not	  the	  case	  for	  the	  whole	  year.	  
 

Conclusions after electrical competition measurements 
The	  estimated	  electrical	  consumption	  for	  EMBRACE	  is	  shown	  in	  the	  two	  tables	  below.	  	  
 

 
Total consumptions per day 

 
The	   daily	   consumption	   was	   estimated	   to	   5.2	   kWh,	   while	   the	   measurements	   revealed	   a	  
consumption	  of	  12.4	  kWh	  per	  day	  in	  the	  first	  five	  weekdays	  (from	  the	  30th	  of	  june	  to	  the	  4th	  
of	  july).	  
The	  consumption	  during	  the	  weekend	  was	  3.88	  kWh	  per	  day,	  primarily	  due	  to	  less	  inhouse	  
task	   (only	   lighting	  and	  home	  electronics	  were	  performed)	  meaning	  that	   inhouse	  task	  were	  
consuming	   8.5	   kWh	   per	   day.	   During	   the	   passive	   period	   (7th	   of	   july	   to	   8th	   of	   july)	   the	  
measurements	   showed	   that	   EMBRACE	   could	   performed	   at	   6.9	   kWh	   per	   day,	   while	   only	  
slightly	  compromising	  with	  the	  comfort	  condition.	  	  
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In	  the	  last	  period	  	  (9th	  of	  july	  to	  11th	  of	  july)	  EMBRACE	  performed	  with	  a	  consumption	  of	  7.7	  
kWh	  as	  the	  passive	  period	  let	  to	  an	  understanding	  of	  where	  to	  save	  energy	  without	  going	  on	  
compromise	   with	   the	   comfort	   condition,One	   of	   which	   where	   the	   home	   automation.	   The	  
home	  automation	  system	  was	  reduced	  from	  180W	  to	  60W,	  as	  it	  was	  possible	  to	  close	  down	  
some	  of	   the	  systems	  not	  active,	   saving	  standby	  power	  on	  dimmable	   light,	  appliances,	   fans	  
and	  pumps.	  
The	  overall	  performance	   incl	   the	  passive	  period	  was	  measured	   to	  8.9	  kWh	  per	  day	  or	  106	  
kWh	  in	  total,	  while	  the	  non	  passive	  period	  (30th	  of	  june	  to	  6th	  of	  july	  and	  9th	  of	  july	  to	  11th	  
of	  july)	  performed	  at	  9.3	  kWh	  per	  day.	  

 
Distribution of consumption 

 
As	   shown	   in	   the	   figure	   the	  measurement	   showed	  a	   large	  part	   of	   the	   energy	   consumption	  
went	  to	  mechanical	  ventilation	  and	  domestic	  hot	  water.	  The	  high	  consumption	  was	  due	  to	  a	  
leakage	   in	   the	   thermal	  panels,	  meaning	   that	   the	  Nilan	  unit	  was	  utilized	   for	  heating	  up	   the	  
DHW.	   Thus	   it	   is	   estimated	   that	   the	   consumption	   were	   approx.	   40%	   higher	   than	   under	  
normal	  condition.	  
 

 
House adjustment to network load state 
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EMBRACE	   had	   an	   energy	   production	   of	   235	   kWh	   giving	   a	   surplus	   of	   energy	   on	   128	   kWh	  
hours	   during	   the	   12	   days	   of	   competition.	   Comparing	   the	   surplus	   of	   energy	   with	   the	  
consumption	   of	   106	   kWh,	   EMBRACE	   could	   in	   theory	   shared	   the	   surplus	   with	   1	   ⅕	   of	  
dwellings.	  However	   is	   the	   the	   grid	  not	   equally	   solicited	   throughout	   the	  day,	  meaning	   that	  
the	  peak	  period	  of	  7:30	  PM	   to	  10:00	  PM	  needs	   to	  be	   further	  evaluated.	  The	   figure	  above	  
shows	  whether	  EMBRACE	  had	  a	  surplus	  or	  consumption	  within	  this	  time	  interval	  (+	  is	  taking	  
from	  the	  grid	  and	   -‐	   is	  giving	   to	   the	  grid).	  Even	  though	   in	  house	  task	   like	  washing,	  cooking,	  
drying	  were	  not	  perform	  in	  this	  time	  period,	  EMBRACE	  extracted	  9	  kWh	  more	  energy	  from	  
the	  grid	   than	   it	  provides	   in	   this	  period.	  Task	  were	  primarily	  done	  at	  11:30	   to	  14:00	  as	   the	  
production	  was	  of	  electricity	  were	  peaking	  in	  this	  period.	  The	  extracted	  energy	  for	  EMBRACE	  
went	  primarily	  to	  artificial	  lighting	  when	  the	  electrical	  grid	  was	  loaded.	  The	  artificial	  lighting	  
was	   estimated	   to	   consume	   180W/h	   which	   is	   supported	   by	   the	   measurement	   for	   the	  
consumption,	  giving	  a	  total	  consumption	  of	  5.9	  kWh	  to	  artificial	  lighting	  of	  the	  9	  kWh	  used	  in	  
the	  critical	  time	  period	  from	  7:30	  PM	  to	  10:30	  PM.	  
 

Photovoltaic system 
The	   Photovoltaic	   system	   that	  will	   be	   installed	   consists	   of	  mono-‐crystalline	   PV	   panels.	   The	  
main	  reason	  for	  this	   is	   the	  existence	  of	  two	  different	  areas	  below	  the	  weather	  shield.	  One	  
area	   which	   is	   above	   the	   thermal	   envelope	   can	   be	   covered	   by	   completely	   opaque	   panels	  
while	   the	  area	  above	  the	   free	  space	  next	   to	   the	   thermal	  envelope	  can	  only	  be	  covered	  by	  
semi-‐transparent	  panels	  which	  allow	  light	  to	  reach	  the	  area	  below	  them	  providing	  shading	  
at	  the	  same	  time.	  
	  
Regarding	   the	   semi-‐transparent	   panels,	   the	   use	   of	   integrated	   PV	   panels,	   which	   allow	  
different	  transparency	  degrees,	  was	  decided.	  A	  certain	  pattern	  for	  these	  modules	  has	  been	  
designed	  based	  on	  shading	  needs.	  
	  	  

Simulation tool 
The	  software	  used	  for	  simulating	  the	  PV	  production,	  in	  hourly	  basis,	  during	  a	  whole	  year	  is	  
PVSYST.	   In	  order	   to	   simulate	   the	  PV	  production,	   it	   needs	   the	   installed	  power	   (in	   kWp),	   as	  
well	  as	  the	  location,	  inclination	  and	  orientation	  of	  the	  installation.	  Using	  yearly	  weather	  data	  
for	  the	  specific	  location	  it	  calculates	  the	  hourly	  electricity	  production.	  
  

PV production 
The	   electricity	   production	   simulation	   was	   performed	   for	   both	   Paris	   and	   Copenhagen	  
covering	   a	  whole	   year.	   The	   dimensioning	   of	   the	   system	   simulated	   for	   the	   two	  places	  was	  
different	  due	  to	  the	  restriction	  on	  the	  installed	  power	  which	  applies	  only	  in	  Paris	  context.	  As	  
a	   result,	   the	   PV	   system	   designed	   for	   Paris	   has	   an	   installed	   power	   of	   4,9	   kWp	   while	   the	  
system	  designed	  for	  Copenhagen	  has	  an	  installed	  power	  of	  5,9	  kWp.	  This	  is	  done	  in	  order	  to	  
show	  the	  capability	  of	  EMBRACE	  to	  produce	  enough	  energy	  to	  cover	  both	  its	  needs	  and	  the	  
needs	  of	  the	  building	  below	  (in	  Copenhagen	  context).	  
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Daily PV production for Paris over 1 year 

 
 

 
Daily PV production for Copenhagen over 1 year 

 
As	  it	  can	  be	  observed	  the	  peak	  production	  during	  summer	  months	  is	  higher	  in	  Copenhagen	  
due	  to	  the	  larger	  system	  simulated.	  
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Monthly PV production for Paris and Copenhagen 

 
The	  summer	  production	   is	  higher	   in	  Copenhagen	  due	  to	  the	   larger	  system	  simulated	  while	  
during	  winter	  months,	  production	  in	  Paris,	  even	  considering	  a	  smaller	  system,	  is	  higher.	  

Energy balance analysis 
The	  hourly	  production	  during	  the	  specific	  days	  of	  the	  contest	  week	  were	  used	  for	  the	  energy	  
balance	  analysis.	  Furthermore,	  the	  monthly	  production	  as	  provided	  from	  PVSYST	  was	  used	  
to	   create	   the	  monthly	   energy	  balance.	   The	   consumption	  of	   EMBRACE	  was	   found	   for	   each	  
day	  of	   the	  contest	  week	  based	  on	   the	  different	   loads	   installed	   in	   the	  house	  as	  well	  as	   the	  
schedule	  for	  all	  the	  tasks,	  provided	  by	  the	  organization.	  As	  a	  result,	  hourly	  consumption	  was	  
found	  for	  all	  different	  days	  of	  the	  competition	  period.	  These	  data,	   including	  PV	  production	  
and	  loads	  consumption	  are	  presented	  in	  figures	  below.	  In	  these	  figures	  the	  consumption,	  is	  
presented	  together	  with	  the	  excess	  electricity	  injected	  to	  electrical	  grid	  as	  well	  as	  the	  need	  
for	  electricity	  to	  be	  provided	  by	  the	  grid.	  Finally	  the	  total	  yearly	  production	  is	  shown.	  

 

 
 Electricity production-consumption during contest week in Paris 
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As	  it	  can	  be	  observed,	  during	  the	  contest	  week	  in	  Paris,	  energy	  production	  from	  PV	  system,	  
highly	   exceeds	   the	   household	   needs	   most	   of	   the	   days	   while	   there	   is	   a	   need	   for	   energy	  
extracted	  from	  the	  grid	  during	  2	  days	  when	  the	  PV	  production	  is	  quite	  low.	  As	  a	  result,	  most	  
of	   the	  days	   there	   is	  a	   lot	  of	  excess	  electricity	  which	   is	   injected	  to	  grid.It	   should	  be	  noticed	  
that	   part	   of	   the	   night	   consumption	   shown	   in	   the	   graph	   below,	   will	   not	   exist	   during	  
competition	  as	   it	   is	  a	  result	  of	  average	  hourly	  consumption	  used	  for	  Ventilation	  and	  use	  of	  
pumps.	  The	  hourly	  use	  of	  these	  loads	  will	  be	  specified	  in	  a	  later	  stage	  through	  simulations.	  
  

  
Monthly electricity production-consumption in Paris 

  
The	  monthly	  data	  for	  production	  as	  provided	  by	  PVSYST	  simulations,	  are	  presented	  for	  Paris,	  
showing	  that	  the	  peak	  production	  occurs	  in	  June.	  Regarding	  consumption,	  a	  constant	  value	  
for	  each	  month	  was	  considered,	  based	  on	  daily	  consumption	  profile	  of	  contest	  week	  days.	  It	  
can	  be	  observed	  that,	  during	  winter	  months,	  electricity	  needs	  to	  be	  extracted	  from	  the	  grid	  
while	  during	  summer	  months	  there	  is	  a	  lot	  of	  excess	  electricity	  production.	  
 

  
Monthly electricity injected to or extracted from the grid is shown for Paris 
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	  The	  yearly	  production	  as	  well	  as	  the	  electricity	  injected	  to	  or	  extracted	  from	  grid	  are	  shown	  
in	  the	  following	  table	  for	  both	  Paris	  and	  Copenhagen.	  
 

Yearly production data for Paris  

Yearly	   energy	  
(kWh)	   PV	  production	  

Injected	   to	  
grid	  

Extracted	  
from	  grid	  

Paris	   4506	   2827	   161	  

  
It	   can	   be	   observed	   that	   the	   electricity	   injected	   to	   grid	   is	   much	   more	   than	   the	   electricity	  
extracted	   from	   the	   grid.	   This	   results	   in	   revenues	   from	   selling	   the	   electricity	   as	   well	   as	   in	  
environmental	  and	  societal	  benefits.	  
 

Conclusions after PV production measurements 
The	  previous	  sub	  sections	  showed	  that	  EMBRACE	  was	  estimated	  to	  have	  a	  peak	  of	  4.9	  kWp	  
and	   produce	   approx.	   475	   kWh	   in	   july.	   The	   peak	   reach	   during	   the	   competition	   was	   4,992	  
Kwp,	  just	  under	  the	  limit	  described	  in	  the	  rules	  of	  5	  kWp,	  while	  the	  production	  for	  the	  1st	  of	  
july	  to	  the	  11th	  of	  july	  were	  234	  kWh.	  The	  production	  for	  july	  month	  can	  thus	  be	  estimated	  
to	  585	  kWh	  if	   the	  weather	  condition	  had	  been	  the	  same	  the	  rest	  of	  the	  month,	   leading	  to	  
23%	  higher	  energy	  production	  than	  the	  initial	  estimation.	  
 

Energy Pay-Back Time Analysis 
An	  energy	  Pay-‐Back	  Time	  analysis	  was	  done	  in	  order	  to	  calculate	  the	  time	  needed	  for	  the	  PV	  
system	  to	  generate	  the	  energy	  consumed	  initially	  for	  its	  construction	  as	  well	  as	  to	  calculate	  
the	  the	  GHG	  emissions	  that	  will	  be	  avoided	  by	  its	  operation.	  
	  	  
The	   energy	   produced	   per	   year	   in	   Paris	   -‐	   both	   the	   actual	   installation’s	   production	   and	   the	  
specific	   production	   as	   determined	   from	   the	   PVSYST	   simulations	   -‐	   is	   used,	   and	  other	   input	  
follows	  the	   IEA-‐PVPS-‐T10-‐01:200621	  report.	   	  The	   lifetime	  of	   the	  system	  was	  assumed	  to	  be	  
30	   years.	   The	   energy	   input	   needed	   to	   manufacture	   the	   system	   corresponds	   to	   a	   multi-‐
crystalline	   silicon	   module.	   Furthermore,	   the	   Energy	   Return	   Factor	   (ERF)	   was	   also	   found,	  
showing	   how	   much	   more	   energy	   is	   produced	   by	   the	   PV	   system	   throughout	   its	   lifetime	  
compared	   to	   the	   initial	   energy	   input.	   Regarding	   the	  CO2	  mitigation	   indicator,	   the	   average	  
CO2	  content	  of	  France’s	  electricity	  mix	  is	  used.	  
	   	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
21 International Energy Agency (IEA) Photovoltaic Power System Programme - http://www.iea-pvps.org 
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Data and results for energy payback time analysis 

Specific	  production	  (kWh/kWp/year)	   919	  

Specific	  Energy	  input	  for	  PV	  system(kWh/kWp)	   2525	  

Lifetime	   30	  

Specific	  Production	  over	  lifetime	  (kwh/kWp)	   27570	  

Produced	  energy	  (kwh/year)	   4506	  

Installed	  capacity	  (kWp)	   4,9	  

Production	  over	  lifetime	  (kWh)	   135180	  

Energy	  input	  for	  PV	  system	  (kWh)	   12373	  

Estimated	  GHG	  emissions	  per	  kWh	  generated(kgCO2/kWh)	   0,08	  

Energy	  indicators	   	  	  

EPBT	   2,7	  

ERF	   10,9	  

Environmental	  indicator	   	  	  

Potential	  CO2	  mitigation	  (tCO2/kWp)	   2,2	  

CO2	  mitigation	  (tCO2)	   10,8	  

 
As	  it	  can	  be	  observed,	  the	  time	  needed	  for	  the	  system	  to	  produce	  the	  energy	  which	  is	  equal	  
to	   the	   energy	   input	   is	   found	   to	   be	   2,7	   years.	  What	   is	   more,	   the	   PV	   system	   will	   produce	  
around	  11	   times	   the	   energy	   consumed	   for	   its	  manufacturing.	   Finally	   the	  CO2	  mitigation	   is	  
10.8	  t	  CO2	  saved	  because	  of	  the	  PV	  system	  operation.	  
In	   the	   graph	   below,	   the	   cumulative	   net	   energy	   production	   throughout	   the	   lifetime	   of	   the	  
system	  is	  shown.	  During	  the	  first	  years,	   it	   is	  negative	  due	  to	  the	  fact	  that	  the	  energy	   input	  
needed	  is	  taken	  into	  account.	  

 
Cumulative energy production of system over lifetime  
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EMBRACE	  in	  the	  Paris	  scenario	  will	  be	  supplied	  with	  a	  solar	  combisystem.	  Solar	  combisystem	  
is	  a	  solar	  heating	  system	  for	  combined	  domestic	  hot	  water	  preparation	  and	  space	  heating.	  
Furthermore	  it	  will	  serve	  the	  appliances’	  needs	  for	  hot	  water	  (washing	  machine,	  dryer).	  
	  
With	   a	   solar	   water	   heating	   system	   the	   EMBRACE	   team	   intends	   to	   reduce	   the	   use	   of	  
electricity	  aiming	  to	  diminish	  hot	  water	  costs	  and	  carbon	  dioxide	  emissions.	  Solar	  hot	  water	  
is	  a	  green,	  renewable	  heating	  system	  which	  will	  contribute	  to	  a	  neutral	  carbon	  footprint.	  
	  
This	  is	  why	  in	  the	  Copenhagen	  scenario	  not	  having	  Solar	  collectors	  makes	  sense	  compared	  to	  
the	  Paris	  one:	  
1)	  Solar	  radiation	  and	  so	  Production	  of	  hot	  water	  is	  higher	  in	  Paris	  
2)	   During	   the	   passive	   evaluation	   period	   (7-‐8	   of	   July)	   we	   will	   still	   need	   hot	   water	   to	   be	  
supplied	  to	  our	  appliances	  (washing	  machine,	  dishwasher),	  since	  our	  appliances	  are	  supplied	  
by	  hot	  water.	  
3)	  Generally	  	  the	  use	  of	  hot	  water	  heated	  up	  by	  solar	  collectors	  would	  reduce	  the	  electrical	  
energy	  consumption	  in	  Paris	  (without	  solar	  collector	  the	  hot	  water	  would	  be	  produced	  with	  
the	  heat	  pump).	  
4)	   In	   the	  Copenhagen	  scenario	  the	  area	  of	  PV	  can	  be	  bigger	  than	  5kWp,	  this	   increases	  the	  
electricity	  produced	  and	  consequently	  the	  availability	  of	  "free"	  electricity	  to	  be	  used	  by	  the	  
Heat	  Pump.	  In	  this	  why	  the	  solar	  collectors	  can	  be	  removed	  having	  a	  simpler	  system	  is	  terms	  
of	  control	  and	  of	  maintenance	  in	  the	  Danish	  scenario.	  

05.3.7.1 DEMAND ESTIMATIONS  
The	  solar	  thermal	  loads	  in	  EMBRACE	  are	  divided	  in	  three	  categories:	  

1. DHW	  
2. Space	  Heating	  
3. Appliances	  	  

 
1.	   Starting	   with	   the	   definition	   of	   DHW	   load,	   the	   team	   made	   an	   assumption	   that	   the	  
EMBRACE’s	   occupants	   profile	   match	   to	   the	   program	   n°2	   as	   defined	   by	   EN	   15316-‐1	   (the	  
program	  can	  be	  found	  in	  Chapter	  05.3.3.2.	  Domestic	  hot	  water	  tank	  and	  pipes	   insulation	  ).	  
Summing	  up,	  the	  daily	  needs	  rise	  up	  to	  111,7	  liters	  (40772	  liters/year).	  
	  
2.	   The	   solar	   thermal	   system	   has	   to	   partially	   cover	   the	   space	   heating	   demand.	   Partially	  
means,	   in	   case	   of	   sunny	   days,	   when	   the	   irradiation	   is	   strong	   enough,	   the	   system	   has	   to	  
supply	  the	  house	  for	  both	  DHW	  and	  space	  heating.	  	  
	  
3.	  Besides	  the	  services	  described	  above,	  in	  the	  load	  interpretation	  should	  be	  also	  added	  the	  
clothes’	  washer,	  as	  well	  as	  the	  dishwasher’s	  and	  the	  dryer’s	  requirements	  for	  hot	  water.	  The	  
heat	  will	  mainly	  be	  provided	  by	   solar	   collectors	  and	   transferred	   to	   the	  machine	   through	  a	  
heat	  exchanger.	  
Summing	  up	  the	  above	  loads	  the	  annual	  demand	  of	  domestic	  hot	  water	  is	  35,20	  m3.	  

05.3.7. SOLAR THERMAL DESIGN 
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05.3.7.2 EXPECTED CONTRIBUTION OF THE SYSTEM  
The	  air-‐water	  heat	  pump	  in	  combination	  with	  solar	  heating	  system	  will	  result	  in	  a	  complete	  
heating	  system.	  Any	  need	  for	  auxiliary	  heating	  of	  DHW	  will	  be	  provided	  by	  heat	  recovery	  of	  
ventilation	  exhaust	  air	  and/or	  an	  electrical	  heating	  element	  installed	  in	  the	  DHW	  tank.	  
	  	  
Solar	   panels	   are	   heating	   up	   first	   	   a	   tank	   used	   for	   DHW	   and	   appliances	   where	   the	  
temperature	   need	   ranges	   at	   55	   0C.	   The	   remaining	   energy	   transferred	   in	   the	   buffer	   tank	  
which	   is	   being	  used	   for	   heating	   the	  dwelling.	   The	   temperature	   in	   the	  buffer	   tank	   is	  much	  
lower	  and	  ranges	  ~25-‐30	  0C.	  
	  
The	  auxiliary	  heat	  required	  for	  the	  DHW	  tank	  will	  be	  provided	  primarily	  by	  the	  passive	  heat	  
recovery	   of	   the	   ventilation	   system.The	   energy	   stored	   in	   the	   extracted	   air	   is	   converted	   to	  
heat	   without	   the	   addition	   of	   extra	   energy.	   Any	   additional	   energy	   will	   be	   supplied	   by	   the	  
heating	  element	  installed	  in	  the	  DHW	  tank.	  
	  
The	  heat	  pump	  is	  only	  used	  when	  there	  is	  not	  enough	  solar	  energy	  in	  the	  tank	  to	  fulfill	  the	  
space	   heating	   demand	   of	   EMBRACE.	   It	   also	   operates	   when	   there	   is	   an	   instant	   need	   for	  
energy	  and	  using	  cutting	  edge	  modulating	  compressor	  technology,	  which	  ensures	  it	  is	  highly	  
efficient.	  
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05.3.7.3 SUPPORTING STRUCTURE 
The	   solar	   collectors	   are	   supported	   on	   the	   Weather	   Shield	   modules.	   The	   collectors	   are	  
directly	   attached	   to	   the	   glulam	   timber	   beams	   with	   mechanical	   connections	   prior	   to	  
transportation	   and	   erection.	   The	   gaps	   between	   the	   collectors	   are	   waterproof	   sealed	   to	  
protect	  the	  space	  below.	  Once	  the	  modules	  are	  in	  place,	  the	  appropriate	  cabling	  and	  piping	  
connections	   are	   made.More	   information	   on	   this	   structure	   is	   available	   in	   the	   Chapter	  
05.3.1.3.	  Weather	  Shield	  description.	  
	  

 
 3D representation of solar heating system in EMBRACE 

05.3.7.4 SOLAR COLLECTORS 
The	  solar	  collectors	  for	  EMBRACE	  will	  be	  purchased	  by	  Batec	  Solvarme	  A/S.	  The	  BA22	  series	  
is	  a	  flat	  plate	  collector	  with	  aperture	  area	  of	  2,2	  m2,	  nominal	  effect	  1,406	  kW	  and	  efficiency	  
~80	  %.	  More	  information	  concerning	  the	  technical	  characteristics	  of	  the	  solar	  collector	  can	  
be	  obtained	  at	  the	  Technical	  note:	  Solar	  Thermal	  System.	  

05.3.7.5 STORAGE SYSTEM 

DHW Tank 
The	  compact	  P	  tank	  produced	  by	  Nilan	  is	  able	  to	  provide	  a	  rapid	  availability	  of	  solar	  energy.	  
The	  DHW	  tank	  has	  a	  volume	  of	  180	   liters.	  Compact	  P	   is	  equipped	  with	  an	  energy-‐efficient	  
ventilation	  solution	  with	  active	  and	  passive	  heat	  recovery,	  hot	  water,	  cooling	  and	  heating	  in	  
a	  complete	  indoor	  climate	  solution.	  Compact	  P	  tank	  is	  charged	  via	  the	  solar	  collectors	  or	  the	  
heat	   recovery	  of	   the	  ventilation	   system.	  More	   information	  on	   this	   structure	   is	   available	   in	  
the	  “Technical	  note	  on	  Heating	  and	  Cooling	  Production”.	  
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Buffer Tank 
The	   buffer	   tank	  will	   be	   used	   for	   the	   space	   heating	   and	   cooling.	   The	   storage	   capacity	   has	  
calculated	  around	  1000	  liters.	  For	  this	  function	  a	  storage	  tank	  from	  Batec	  will	  be	  used.	  Due	  
to	   its	   dual	   function	   (heating	   and	   cooling)	   the	   tank	   is	   equipped	   with	   two	   coils	   for	   each	  
function.	   The	  main	   difference	   of	   these	   coils	   is	   the	   positioning	   in	   the	   tank	   (heating	   coil	   is	  
installed	   lower	   in	  the	  tank	  and	  the	  cooling	  coil	   in	  a	  higher	   layer).	  More	   information	  on	  the	  
level	  of	  insulation	  is	  available	  in	  the	  “Technical	  Note	  on	  DHW	  tank	  insulation	  and	  hydraulic	  
pipes”.	  

05.3.7.6 MAINTENANCE 
The	   collectors	   are	   generally	   self	   cleaning	   due	   to	   angle	   sited.	   Periodical	   checks	   should	   be	  
applied	  in	  system’s	  components	  in	  order	  to	  preserve	  the	  efficiency	  in	  desired	  ranges.	  More	  
specifically	  the	  pressure	  within	  the	  system,	  the	  circulation	  pump	  and	  the	  condition	  of	  glycol	  
mix	  should	  be	  checked	  annually.	  Furthermore	  a	  visual	  inspection	  of	  collector	  array	  should	  be	  
scheduled	  every	  1-‐2	  years.	  
 
05.3.7.7 CONTROL SYSTEMS  
The	  system	  is	  able	  to	  switch	  from	  one	  operation	  mode	  to	  the	  other,	  according	  to	  the	  
available	  solar	  resource.	  The	  control	  system	  is	  designed	  such	  as	  to	  avoid	  too	  frequent	  
switches	  that	  lead	  to	  instability	  and	  higher	  energy	  consumption,	  storing	  the	  heat	  in	  the	  
aforementioned	  tanks.	  More	  in	  details,	  for	  the	  solar	  	  heating	  system	  these	  are	  the	  settings:	  
	  

● Control	  the	  collector	  loop.	  Temperature	  sensor	  in	  the	  outlet	  of	  the	  solar	  collectors,	  
to	  bypass	  the	  heat	  pump	  if	  not	  needed.	  

● Control	  the	  DHW	  preparation	  system.	  Temperature	  sensor	  in	  the	  outlet	  of	  the	  DHW	  
tank:	   normally	   the	  water	   in	   the	   outlet	   from	   the	   DHW	   tank	   is	   still	   sufficient	   to	   be	  
circulated	   in	   the	   space	   heating	   tank	   because	   of	   the	   lower	   design	   temperature	  
(around	  55	  °C	  and	  30	  °C	  for	  the	  DHW	  and	  SH	  respectively).	  

● Control	  the	  auxiliary	  heater	  itself.	  
● Control	  the	  energy	  input	  of	  the	  auxiliary	  heater	  to	  the	  heat	  sink.	  
● Control	  the	  space	  heating	  system.	  
● A	  number	  of	  controllers	  for	  the	  3-‐way	  valves	  that	  adjust	  according	  to	  the	  scenarios.	  

Special	  attention	  needs	  to	  be	  given	  in	  the	  controllers,	  as	  depending	  on	  the	  complexity	  of	  the	  
system	  a	  lot	  of	  controllers	  are	  used	  for	  solving	  these	  tasks.	  It	  can	  happen	  that	  caused	  by	  lack	  
of	  coordination	  the	  system	  performance	  is	  low	  or	  in	  the	  worst	  case	  one	  controller	  is	  blocking	  
actions	  from	  another	  controller.	  

05.3.7.8 ECONOMIC 
An	  estimation	  of	  the	  installation’s	  cost	  stands	  to	  2,500	  euro	  for	  a	  system	  of	  4,4m2	  including	  
all	  the	  required	  parts	  and	  connections	  (the	  compact	  P	  and	  the	  buffer	  tank	  is	  not	  included	  in	  
the	   cost	   estimation).	   A	   detailed	   offer	   will	   be	   obtained	   in	   the	   near	   future	   from	   BATEC	  
company	   including	   the	   price	   for	   the	   buffer	   tank.	   According	   to	   simulation	   that	   have	   been	  
done,	  the	  system	  is	  expected	  to	  provide	  savings	  up	  to	  75%	  of	  electrical	  energy.	  The	  savings	  
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in	   electricity	   usage	   correspond	   to	   an	   amount	   of	   ~300	   euros	   annually,	   concluding	   in	   that	  
scenario	  to	  a	  payback	  period	  of	  	  9	  years.	  In	  a	  conditional	  scenario	  these	  annual	  savings	  could	  
be	   rendered	   in	   user’s	   profit	   of	   around	   6,000	   euros	   (including	   any	   possible	   cost	   for	  
maintenance)	  for	  EMBRACE’s	  life	  cycle.	  

  
 
 
 

Two	  types	  of	  crystalline	  silicon	  PVs	  will	  be	  installed:	  Transparent	  panels	  with	  monocrystalline	  
silicon	  tiles	  and	  compact	  photovoltaic	  panels	  with	  monocrystalline	  cells	   installed	  above	  the	  
house.	  Both	  types	  are	  integrated	  into	  the	  weather	  shield.	  Moreover	  flat	  plate	  collectors	  will	  
be	  installed	  at	  the	  highest	  left	  part	  of	  the	  roof.	  
The	  transparent	  and	  compact	  cells	  are	  produced	  in	  Denmark	  by	  Gaia	  Solar	  in	  accordance	  to	  
IEC	  61215	  standards	  and	  the	  solar	  collectors	  by	  BATEC	  Solar.	  

05.3.8.1. AESTHETICAL INTEGRATION 
By	  holistic	  approach,	  integrating	  these	  systems	  does	  not	  only	  mean	  replacing	  a	  conventional	  
building	   material,	   but	   also	   aesthetically	   integrating	   it	   into	   the	   design	   which	   is	   called	  
architectural	   integration.	   These	   systems	   do	   not	   have	   to	   be	   building	   integrated	   to	   achieve	  
architectural	   integration.	   It	   can	   be	   further	   said	   that	   building	   integration	   is	   architectural	  
integration	  but	  all	  architectural	  integration	  is	  not	  building	  integration.	  	  
The	   opaque	   parts	   of	   the	   envelope	   protect	   the	   interior	   from	   intrusions,	   rain,	   wind,	   noise,	  
heat,	  cold	  and	  other	  impacts.	  The	  transparent	  allow	  daylight,	  natural	  ventilation	  and	  passive	  
solar	  gains	  into	  the	  building.	  They	  also	  visually	  link	  the	  interior	  with	  the	  exterior	  in	  addition	  
to	  ensuring	  the	  whole	  set	  of	  protection	  functions	  similar	  to	  that	  of	  the	  opaque	  parts.	  These	  
transparent	   parts	   may	   also	   be	   composed	   of	   mobile	   components	   and	   systems	   (operable	  
windows,	   shading	   devices)	   for	   regulating	   views,	   daylighting,	   passive	   solar	   gains	   and	   even	  
natural	  ventilation.	  
The	   integration	   will	   provide	   an	   architecturally	   elegant	   house,	   moreover	   well-‐integrated	  
systems	  will	  increase	  market	  acceptance.	  

  
Architectural representation of the opaque and transparent installations 

05.3.8. BUILDING INTEGRATED ACTIVE SYSTEMS  
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05.3.8.2. CONSTRUCTIVE SOLUTION 
PV	  systems	  can	  be	  incorporated	  into	  buildings	  either	  by	  superimposition	  where	  the	  system	  
is	  attached	  over	  the	  existing	  building	  envelope	  or	  by	  integration	  where	  the	  system	  forms	  a	  
part	  of	  building	  envelope.	  	  Thorough	  research	  took	  place	  in	  order	  to	  assure:	  
	  

● The	   load	   of	   the	   PV	   systems	   is	   correctly	   transferred	   to	   the	   load-‐bearing	   structure	  
through	  appropriate	  fixing,	  avoiding	  thermal	  bridges.	  

● The	  system	  presents	  wind	  load	  resistance	  and	  is	  safe	  in	  case	  of	  damages	  
● Temperature	  rise	  behind	  the	  system	  and	  in	  the	  weather	  shield	  is	  taken	  into	  account	  
● Fixing	   details	   and	   jointing	   of	   the	   system	   is	   compatible	   with	   those	   of	   the	   other	  

envelope	  materials.	  

The	   integration	  also	  takes	  over	  other	  functions	  of	  the	  building	  skin.	  Since	   it	   is	  mounted	  on	  
the	  Weather	   Shield,	   it	   should	   function	   as	   part	   of	   the	  watertight	   skin.	  A	   distinction	   can	  be	  
made	  between	  literal	  integration	  of	  these	  systems	  in	  the	  building	  skin	  as	  cladding	  elements	  
or	  integrated	  into	  the	  roof	  or	  as	  building	  components	  like	  awnings,	  shading	  devices	  etc.	  This	  
could	  be	  the	  cost	  of	  support	  construction	  and	  the	  cost	  of	  building	  elements,	  such	  as	  tiles	  and	  
cladding	   elements.	   It	   is	   evident	   that	   PV	   systems	   integrated	   into	   buildings	   give	   a	   more	  
elegant	   look	   and	   it	   is	   more	   efficient	   to	   integrate	   these	   systems	   when	   constructing	   the	  
building,	  rather	  than	  mounting	   it	  afterwards.The	  opaque	  parts	  are	  structural/nonstructural	  
multilayer	  systems.	  The	  PV	  parts	  and	  the	  insulation	  of	  the	  building	  envelope	  can	  potentially	  
become	  one	  single	  element	  or	  complement	  each	  other.	  This	   is	  a	  very	   interesting	  aspect	  of	  
integration	  basically	  to	  reduce	  the	  use	  of	  materials	  and	  bring	  down	  cost.	  

05.3.8.3. ENERGY BALANCE POSITIVE IMPACT 
With	   integrated	   systems,	   power	   is	   generated	   on	   site	   and	   replaces	   electricity	   that	   would	  
otherwise	  be	  purchased	  at	  commercial	  rates	  and	  distribution	  losses	  are	  avoided.	  Moreover	  
connected	  with	  grid,	  ensures	  security	  of	  supply	  and	  high	  cost	  of	  storage	  is	  avoided.	  
The	  opaque	  PV	  installation	  will	  provide	  the	  main	  electricity	  production	  supported	  secondary	  
by	   the	   transparent	   system	   which	   will	   be	   used	   also	   for	   shading	   reasons.	   Section	   05.3.6	  
provides	  a	  detailed	  electrical	  energy	  balance	  calculation.	  
The	  solar	  collectors	  will	   cover	  up	   to	  75%	  of	  DHW	  needs	  during	   the	  year.More	   information	  
can	  be	  found	  in	  Chapter	  05.3.7.	  

05.3.8.4. ADDITIONAL PROPERTIES 
Part	  of	  building	  is	  used	  for	  PV	  and	  thermal	  installation	  and	  so	  additional	  land	  is	  not	  required.	  
This	  is	  particularly	  significant	  in	  the	  densely	  populated	  areas	  in	  the	  cities.	  
Transparent	   PV	  will	   be	   integrated	   as	  multifunctional	   elements	   in	   the	   roof	   of	   the	  Weather	  
Shield,	  which	  allows	  controlled	   light	   into	  the	  envelope.	  The	  semi-‐transparent	  roof	  unit	  will	  
protect	  the	  building	  from	  heat,	  sunlight,	  glare	  and	  weather.	  Furthermore	  sun	  protection	  of	  
the	  roof	  is	  necessary	  in	  order	  to	  avoid	  overheating	  in	  summer.	  The	  PV	  cells	  absorb	  70-‐80%	  of	  
the	  sun	  radiation.	  The	  space	  between	  the	  cells	  transmits	  enough	  diffuse	  daylight	  to	  achieve	  
a	  pleasant	  lighting	  level	  in	  the	  area,	  especially	  by	  regulating	  the	  filling	  ratio	  of	  the	  modules.	  
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This	   glazing	   system,	   though	   it	   will	   be	   a	   small	   capacity	   PV	   system,	   can	   be	   very	   visually	  
appealing	  and	  provide	  great	  visibility.	  Because	  skylight,	  atrium	  and	  greenhouse	  glass	  is	  often	  
heavily	   tinted	   to	  minimize	   glare,	   semi	   transparent	  PV	  glazing	   can	  make	  a	   good	   substitute.	  
The	  glazing	  panels	  consist	  of	  PV	  material	  attached	  to	  the	  glass	  with	  a	  glass	  to	  glass	  system	  
and	  a	  frameless	  solar	  panel.	  

	  
Perspective inside the Weather Shield with shading provided by the transparent system 

05.3.8.4. MAINTENANCE AND ACCESSIBILITY 
The	  photovoltaics	  and	  solar	  collectors	  are	  accessible	  for	  maintenance	  in	  the	  competition	  by	  
a	  ladder	  to	  the	  roof	  of	  the	  structure,	  which	  is	  designed	  for	  maintenance	  access	  loads.	  In	  this	  
case,	  fall	  protection	  measures	  for	  the	  maintenance	  worker	  are	  essential,	  and	  the	  area	  below	  
the	   work	   and	   low-‐side	   of	   the	   inclined	   roof	   must	   remain	   clear	   of	   persons	   to	   avoid	   falling	  
items.	   Replacement	   of	   the	   solar	   collectors	   or	   PVs	   would	   involve	   removing	   the	   weather	  
sealant	  and	  mechanical	  connections	  to	  the	  Weather	  Shield.	  
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O5.4 ENERGY 
EFFICIENCY 
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EMBRACE	  is	  a	  minimal	  city	  dwelling	  created	  to	  facilitate	  urban	  densification	  by	  creating	  new	  
communities	   on	   top	   of	   existing	   buildings.	   Existing	   rooftops	   are	   not	   utilized	   to	   their	   full	  
potential	   as	   they	   currently	   lack	   livable	   space.	   Many	   existing	   rooftops	   are	   defined	   by	   the	  
Copenhagen	   municipality	   as	   suitable	   places	   for	   densification	   and	   the	   urban	   renewal	   by	  
adding	   new	   buildings	   to	   the	   existing	   city.	   The	   project	   is	   intended	   for	   the	   developing	  
Nordhavn	  district	  of	  Copenhagen,	  Denmark	  but	  is	  conceptually	  open	  to	  adaptation	  to	  other	  
contexts.	  

	  

Left:	  Illustration	  of	  EMBRACE	  with	  the	  Weather	  Shield.	  Right:	  Concept	  of	  EMBRACE	  on	  top	  of	  existing	  building.	  

The	   project	   is	   designed	   to	   add	   self-‐sustaining	   communities	   to	   the	   existing	   urban	   fabric.	  
EMBRACE	  dwellings	  consist	  of	  a	   'Thermal	  Envelope'-‐unit	  and	  a	   'Sheltered	  Garden'	   covered	  
by	  a	  Weather	  Shield.	  The	  sheltered	  garden	  stimulates	   interconnectivity	  by	  creating	  diverse	  
semi-‐private	   and	   semi-‐public	   zones	   that	   are	   usable	   by	   both	   the	   rooftop	   residents	   and	  
residents	  from	  dwellings	  below.	  Social	  interaction	  aims	  to	  counter	  loneliness	  in	  Copenhagen	  
and	  is	  encouraged	  through	  the	  sharing	  of	  resources,	  knowledge	  and	  time.	  
	  
The	  protective	  skin	  integrates	  solar	  power	  technologies	  to	  power	  the	  rooftop	  dwellings	  and	  
share	   energy	   with	   the	   building	   below.	   The	   dwelling	   is	   composed	   of	   largely	   prefabricated	  
modules	  to	  enable	  simple	  assembly	  on	  top	  of	  existing	  buildings.	  
	  
Reducing	   the	   environmental	   impact	   has	   been	   stimulated	   from	   early	   on	   through	   the	  
sustainability	  concept	  of	  Smart,	  Save,	  Share".	  	  The	  strategy	  firstly	  aims	  to	  Save	  energy	  used	  
or	  embodied	  in	  EMBRACE.	  Secondly,	  the	  energy	  that	  is	  consumed	  is	  consumed	  in	  an	  efficient	  
and	   Smart	   manner.	   Thirdly,	   the	   communal	   impact	   of	   EMBRACE	   on	   the	   environment	   and	  
society,	   from	   	   f.e.	   the	   shared	   space	   and	   vehicles,	   will	   be	   reduced	   by	   Sharing	   the	   impact	  
among	  multiple	  dwellings.	  

	  
Concept	  illustration.	  Read	  from	  top	  clockwise.	   	  

PROJECT RECAP 
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Technical Project summary, Copenhagen 

1.	  Project	  Dimensions	  (Copenhagen)	   Data	  	   Location	  of	  detailed	  
information	  in	  PM/PD	  

Gross	  area	  (m2)	   80,5	   AR-‐021	  &	  AR-‐022	  
PM	  05.2.3.3	  

Net	  floor	  area	  (m2)	   59,0	   IN-‐001	  
PM	  05.2.3.3	  

Conditioned	  Volume	  (m3)	   137,0	   AR-‐201	  &	  AR-‐211	  
Appendix	  -‐	  SID	  v3	  CPH	  

2.	  House	  envelope	  (Copenhagen)	   	   	  

Insulation	  types	  and	  thickness	  (m)	   (Glass	  wool	  0.030	  W/m.K)	  
0,295;	  0,195;	  0,095;	  0,045	  

PM	  05.3.2.1	  
Appendix	  -‐	  SID	  v3	  CPH	  

Walls	  area	  (m2)	  and	  Thermal	  Transmittance	  
(W/m2.K)	  

38,3	  m2	  
Average	  0,085	  W/m2.K	  

AR-‐341	  
Appendix	  -‐	  SID	  v3	  CPH	  

Floor	  area	  (m2)	  and	  Thermal	  Transmittance	  
(W/m2.K)	  

5,8	  m2	  
Average	  0.096	  W/m2.K	  

AR-‐321	  
Appendix	  -‐	  SID	  v3	  CPH	  

Roof	  area	  (m2)	  and	  Thermal	  Transmittance	  
(W/m2.K)	  

59,3	  m2	  
Average	  0.085	  W/m2.K	  

AR-‐331	  
Appendix	  -‐	  SID	  v3	  CPH	  

Glazing	  area	  (m2)	  and	  Thermal	  Transmittance	  
(W/m2.K)	  
Glazing	  Solar	  gain	  (SHGC)	  

2.6	  m2	  Skylights	  (Velux	  GGU)	  
0,81	  W/m2.K	  
40%	  

AR-‐301	  	  
Appendix	  -‐	  SID	  v3	  CPH	  

Glazing	  area	  (m2)	  and	  Thermal	  Transmittance	  
(W/m2.K)	  
Glazing	  Solar	  gain	  (SHGC)	  

12.0	  m2	  Facade	  (Ideal	  C.+i)	  
0,83	  W/m2.K	  
62%	  

AR-‐301	  &	  AR-‐311	  
Appendix	  -‐	  SID	  v3	  CPH	  

3.	  HVAC	  Systems	  (Copenhagen)	   	   	  

Heating	  system	   	  

Energy	  Production	  	   Space	  heating	  and	  DHW	   Appendix	  –	  Technical	  Note	  on	  
Exhaust	  heat	  pump	  

Equipment	   Exhaust	  heat	  pump	   Appendix	  –	  Technical	  Note	  on	  
Exhaust	  heat	  pump	  

Type	   Nilan	   Appendix	  –	  Technical	  Note	  on	  
Exhaust	  heat	  pump	  

Model	   Compact	  P	   Appendix	  -‐	  SID	  v3	  CPH	  

Heating	  Capacity	   1680	  W	   Appendix	  -‐	  SID	  v3	  CPH	  

05.4 ENERGY EFFICIENCY DESIGN NARRATIVE 
 

 

05.4.1 TECHNICHAL PROJECT SUMMARY  
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Heating	  Efficiency	   SCOP	  =	  3,52	   Appendix	  –	  Technical	  Note	  on	  
Exhaust	  heat	  pump	  

Cooling	  Capacity	   -‐	  (not	  needed	  in	  CPH)	   	  

Cooling	  Efficiency	   -‐	  (not	  needed	  in	  CPH)	   	  

Terminal	  Unit	   Uponor	   	  

Type	   Radiant	  floor	  heating	   Appendix	  -‐	  SID	  v3	  CPH	  
PM	  05.4.2.2	  

Model	   Silencio	  (20	  cm	  pipe	  spacing)	   Appendix	  -‐	  SID	  v3	  CPH	  
PM	  05.4.2.2	  

Refrigerant	  (Type)	   Refrigerant	  fluid	  R410A	   	  

Heat	  Recovery	  Ventilation	  or	  Energy	  Recovery	  
Ventilation	  

Heat	  Recovery	  Ventilation,	  Hybrid	  
system	  with	  DCV	  control	  	  

	  

Type	   Nilan	  	   	  

Model	   Compact	  P	   	  

Efficiency	   Temp	  eff.	  =	  86	  %	  -‐	  SFP	  =	  0,55	  kJ/m3	   Appendix	  –	  Technical	  Note	  on	  
Mechanical	  Ventilation	  

4.	  Domestic	  Hot	  Water	  (Copenhagen)	   	   	  

System	  (Type,	  capacity)	   No	  solar	  thermal	  system	   	  

Solar	  thermal	  Collectors	   No	  solar	  thermal	  system	   	  

Type	   No	  solar	  thermal	  system	   	  

Area	  (m2)	   No	  solar	  thermal	  system	   	  

5.	  Electrical	  Energy	  production	  (Copenhagen)	   	   	  

PV	  Modules	  (Type)	   Gaia	  Solar	  Black	  Line	  GS	  245	   PM	  05.3.5	  

PV	  panels	  area	  (m2)	   57,6	  m2	   PM	  05.3.5	  

Installed	  PV	  power	  (kWp)	   5,9	  kWp	   PM	  05.3.5	  

Estimated	  energy	  production	  (kWh/year)	  
(Include	  the	  information	  of	  all	  PV	  types)	  

5357	  kWh/year	  
	  

PM	  05.3.6	  

6.	  Energy	  consumption	  (Copenhagen)	   	   	  

Estimated	  energy	  consumption	  (kWh/year)	   2211	   PM	  05.4.2.2	  

Estimated	  electrical	  consumption	  per	  
conditioned	  (kWh/year	  per	  net	  m2)	  

37,5	   PM	  05.3.6	  

Energy	  Use	  Characterization	  (%	  of	  total	  energy	  consumption)	   PM	  05.4.2.2	  

Heating	  (%)	   26	   	  
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Cooling	  (%)	   0	   	  

Ventilation	  (%)	   5	   	  

Pumps	  (%)	   5	   	  

Domestic	  Hot	  Water	  (%)	   13	   	  

Lighting	  (%)	   4	   	  

Appliances	  and	  Devices	  (%)	   4	   	  

7.	  Energy	  Balance	  (Copenhagen)	   	   	  

Estimated	  energy	  balance	  (kWh/year)	   3146	   	  

Estimated	  CO2	  emissions	  (Tn/year)	  (Include	  
the	  calculation	  in	  the	  Project	  manual	  and	  
indicate	  its	  location	  here)	  

14,8	  tn	  saved	  because	  of	  PV	  
production	  
	  

PM	  05.3.6	  

8.	  List	  of	  Singular	  and	  Innovative	  materials	  
and	  systems	  (Copenhagen)	  

	   	  

Addition	  of	  integrated	  PV’s	  on	  top	  of	  existing	  buildings	  enables	  direct	  sharing	  of	  
surplus	  electricity	  from	  EMBRACE	  that	  will	  reduce	  grid	  losses.	  

PM	  05.1.1.4	  

EMBRACE	  is	  added	  to	  existing	  buildings	  allowing	  for	  the	  pump	  to	  utilize	  waste	  heat	  
from	  exhaust	  air	  from	  apartments	  below.	  	  

Appendix	  –	  Technical	  Note	  on	  
Exhaust	  heat	  pump	  

Cloud-‐based	  House	  Management	  System	  allows	  residents	  to	  monitor	  their	  energy	  
production	  and	  consumption,	  enabling	  them	  to	  adapt	  their	  behavior	  and	  to	  reduce	  
energy	  consumption	  with	  possible	  competitions	  between	  neighbours.	  

Appendix	  -‐	  Technical	  Note	  on	  
House	  Management	  

Sharing	  Concept	  of	  devices	  such	  as	  washing	  machines/	  tumble	  driers	  on	  a	  community	  
scale.	  	  

	  

Grey	  water	  heat	  recovery	  from	  shower,	  dishwashers	  and	  washing	  machine.	   PM	  5.4.2.1	  
Appendix	  -‐	  Technical	  Note	  on	  
Grey	  Water	  Heat	  Recovery	  
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Technical Project Summary, Paris 

1. Project Dimensions (Paris) Data  Location of detailed 
information in PM/PD 

Gross area (m2) 80,5 AR-021 & AR-022 
PM 05.2.3.3 

Net floor area (m2) 59,0 IN-001 
PM 05.2.3.3 

Conditioned Volume (m3) 137,0 AR-201 & AR-211 
Appendix - SID v3 PAR 

2. House envelope (Paris)   

Insulation types and thickness (m) (Glass wool 0,030 W/m.K) 
0,295; 0,195; 0,095; 0,045 

PM 05.3.2.1 
Appendix - SID v3 PAR 

Walls area (m2) and Thermal 
Transmittance (W/m2.K) 

67,7 m2 
Average 0,085 W/m2.K 

AR-341 
Appendix - SID v3 PAR 

Floor area (m2) and Thermal 
Transmittance (W/m2.K) 

46,1 m2 
Average 0,096 W/m2.K 

AR-321 
Appendix - SID v3 PAR 

Roof area (m2) and Thermal 
Transmittance (W/m2.K) 

59,3 m2 
Average 0,085 W/m2.K 

AR-331 
Appendix - SID v3 PAR 

Glazing area (m2) and Thermal 
Transmittance (W/m2.K) 
Glazing Solar gain (SHGC) 

2.6 m2 Skylights (Velux GGU) 
0,81 W/m2.K 
40% 

AR-301  
Appendix - SID v3 PAR 

Glazing area (m2) and Thermal 
Transmittance (W/m2.K) 
Glazing Solar gain (SHGC) 

12.0 m2 Facade (Ideal C.+i) 
0,83 W/m2.K 
62% 

AR-301 & AR-311 
Appendix - SID v3 PAR 

3. HVAC Systems (Paris)   

Heating system  

Energy Production  Space heating and cooling Appendix - Technical note 
on Heating and Cooling 
production 

Equipment Reversible air-to-water heat pump Appendix - Technical note 
on Heating and Cooling 
production 

Type Daikin Appendix - Technical note 
on Heating and Cooling 
production 

Model Altherma Appendix - SID v3 PAR 

Heating Capacity 4310 W Appendix - SID v3 PAR 
 

Heating Efficiency SCOP = 4,8 Appendix - SID v3 PAR 
PM 05.4.2.2 

Cooling Capacity 7040 W Appendix - SID v3 PAR 
 

Cooling Efficiency EER = 3,21  Appendix - SID v3 PAR 
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Terminal Unit Uponor  

Type Radiant floor heating Appendix - SID v3 PAR 
PM 05.4.2.2 

Model Silencio (20 cm pipe spacing) Appendix - SID v3 PAR 
PM 05.4.2.2 

Refrigerant (Type) Refrigerant fluid R410A  

Heat Recovery Ventilation or Energy 
Recovery Ventilation 

Heat Recovery Ventilation, Hybrid 
system with DCV control  

 

Type Nilan   

Model Compact P  

Efficiency Temp eff. = 86 % - SFP = 0,55 
kJ/m3 

Appendix – Technical Note 
on Mechanical Ventilation 

4. Domestic Hot Water (Paris)   

System (Type, capacity) Flat plate solar collectors 
Efficiency = 77 % 
Hot water covarage = 65 % 

 

Solar thermal Collectors Batec Solvarme  

Type BA22  

Area (m2) 4,4  

5. Electrical Energy production (Paris)   

PV Modules (Type) Gaia Solar Black Line GS 245 PM 05.3.5 

PV panels area (m2) 66 m2 (large area because of 
transparent PVs) 

PM 05.3.5 

Installed PV power (kWp) 4.9 kWp PM 05.3.5 

Estimated energy production (kWh/year) 
(Include the information of all PV types) 

4506 kWh/year 
 

PM 05.3.6 

6. Energy consumption (Paris)   

Estimated energy consumption 
(kWh/year) 

2438 PM 05.4.2.2 

Estimated electrical consumption per 
conditioned (kWh/year per net m2) 

41,3 PM 05.3.6 

Energy Use Characterization (% of total energy consumption) PM 05.4.2.3 

Heating (%) 24  

Cooling (%) 0,5  
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Ventilation (%) 4  

Pumps (%) 9  

Domestic Hot Water (%) 8  

Lighting (%) 16  

Appliances and Devices (%) 39  

7. Energy Balance (Paris)   

Estimated energy balance (kWh/year) 2068  

Estimated CO2 emissions (Tn/year) 
(Include the calculation in the Project 
manual and indicate its location here) 

9,7 tn saved because of PV 
production 
 

PM 05.3.6 

8. List of Singular and Innovative 
materials and systems (Paris) 

  

Addition of integrated PV’s on top of existing buildings enables direct sharing of 
surplus electricity from EMBRACE that will reduce grid losses. 

PM 5.1.1.4 

Radiant un-glazed panel in the the terrace is producing free passive night 
radiative cooling. 

PM 5.4.2.3 
Appendix - Technical Note 
on Heating and Cooling 
Production 

Cloud-based House Management System allows residents to monitor their 
energy production and consumption, enabling them to adapt their behavior and 
to reduce energy consumption with possible competitions between neighbours. 

Appendix - Technical Note 
on House Management 

Sharing Concept of devices such as washing machines/ tumble driers on a 
community scale.  
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05.4.2.1 SECTION I - INFLUENCE OF ENERGY ANALYSIS ON HOUSE DESIGN 
AND COMPETITION STRATEGY 

Introduction 
Energy	  analysis	  objectives	  and	  methodology	  
Energy	   analysis	   is	   used	   to	   determine	   performance	   of	   all	   parts	   of	   the	   projected	   built	  
environment.	   It	   is	   the	   strategy	   to	  use	   compliance	   calculations	   and	  dynamic	   simulations	   to	  
determine	   the	   efficiency	   of	   the	   house	   and	   urban	   design,	   as	   well	   as	   the	   efficiency	   of	   the	  
technical	  systems.	  
	  	  
The	  Danish	  Energy	  Frame	  is	  ensuring	  efficient	  house	  design	  by	  strict	  requirements,	  as	  proof	  
of	   compliance	   has	   to	   be	   made	   before	   a	   building	   permit	   can	   be	   provided.	   In	   this	   way	  
efficiency	   of	   especially	   the	   building	   envelope	   and	   passive	   solar	   design	   is	   improved	   even	  
though	  the	  software	  and	  calculation	  method	  can	  be	  inaccurate.	  The	  Energy	  Frame	  is	  also	  a	  
well-‐known	   stamp	   for	  building	  owners	   to	  ensure	  marketability	  of	   their	  new	  buildings.	   The	  
Energy	   Frame	   is	   calculated	   via	   the	   Be10	   software	   from	  Danish	   Building	   Research	   Institute	  
(SBi).	  From	  delivery	  #5	  and	  onwards,	  compliance	  calculations	  are	  no	  longer	  used	  for	  energy	  
calculations.	  
	  	  
While	   compliance	   calculations	   can	   aid	   early	   stage	   building	   design,	   detailed	   dynamic	  
simulations	  are	  needed	  to	  determine	  loads	  for	  HVAC	  equipment	  sizing.	  It	  is	  also	  needed	  for	  
evaluation	  and	  optimization	  of	  the	  functionality	  of	  these	  systems	  as	  well	  as	  their	  effects	  on	  
the	  indoor	  climate	  quality	  of	  the	  house.	  Iterations	  towards	  energy	  efficient	  control	  strategies	  
is	  also	  made	  through	  dynamic	  simulation.	  	  
Production	   of	   electricity	   from	   PV	   panels	   is	   determined	   by	   simulations,	   but	   these	   do	   not	  
directly	  affect	  the	  energy	  design	  of	  the	  house.	  	  
	  	  
In	  addition	  to	  these	  standard	  applications	  of	  building	  simulation,	  Team	  DTU	   is	  also	  making	  
dynamic	  simulations	  of	  the	  Sheltered	  Garden	  around	  the	  house	   inside	  the	  Weather	  Shield.	  
This	   is	   done	   to	   evaluate	   the	   effect	   of	   this	   engineered	   space	   and	   ensure	   that	   it	   does	   not	  
create	   less	   attractive	   exterior	   for	   the	   house	   while	   providing	   shelter	   for	   wind	   and	   rain.	  
Dynamic	   simulations	   also	   aid	   in	   the	   parametric	   design	   of	   ventilation	   openings	   and	   solar	  
energy	  transmission	  properties.	  
  
Climate	  Data	  and	  Weather	  Analysis	  	  
The	  climate	  and	  weather	  analysis	  is	  of	  great	  importance	  to	  Team	  DTU	  since	  trying	  to	  create	  
an	   improved	   exterior	   environment	   is	   one	   of	   the	   concepts.	   Danish	   climate	   does	   not	   have	  
large	   seasonal	   temperature	   fluctuations	   because	  of	   its	   oceanic	   proximity,	   but	  most	   of	   the	  
year	   temperatures	   are	   below	  what	   can	   be	   considered	   as	   comfortable.	   In	   addition	   to	   this,	  
average	  wind	  speeds	  are	  among	  the	  highest	  in	  Europe.	  Therefore,	  cool	  and	  cold	  (as	  defined	  

05.4.2 COMPREHENSIVE ENERGY ANALYSIS AND DISCUSSION 
REPORT 
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below)	  are	  the	  most	  typical	  danish	  conditions.	  Danish	  precipitation	  levels	  are	  similar	  to	  most	  
European	  countries	  including	  also	  the	  French	  climate.	  
The	   cold	   and	   warm	   season	   are	   both	   in	   Denmark	   and	   France	   considered	   lasting	   from	  
November	  to	  March	  and	  from	  June	  to	  September	  respectively.	  The	  temperature	  averages	  of	  
periods	   are	   different	   though.	   The	   time	   spent	   in	   different	   temperature	   bands	   can	   be	   seen	  
from	   the	   graphs	   below.	   All	   weather	   data	   is	   from	   Weatherspark.com,	   unless	   stated	  
otherwise.	  Shown	  results	  are	  points	  and	  not	  annual	  shares.	  

  

Fraction of time spent in different temperature 
conditions, Copenhagen 

Fraction of time spent in different temperature 
conditions, Paris 

 
One	  of	  the	  main	  tasks	  of	  the	  EMBRACE	  Weather	  Shield	  is	  to	  create	  a	  sheltered	  environment	  
from	  wind	  and	   rain.	   It	   is	   at	   the	   same	   time	  sought	   to	  extend	   the	   seasons,	  meaning	  getting	  
more	  warm	  and	  cold	  hours	  close	  to	  the	  comfortable	  temperature	  band.	  For	  further	  analysis	  
on	  temperatures,	  see	  Appendix	  -‐	  Technical	  Note	  on	  Sheltered	  Garden	  Microclimate.	  
	  	  
As	   seen	   from	   the	   following,	   the	   wind	   directions	   are	   very	   often	   from	   west,	   southwest	   or	  
south	  in	  the	  Danish	  climate	  where	  the	  direction	  is	  more	  varied	  in	  the	  Parisian	  climate.	  The	  
magnitudes,	  the	  wind	  speeds,	  are	  also	  on	  average	  a	  little	  higher	  in	  Denmark,	  but	  especially	  
in	  the	  cold	  season.	  

  

  

Fraction of time spent in different wind directions 
and average daily wind speeds, Copenhagen 

Fraction of time spent in different wind directions 
and average daily wind speeds, Paris 
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Considering	  wind	  directions	  and	  speeds	  are	  important	  both	  for	  designing	  actual	  space	  inside	  
the	  Weather	  Shield	  but	  also	   for	   the	  ventilation	  strategy	  of	   the	   indoor	  space.	  Ventilation	   is	  
needed	   to	   ensure	   that	   excess	   heat	   as	   well	   as	   moisture	   and	   other	   pollutants	   are	   not	  
accumulated	   indoors.	   The	  ventilation	   should	  be	  user	   friendly	  and	  preferably	   the	  exchange	  
rate	  is	  manually	  adjustable.	  
	  	  
When	   considering	   the	   thermal	   comfort	   of	   the	   occupied	   spaces,	   being	   interior	   as	   well	   as	  
exterior,	  it	   is	  important	  to	  consider	  not	  only	  (operative)	  temperature	  but	  also	  the	  humidity	  
of	   the	  air,	   as	  defined	   in	   the	  PMV	   index	  etc.	  As	   the	  outside	   space	  of	  EMBRACE	  has	   shelter	  
from	  the	  wind	  and	  some	  shading	  for	  direct	  sunlight,	  the	  thermal	  comfort	  in	  this	  space	  can	  be	  
considered	  mainly	  a	  function	  of	  the	  air	  temperature	  and	  humidity	  levels.	  Further	  analysis	  on	  
humidity	  and	  dew-‐point	  temperatures	  are	  found	  in	  Appendix	  -‐	  Technical	  Note	  on	  Sheltered	  
Garden	  Microclimate.	  	  
	  	  
Both	  Copenhagen	  and	  Paris	  are	  usually	  below	  the	  dew	  point	  ranges,	  which	  feel	  humid	  and	  
uncomfortable.	   For	   the	   same	   reason,	   energy-‐expensive	   dehumidification	   is	   not	   allowed	   in	  
the	   Danish	   Building	   Regulations	   except	   for	   special	   applications.	   The	   only	   typical	  
consideration,	  in	  relation	  to	  outdoor	  humidity,	  is	  when	  designing	  mechanical	  heat	  recovery	  
ventilation,	  since	  winter	  supply	  air	  can	  be	  quite	  dry	  with	  relative	  humidities	  down	  to	  15	  %.	  
However,	  this	  short-‐termed	  discomfort	  typically	  does	  not	  justify	  investing	  in	  the	  equipment	  
needed	  to	  avoid	  it.	  
	  	  
Team	  Energy	  Strategy	  
Danish	  district	  heating	  grid	  is	  largely	  co-‐generation	  (CHP),	  and	  waste	  is	  very	  common	  as	  fuel	  
in	  the	  Copenhagen	  plants.	  It	  is	  given	  that	  new	  urban	  neighborhood	  in	  Nordhavn	  will	  have	  a	  
very	  suitable	  and	  sustainable	  district	  heating	  grid	  and	  because	  of	  usual	  obligation	  to	  connect	  
to	  this,	  solar	  heating	  is	  a	  bad	  investment.	  	  
	  
For	  EMBRACE	  to	  perform	  in	  different	  settings,	  different	  heating	  supply	  solutions	  is	  provided.	  
As	  Nordhavn	  has	  state-‐of-‐the-‐art	  district	  heating	  available	  from	  efficient	  heat	  plants,	  direct	  
connection	   to	   this	   is	   preferable	   and	   can	   keep	   cost	   down.	  When	   no	   connection	   to	   district	  
heating	   is	   available,	   EMBRACE	  offers	  an	  alternative	   solution:	  To	  utilize	   the	  hot	  exhaust	  air	  
from	   existing	   structure	   through	   an	   air-‐to-‐water	   heat	   pump,	  which	   is	   part	   of	   the	   electrical	  
energy	  balance	  of	  solar	  energy	  production.	  The	  benefits	  of	  this	  alternative	  solution	  is,	  apart	  
from	  the	   flexibility,	   less	  heat	   loss	  due	  to	  short	  distances	   from	  generation	  to	  use	  as	  well	  as	  
great	  smart	  grid	  potentials.	  
	  
The	  air-‐to-‐water	  type	  heat	  pump	  supplies	  heat	  for	  both	  heating	  and	  domestic	  hot	  water.	  In	  
this	  case,	  outdoor	  air	  is	  not	  used	  as	  source,	  but	  instead	  the	  solution	  utilises	  the	  lost	  heat	  in	  
the	   exhaust	   air	   from	   apartments	   below.	   This	   solution	   has	   been	   on	   the	   market	   for	   many	  
years	  and	  is	  know	  as	  an	  exhaust	  heat	  pump.	  Although	  the	  solution	  has	  existed	  for	  a	  while,	  
recent	   development	   has	   made	   these	   units	   more	   efficient	   and	   attractive	   as	   part	   of	   low	  
energy	  housing	  solutions.	  	  
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Traditional district heating supply Innovative heating supply: Exhaust air from host 
building is utilized in an air-to-water heat pump 

 
For	  broader	  potential	  application,	  the	  EMBRACE	  project	  feature	  the	  solutions	  of	  the	  exhaust	  
heat	  pump	  for	  heating	  supply	  although	  the	  certain	  Nordhavn	  case	  may	  require	  by	  law	  that	  
the	  district	  heating	  is	  used.	  It	  is	  considered	  easy	  technically	  to	  change	  the	  EMBRACE	  project	  
to	  be	  supplied	  by	  district	  heating	  if	  necessary.	  	  
	  	  
To	  meet	  market	  demands	  in	  Denmark	  the	  housing	  unit	  should	  be	  able	  to	  perform	  well	  even	  
without	   solar	   energy.	   “EMBRACE”	   will	   therefore	   comply	   with	   Building	   Class	   2015	   in	   the	  
Danish	  Building	  Regulations	  when	  using	  the	  exhaust	  heat	  pump	  only	  and	  not	  considering	  PV	  
production.	   This	   yields	   primary	   energy	   factors	   of	   1	   for	   heating	   and	   2,5	   for	   electricity	   and	  
with	   this	   an	   energy	   frame	   limited	   to	   41,4	   kWh/m2	   year.	   Demands	   include	   space	  
conditioning,	  DHW	  and	  electricity	   for	  building	  operation.	   The	   latter	  means	   that	  plug	   loads	  
are	  not	  considered.	  	  
	  
Cost-‐benefit	   analysis	   largely	   applies	   to	   the	   house	   in	   Nordhavn,	   which	   makes	   e.g.	   solar	  
heating	  production	   less	  desirable	   than	  an	  exhaust	  heat	  pump	  alone	   in	  combination	  with	  a	  
large	   PV	   system.	   A	   strong	   passive	   residential	   house	   design	   should	   also	   yield	   no	   cooling	  
demands	  in	  the	  danish	  climate.	  For	  those	  reasons,	  the	  energy	  strategy	  in	  Copenhagen	  is	  less	  
complicated	  than	  what	  is	  needed	  for	  the	  prototype	  Versailles.	  	  
	  
Time	  has	  been	   invested	   to	  design	  a	   sustainable	  heating	  and	  cooling	  system	  for	   the	  house,	  
which	  are	  to	  be	  built.	  This	   is	  elaborated	   in	  section	   III.	  For	  details,	  see	  Appendix	  -‐	  Technical	  
Note	  on	  Heating	  and	  Cooling	  Production.	  	  
	  
There	  are	  distinctive	  differences	  on	  many	  levels	  in	  the	  urban	  case	  and	  prototype	  EMBRACE	  
house.	  Some	  demands	  are	  changing	  because	  of	  climate	  difference,	  house	  typologies,	  normal	  
residential	  occupation	  vs.	  visiting	  guests	  and	  hot	  water	  appliances.	  The	  available	  sources	  of	  
Nordhavn	   in	  Denmark	   is	   also	   different	   to	   the	   completely	   new	   site	   in	   Versailles,	   especially	  
when	  it	  comes	  to	  technical	  infrastructure.	  These	  conditions	  means	  that	  systems	  utilizing	  the	  
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sources	   in	   the	  most	   comfortable,	   efficient	   and	   economical	  way	   to	  meet	   the	   demands	   are	  
different.	  Some	  systems	  are	  also	  only	  reasonable	  because	  of	  specific	  competition	  rules.	  
	  

 
Sources, systems and demands in Nordhavn 

 

 
Sources, systems and demands in Nordhavn 



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Energy	  Efficiency	   186	  

	  

Influence of the energy analysis in the project design (Project design 
optimization)  

To	  increase	  and	  optimize	  the	  energy	  efficiency	  of	  a	  project	  like	  EMBRACE	  it	  is	  important	  to	  
have	  an	  integrated	  design	  process,	  where	  design	  choices	  are	  evaluated	  in	  both	  a	  qualitative	  
and	  quantitative	  manner.	  It	  important	  that	  energy	  evaluations	  and	  simulations	  are	  not	  only	  
made	  to	  gain	  numerical	  results	  but	  also	  to	  understand	  how	  designs	  and	  systems	  behave	  and	  
perform	  by	  changing	  the	  parameters.	  When	  this	  knowledge	  is	  gained	  smart	  choices	  can	  be	  
made	  in	  a	  co-‐creation	  process	  with	  architects	  and	  HVAC	  designers.	  
  
Qualitative	  influence	  of	  energy	  efficient	  co-‐creation	  
Regarding	   the	   housing	   geometry	   it	   is	   usually	   an	   important	   fact	   that	   low-‐energy	   houses	  
should	   not	   be	   designed	   to	   obtain	   solar	   heating	   gains,	   since	   these	   will	   mostly	   lead	   to	  
overheating.	   It	   is	   also	   a	   fact	   that	   reducing	   the	   surface	   to	   floor	   area	   ratio	   will	   not	  matter	  
much	   since	  walls	   are	  well-‐insulated.	   This	   is	   due	   to	   the	   fact	   that	   constant	   heat	   loads	   from	  
appliances	  and	  home	  electronics	  contribute	  to	  heating	  the	  house.	  	  

 
Applying efficient lighting design (reduction in kWh/year) 

 
Design	   simulations	   starts	   by	   having	   the	   artificial	   lighting	   design	   kept	   very	   low	   by	   high	  
daylight	  factors	  and	  using	  efficient	  LED	  lamps.	  A	  total	  of	  179	  kWh/year	  is	  found	  in	  EMBRACE	  
compared	   to	   around	   a	   average	   consumption	   of	   450	   kWh/year	   in	   a	   1-‐2	   person	   family.	   By	  
applying	  the	   loads	  of	   the	  efficient	  appliances	  and	  equipment	  chosen	  for	  EMBRACE,	  a	   large	  
heat	  gain	  is	  removed	  and	  a	  new	  almost	  equal	  amount	  for	  space	  heating	  is	  needed	  instead.	  
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Early stage iteration of annual energy use when changing from standard values to efficient appliance 

values. Annual primary energy use (PEU) is shown on the right and the effect of applying a heat pump 
supply the heating is also seen. 

 
Around	  300	  kWh/year	  is	  saved,	  since	  this	  was	  heating	  up	  in	  times	  with	  no	  need	  of	  heating.	  In	  
warmer	  climate	  this	  would	  even	   lead	  to	  overheating	  and	  cooling	  energy	  demands.	  Shifting	  
the	   energy	   use	   to	   real	   space	   heating	   instead	   of	   electrical	   gains	   has	   many	   obvious	  
advantages,	   one	  of	   them	  shown	  by	  applying	   the	  Danish	  primary	  energy	   factor	   for	  heating	  
and	  electricity.	  Applying	  a	  heat	  pump	  like	  in	  the	  EMBRACE	  design	  can	  further	  reduce	  primary	  
energy	  consumption	  in	  areas	  without	  district	  heating.	  
	  
In	   EMBRACE	   the	   electrical	   consumption	   of	   the	   equipment	   have	   been	   lowered	   enough	   to	  
shift	   the	   energy	   balance	   toward	   allowing	   e.g.	   more	   solar	   gains	   in	   winter.	   In	   the	   housing	  
geometry	   design,	   the	  main	   possible	   energy	   saving	   is	   by	   reducing	   use	   of	   artificial	   light	   by	  
designing	  for	  high	  daylight	   factors.	   It	  should	  also	  be	  considered	  that	  solar	  shading	   is	  rarely	  
nice	  to	  have	  activated	  at	  all	  times.	  Details	  are	  found	  in	  Appendix	  -‐	  Technical	  Note	  on	  Lighting	  
and	  Daylight.	  
	  
EMBRACE	   has	   been	   designed	   with	   a	   slim,	   yet	   compact	   geometry	   allowing	   light	   from	  
windows	  and	  doors	   to	   reach	   the	  whole	   room.	  Doors	   and	  windows	  provide	  both	   view	  and	  
entrance	  and	  to	  reduce	  heat	  loss	  these	  glazing	  areas	  should	  be	  as	  small	  as	  possible	  to	  meet	  
only	  exactly	  this	  function.	  	  
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Quantitative	  influence	  of	  energy	  analysis	  on	  design	  
The	  thermal	  properties	  of	  the	  building	  envelope	  are	  also	  an	  obvious	  function	  of	  the	  energy	  
analysis.	   A	   maximum	   U-‐value	   of	   0,1	  W/m2K	   was	   quickly	   established	   as	   a	   design	   goal	   for	  
walls,	   roofs	   and	   floors	   to	   allow	   freedom	   in	   construction	   choice.	   If	   space	   allows,	   further	  
reduction	  of	  energy	  consumption	  can	  be	  gained	  by	  further	  insulation	  of	  constructions.	  Final	  
U-‐values	  were	  calculated	  to	  be	  0,086	  W/m2K,	  0,084	  W/m2K	  and	  0,10	  W/m2K	  for	  walls,	  roof	  
and	  floor	  respectively.	  	  
	  	  
The	  window	  area	  in	  EMBRACE	  is	  a	  direct	  effect	  of	  energy	  simulation	  and	  calculation	  results.	  
The	  window	  area	  was	  identified	  as	  a	  source	  of	  especially	  heat	  loss	  and	  since	  a	  lot	  of	  the	  solar	  
energy	  gain	   is	   lost	   in	   the	   shading	  of	   the	  weather	   shield,	   very	   little	  positive	  effect	   is	   found	  
from	  having	   large	  windows	   on	   the	   energy	   balance.	   Designs	  were	   changed	   and	   areas	   very	  
reduced	  to	  fit	  both	  architectural	  concept	  and	  energy	  impact.	  Especially	  the	  southern	  window	  
was	  altered	  from	  full-‐size	  to	  functional	  size	  with	  a	  high	  sill	  level	  and	  an	  overhang	  so	  daylight	  
can	  get	  in	  but	  only	  solar	  gains	  in	  winter.	  The	  glazing-‐to-‐floor	  area	  ratio	  is	  now	  26,4	  %.	  
	  	  
Solar	  shading	  and	  natural	  ventilation	  are	  measures	  known	  to	  eradicate	  the	  need	  for	  cooling	  
systems	  in	  a	  Danish	  climate	  if	  the	  house	  geometry	  and	  those	  systems	  are	  properly	  designed.	  
The	  Danish	  Building	  Regulations	   require	   low-‐energy	  dwellings	   to	  be	  designed	   for	  no	  more	  
than	   100	   hours	   above	   26	   °C	   and	   25	   hours	   above	   27	   °C.	   The	   dynamic	   thermal	   simulations	  
show	  that	  this	  can	  be	  achieved	  with	  no	  mechanical	  cooling	  with	  the	  use	  of	  solar	  shading	  and	  
natural	  ventilation.	  Assumptions	  for	  these	  systems	  are	  found	  in	  Technical	  Note	  on	  Windows	  
and	  Shading	  and	  Technical	  Note	  on	  Natural	  Ventilation.	  	  	  	  	  	   	  
	  
The	  design	  of	  the	  weather	  shield	  largely	  depends	  upon	  the	  energy	  analysis,	  since	  EMBRACE	  
is	  attempting	  to	  create	  a	  better	  sheltered	  environment	  than	  outside.	  Design	  of	  the	  weather	  
shield	  has	  been	  altered	   to	  more	  closed	  and	   insulating	  wall	   constructions,	  which	  will	   retain	  
more	  of	  the	  heat	  gained	  from	  irradiation.	  From	  simulations	  it	  was	  shown	  that	  a	  solar	  control	  
film	  was	  needed	  on	  sloped	  glass	  panels	  with	  integrated	  PV,	  since	  this	  largely	  contributed	  to	  
overheating.	  Vertical	   glass	  panels	   in	   the	  weather	   shield	   towards	   south	   could	  on	   the	  other	  
hand	   be	   kept	   with	   a	   fairly	   high	   transparency	   to	   allow	   the	   winter	   sun	   to	   heat	   up	   the	  
microclimate,	  if	  it	  could	  be	  dynamically	  shaded	  in	  summer.	  For	  further	  details,	  see	  	  Appendix	  
-‐	  Technical	  Note	  on	  Sheltered	  Garden	  Microclimate.	  
	  	  

Influence of the energy analysis in the HVAC systems 
  

Qualitative	  influence	  of	  energy	  efficiency	  co-‐creation	  
Ventilation	   flows	   in	   residential	   building	   is	   from	  non-‐polluted	   room	   to	   polluted	   rooms,	   but	  
since	  the	  bedroom	  is	  the	  top	  room	  it	  might	  be	  hard	  to	  secure	  the	  air	  flow	  out	  of	  that	  space.	  
For	   this	   reason	   both	   an	   inlet	   and	   outlet	   for	   ventilation	   have	   been	   placed	   in	   this	   room	   to	  
facilitate	  the	  small	  air	  flow	  needed	  through	  only	  this	  room.	  
	  
It	  has	  been	  evaluated	  that	  solar	  collectors	  are	  much	  more	  relevant	  for	  the	  prototype	  house	  
constructed	  specifically	  for	  the	  competition	   in	  Versailles	  than	  for	  the	  urban	  case	  EMBRACE	  
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project	   in	   Nordhavn.	   A	   major	   reason	   is	   that	   the	   site	   in	   Versailles	   does	   not	   provide	   the	  
possibility	  of	  an	  efficient	  community	  heat	  source	  with	  shared	  expenses,	  like	  the	  exhaust	  air	  
for	   the	  heat	  pump	  or	   like	  district	  heating.	  For	  a	  detached	  housing	  project	  with	  no	  obvious	  
cheap	  heat	  source	  on	  site,	  solar	  thermal	  heating	  is	  very	  sensible.	  In	  addition	  to	  this,	  the	  solar	  
irradiation	  and	  therefore	  production	  of	  hot	  water	  is	  higher	  in	  Paris	  than	  in	  Copenhagen.	  
	  
The	  competition	  is	  made	  so	  that	  during	  the	  passive	  evaluation	  period	  (7-‐8	  of	  July),	   it	   is	  not	  
allowed	  to	  run	  any	  refrigerant	  cycle	  like	  a	  heat	  pump.	  However,	  Team	  DTU	  will	  still	  need	  hot	  
water	  to	  be	  supplied	  to	  our	  appliances	  (washing	  machine,	  dishwasher),	  which	  are	  using	  hot	  
water	   to	   reduce	   electricity	   consumption.	   It	   is	   not	   possible	   to	   store	   the	   amount	   of	   water	  
necessary	  for	  two	  consecutive	  days	  and	  by	  having	  thermal	  collectors	  in	  the	  prototype	  house,	  
Team	  DTU	  	  accommodated	  the	  systems	  to	  fit	  with	  the	  competition	  rules.	  For	  details	  and	  hot	  
water	  consumption,	  see	  Appendix	  -‐	  Technical	  Note	  on	  Grey	  Water	  Heat	  Recovery.	  
	  
In	   the	  Copenhagen	  scenario	   the	  area	  of	  PV	  can	  be	  bigger	   than	  5	  kWp,	   thus	   increasing	   the	  
electricity	  produced	  and	  consequently	  the	  availability	  of	  "free"	  electricity	  to	  be	  used	  by	  the	  
heat	   pump.	   This	  makes	   the	   investment	   in	   solar	   collectors	   less	   attractive	   and	   they	   can	   be	  
removed	   having	   a	   simpler	   system	   in	   terms	   of	   control	   and	   of	   maintenance	   in	   the	   Danish	  
scenario.	  For	   further	  details	  on	  the	  solar	   thermal	  design	  see	  Appendix	   -‐	  Technical	  Note	  on	  
Solar	  Collectors.	  
   
Quantitative	  influence	  of	  energy	  analysis	  on	  design	  
The	   loads	  used	   for	   sizing	  all	  HVAC	  equipment	  are	  direct	  effects	  of	   the	  energy	   simulations.	  
Especially	  the	  size	  of	  the	  heat	  pump	  is	  determined	  by	  the	  loads.	  Since	  mechanical	  ventilation	  
is	  only	  used	  to	  remove	  pollutants,	  the	  heating	  and	  cooling	  loads	  from	  the	  simulations	  does	  
not	   affect	   the	   capacity	   of	   the	   air	   handling	   unit.	   The	   area	   of	   solar	   thermal	   panels	   are	   also	  
determined	  directly	  on	   the	  heating	  and	   cooling	   loads	   about	   from	  also	   facilitation	   some	  of	  
the	  energy	  for	  heating	  domestic	  hot	  water.	  
	  
The	   dynamic	   building	   simulations	   showed	   that	   in	   order	   to	   keep	   the	   high	   air	   quality	   level	  
required	   for	   the	   desired	   indoor	   climate	   class,	   quite	   high	   ventilation	   rates	   are	   required	  
compared	  to	  normal	  residential	  ventilation.	  This	   is	  especially	  due	  to	  the	  house	  being	  small	  
and	  with	   a	   low	   ceiling	   height,	  while	   still	   also	   the	   typical	   residential	   pollution	   sources.	   The	  
high	  ventilation	  rates	  accounted	  for	  a	  very	  large	  part	  of	  the	  heat	  loss	  and	  building	  operation	  
electrical	   cost	   although	   a	   very	   efficient	   air	   handling	   unit	   was	   chosen.	   It	   was	   therefore	  
decided	  to	  implement	  demand	  control	  ventilation	  with	  different	  fan	  speeds	  to	  save	  energy	  
in	   especially	   daytime	  where	  no	  people	  may	  be	  present.	  At	   the	   same	   time,	   the	   ventilation	  
system	  can	  be	  made	  to	  accommodate	  a	  satisfactory	   indoor	  climate	  of	  e.g.	  4	  people	  having	  
dinner	   together	   in	   the	   house	   or	   large	  moisture	   load	   like	  while	   cooking	   or	   showering.	   See	  
Appendix	  -‐	  Technical	  Note	  on	  Mechanical	  Ventilation	  for	  Details.	  
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Demand controlled modes for mechanical ventilation 

 
The	  natural	  ventilation	  will	  largely	  reduce	  cooling	  needs	  in	  temperate	  climate	  like	  Denmark	  
and	   France.	   While	   a	   cooling	   system	   was	   found	   unnecessary	   in	   Copenhagen,	   it	   was	  
investigated	  for	  the	  climate	  in	  Paris	  how	  much	  the	  net	  cooling	  demands	  could	  be	  reduced.	  
For	   the	   whole	   year	   the	   cooling	   demand	   was	   reduced	   56%,	   while	   it	   specifically	   for	   the	  
competition	  month	   (July)	  was	   45%.	   For	   details,	   see	  Appendix	   -‐	   Technical	  Note	   on	  Natural	  
Ventilation.	  	  	  
	  
The	  effect	  of	   the	  moisture	  demand-‐controlled	  ventilation	   is	   taken	   into	  account	   in	  dynamic	  
simulations	   of	   heating	   and	   cooling	   demand.	   The	   electrical	   consumption	   and	   savings	  
compared	  to	  a	  standard	  control	  solution	  have	  been	  calculated,	  but	  may	  still	  be	  changed	  with	  
further	   investigation	   of	   the	   hybrid	   control	   parameters.	   For	   further	   details,	   see	  Appendix	   -‐	  
Technical	   Note	   on	  Mechanical	   Ventilation.	   The	   projected	   electrical	   energy	   consumption	   is	  
seen	  in	  section	  05.4.2.2	  and	  05.4.2.3.	  The	  savings	  compared	  to	  constant	  operation	  is	  65	  %.	  
	  
Energy	   efficient	   pumps	   have	   been	   chosen	   and	   the	   number	   of	   pumps	   reduced	   in	   order	   to	  
save	  energy	  and	  cost.	  An	  example	  is	  the	  Grundfos	  Sololift2	  for	  grey	  water,	  where	  the	  lifting	  
station	   is	   placed	   to	   maximise	   possible	   gravity	   flow	   and	   using	   the	   pumps	   in	   the	   washing	  
machine.	   In	   this	  way,	  only	  one	  Sololift2	  pump	  was	  needed,	  which	  has	   to	  do	   less	  pumping	  
work.	  This	  is	  important,	  since	  the	  Sololift2	  pumps	  are	  quite	  big	  and	  consume	  280	  W	  when	  in	  
operation.	  	  	  	  	  	  
 

05.4.2.2 SECTION II - PROJECTED PERFORMANCE OF FINAL HOUSING UNIT 
DESIGN 

Housing unit and Systems’ Description 
 
Overall	  description	  
The	   EMBRACE	   rooftop	   rowhouse	   project,	   which	   is	   considered	   to	   be	   applied	   on	   top	   of	   a	  
multi-‐storey	  building	   in	  Nordhavn,	   takes	  advantage	  of	   the	  normal	  urban	  compactness.	  The	  
placement	  will	  ensure	  adiabatic	  conditions	  for	  a	  single	  housing	  unit	  downwards	  to	  the	  host	  
building	  and	  to	  the	  neighbouring	  dwellings.	  This	  will	  largely	  reduce	  transmission	  losses,	  but	  
gives	  a	  challenge	  since	  natural	  light	  and	  view	  cannot	  come	  from	  all	  sides.	  
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The	   dwelling	   itself	   (the	   Thermal	   Envelope)	   is	   designed	   as	   a	   small,	   compact	   and	   highly	  
insulated	  unit	  with	  all	  living	  necessities.	  This	  space	  aims	  to	  be	  very	  comfortable	  in	  all	  indoor	  
climate	  aspects,	  which	  as	  always	  comes	  at	  a	  higher	  energy	  expense.	  By	  having	  this	  always-‐in-‐
use	  conditioned	  space	  as	  small	  as	  possible	  and	  having	  the	  less-‐in-‐use	  spaces	  unconditioned,	  
the	  energy	  for	  providing	  a	  high	  quality	  indoor	  climate	  is	  utilized	  in	  the	  best	  way.	  
	  
The	   building	   envelope	   is	   designed	   to	   be	   efficient	   enough	   to	   meet	   upcoming	   Danish	  
requirements,	  which	  are	  amongst	  the	  most	  demanding	  in	  Europe.	  This	  applies	  to	  insulation	  
levels	   and	   the	   air-‐tightness	   of	   the	   building	   elements	   as	   well	   as	   solar	   gain	   and	   heat	   loss	  
through	  glazed	  components.	  The	  infiltration	  losses	  will	  be	  reduced	  not	  only	  by	  built	  very	  air-‐
tight,	  but	  also	  by	  lowering	  wind-‐induced	  pressure	  with	  the	  weather	  shield.	  	  
	  
The	  heating	  and	  cooling	  are	  supplied	  by	  a	  radiant	  floor	  system	  in	  all	  conditioned	  rooms.	  The	  
system	   is	   a	   dry-‐system,	   which	   allows	   for	   fast	   reaction	   to	   changing	   conditions	   and	   for	  
temperature	  setbacks	  if	  desired.	  Ventilation	  is	  supplied	  in	  living	  rooms	  and	  exhausted	  from	  
kitchen	  and	  bathroom	  primarily.	  	  
 
Passive	  design	  strategies	  and	  Energy	  efficiency	  measures	  (EEM)	  	  
EMBRACE	   is	   taking	   advantage	   of	   an	   large	   unheated	   space	   as	   a	   buffer	   zone	   to	   both	   keep	  
down	  heat	   loss	   and	   to	   create	  usable	   spaces	   that	  does	  not	   require	  active	   conditioning	  and	  
thereby	  energy.	  The	  Sheltered	  Garden	  is	  created	  as	  such	  a	  space.	  However,	  these	  spaces	  are	  
only	   known	   to	   lower	   the	   energy	   consumption	   as	   long	   as	   occupant	   behavior	   are	   adjusted	  
thereafter	  and	  energy	   is	  not	  wasted	   in	  trying	  to	  heat	  these	  spaces.	  Therefore,	  some	  active	  
measures,	  like	  small	  gentle	  door	  alarms,	  might	  be	  needed	  for	  the	  passive	  strategy	  to	  work.	  
	  

 
The Sheltered Garden is an unheated functional space in the EMBRACE project.  

Shown planting design is not up to date. 
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The	   Sheltered	   Garden	   includes	   carefully	   chosen	   plants,	   herbs	   and	   vegetables,	   which	   is	  
explained	  in	  the	  Architecture	  Design	  Narrative,	  section	  05.2.5.4	  -‐	  Plants	  and	  Urban	  Farming.	  
The	  watering	  of	  the	  plants	  are	  done	  by	  mainly	  reclaimed	  grey	  water.	  The	  Sheltered	  Garden	  
also	   includes	  hydroponic	  agriculture	  utilizing	  rainwater	  for	  urban	  farming.	  More	  details	  are	  
found	  in	  Appendix	  -‐	  Technical	  Note	  on	  Grey	  and	  Rain	  Water.	  
	  	  	  	  
The	   insulation	  products	  of	   Isover	  has	  one	  of	   the	   lowest	   commercially	   competitive	   thermal	  
conductivities	  and	  this	  allow	  for	  a	  very	  well-‐insulated	  envelope,	  which	  still	   fit	   inside	  a	  tight	  
building	  lot	  like	  in	  the	  Solar	  Decathlon	  competition.	  	  	  	  
	  
The	  house	  is	  designed	  with	  large,	  but	  few	  glazed	  openings,	  which	  will	  let	  in	  large	  amounts	  of	  
daylight	  while	  minimizing	  the	  thermal	  bridges	  around	  the	  windows,	  compared	  to	  many,	  but	  
smaller	   windows.	   The	   windows	   from	   idealcombi	   is	   designed	   especially	   for	   new	   buildings	  
taking	   into	   account	   whole	   year	   energy	   balance	   of	   both	   heat	   gains	   and	   losses	   in	   a	   well-‐
insulated	  house.	  	  
	  
The	  skylight	  will	   let	   in	  both	   light	  and	  energy,	  but	   is	  automatically	  shaded	  fully	   if	  any	  of	  the	  
two	  are	   in	   excess.	   The	  high	  daylight	   levels	   in	   all	   daily	  hours	  of	   the	   year	   should	  encourage	  
residents	   to	   turn	   off	   the	   light	   in	   order	   to	   save	   electricity.	   The	   artificial	   lighting	   design	   of	  
EMBRACE	   is	   from	   an	   aesthetical	   point	   of	   view,	   but	   features	   a	   very	   low	   nominal	   installed	  
consumption.	  Combined	  with	  high	  daylight	  levels,	  the	  electrical	  consumption	  from	  artificial	  
light	  is	  sharply	  reduced	  compared	  to	  standard	  new	  residential	  buildings.	  	  	  	  	  
	  
EMBRACE	   features	   effective	   solar	   shading	   and	   natural	   cross-‐flow	   ventilation,	   which	   can	  
completely	   eliminate	   cooling	   loads	   in	   the	   design	   climate	   if	   applied	  with	   the	   right	   control.	  
Motorized	  window	  openings	   and	   levels	   have	   been	   analysed	   to	   feature	   a	   simply	   step-‐wise	  
temperature	   control,	   which	   is	   applied	   to	   the	   house	   management	   system	   as	   part	   of	   the	  
hybrid	   ventilation	   system.	   The	   solar	   shading	   is	   also	   coupled	   to	   the	   management	   system,	  
which	   will	   reduce	   possible	   overheating	   during	   the	   day	   where	   people	   are	   not	   at	   home	   to	  
operate	  it.	  The	  system	  is	  easily	  overwritten	  via	  the	  user	  control	  system.	  	  
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Cross ventilation flow through window openings in south and north 

 
A	  floor	  heating	  system	  always	  utilizes	  the	  low	  temperatures	  produced	  by	  a	  heat	  pump	  better	  
than	   e.g.	   radiators.	   To	   further	   make	   use	   of	   this	   strategy,	   the	   finishing	   floor	   covering	   is	  
chosen	  through	  architectural	  and	  functional	  requirements	  to	  be	  very	  little	  insulating.	  In	  this	  
way	   EMBRACE	   challenges	   traditional	   aesthetics	   in	   order	   to	   optimize	   our	   energy	   solutions.	  
Most	  of	  the	  passive	  means	  to	  reduce	  energy	  consumption	  in	  EMBRACE	  are	  not	  new,	  but	  are	  
achieved	  through	  integrated	  designs	  and	  continuously	  updated	  simulations.	  
	  
The	  house	  management	  system	  should	  make	  it	  as	  easy	  and	  convenient	  to	  gain	  insight	  in	  the	  
functioning	  of	   the	  house	   and	   to	   control	   various	   aspects	   of	   the	  house,	   such	   as	   ventilation,	  
heating,	  cooling,	  alarms,	  and	  lighting.	  The	  logical	  components	  of	  such	  a	  house	  management	  
system,	  i.e.	  software	  components,	  have	  to	  reside	  in	  some	  physical	  computer	  infrastructure.	  
This	  could	  of	  course	  be	  placed	  in	  each	  individual	  house,	  but	  since	  EMBRACE	  will	  most	  often	  
reside	   in	  a	  small	  community	  of	  EMBRACE	  houses,	   this	  solution	  would	  be	  extremely	  energy	  
consuming.	   Instead,	   sharing	   a	   common	   pool	   of	   computing	   resources	   will	   save	   a	   lot	   of	  
energy.	  See	  Appendix	  -‐	  Technical	  Note	  on	  House	  Management	  for	  details.	  
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User Interface dashboard and controls The system architecture of the house 
 

House, Appliances and HVAC Simulations (Annual simulation) 
 
Brief	  simulation	  descriptions	  and	  tools	  used	  	  
Dynamic	   energy	   simulations	   have	   been	   done	   with	   Virtual	   Environment	   from	   Integrated	  
Environmental	  Solutions	  (IES-‐VE)	  and	  is	  used	  primarily	  for	  heating	  and	  cooling	  simulations.	  
	  
This	   software	   is	   a	   Dynamic	   Building	   Simulation	   tool	   according	   to	   ISO	   13790	   (validated	  
through	  ISO	  13791)	  and	  the	  version	  is	  2013.2.0.0.	  Simulations	  have	  been	  done	  to	  determine	  
heating	   and	   cooling	   loads	   for	   HVAC	   equipment	   sizing	   and	   yearly	   heating	   and	   cooling	   net	  
demand.	   Simulation	   has	   been	   done	  with	   fixed	   setpoints	   and	   infinite	   heating	   and	   cooling,	  
which	   in	  order	  to	  determine	  design	   loads.	  Hours	  of	  overheating	  have	  been	  calculated	  with	  
no	  cooling	  as	  in	  the	  passive	  evaluation	  requirements.	  A	  maximum	  of	  100	  house	  above	  26	  °C	  
and	  25	  hours	  above	  27	   °C	   is	   requirement	   through	   the	  Danish	  Building	  Regulation	  and	  also	  
suggested	  in	  EN	  15251.	  	  
	  
The	   IES-‐VE	   simulation	   takes	   into	   account	   the	   defined	   user	   occupancy,	   appliance	   use	   and	  
lighting	   profiles.	   The	   actual	   thermal	   loads	   from	   these	   3	   internal	   gains	   are	   adjusted	   to	   the	  
current	   project.	   The	   IES-‐VE	   results	   can	   therefore	   also	   be	   used	   to	   estimate	   the	   electricity	  
lighting	  consumption	  based	  on	   the	   typical	  profile.	  These	  profiles	  are	   specified	   through	   the	  
SID	  chart.	  
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Calculation methodology for energy consumption, as specified in TEE Information Guide V4 
 

The	   simulations	  also	   considers	   the	  opening	  profiles	  of	   the	  designed	  windows	  according	   to	  
the	   temperature	   control	   as	  well	   as	   the	   shading	   system	  control	   through	   irradiance	   control.	  
Both	  these	  controls	  are	  specified	  in	  Appendix	  -‐	  Technical	  Note	  on	  Windows	  and	  Shading	  and	  
Appendix	  -‐	  Technical	  Note	  on	  Natural	  Ventilation.	  
	  
The	  energy	  demand	  calculation	  in	  the	  Be10	  software	  from	  Danish	  Building	  Research	  Institute	  
(SBi).	   It	   is	   deemed	   as	   a	   National	   Calculation	   Method	   (NCM)	   of	   EPBD.	   It	   is	   a	   monthly	  
calculation	  according	  to	  ISO	  13790.	  The	  calculation	  is	  important	  to	  ensure	  market	  viability	  in	  
Denmark.	   From	  deliverable	   #5	   an	   onwards,	   Be10	   is	   no	   longer	   used	   for	   energy	   calculation	  
purposes,	  since	  it	  has	  all	  been	  replaced	  by	  better	  calculation	  method.	  The	  final	  delivery	  will	  
feature	   the	   As-‐Built	   energy	   label	   certificate	   calculated	   through	   Be10	   as	   all	   new	   danish	  
buildings	  needs.	  
	  
EMBRACE	  also	  uses	  normal	  domestic	  hot	  water,	  but	  also	  hot	  water	  for	  washing	  clothes	  and	  
dishes	   and	  have	   implemented	   grey	  water	   heat	   recovery	   for	   shower	   and	  washing	  machine	  
cycles.	  For	  these	  reason	  DHW	  is	  calculated	  by	  hand,	  see	  Technical	  Note	  on	  Grey	  Water	  Heat	  
Recovery	  for	  details.	  The	  estimated	  SCOP	  of	  the	  exhaust	  heat	  pump	  will	  also	  be	  applied	  to	  
the	  heating	  and	  DHW	  consumption	  by	  hand	  while	  auxiliary	  energy	  consumption	  to	  the	  HVAC	  
system	  (pumps	  and	  ventilation	  fans)	  are	  also	  calculated	  by	  hand.	  For	  details,	  see	  Appendix	  -‐	  
Technical	  Notes	  on	  Exhaust	  Heat	  Pump	  and	  Technical	  Note	  on	  Mechanical	  Ventilation.	  
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Overview of simulation and calculation 
Calculation	  method	   Software	  name	   Consumption	  subject	  

Dynamic	  Building	  Simulation	   IES-‐VE	   Heating	   and	   cooling	   loads	  
Heating	   and	   cooling	   demands	  
Lighting	  consumption	  

Compliance	  calculation	   Be10	   Final	  energy	  label	  certificate	  

System	  performance	   Polysun	   Solar	  Heating	  production	  

Hand	  calculation	   -‐	   DHW	  consumption	  
Heat	  pump	  SCOP	  and	  electrical	  consumption	  
Ventilation	  electrical	  consumption	  
Pumping	  electrical	  consumption	  

  
 
Housing unit modeling assumptions 
The	  modeling	  assumptions	  taken	  for	  the	  simulations	  are	  described	  below.	  
 

Internal gains 

Internal	  gains	   Nominal	  value	   Value	  reference	  

Occupants	   200	  W	  (sensible	  +	  latent	  heat)	   Appendix	  -‐	  Technical	  Note	  
on	  Occupancy	  Schedules	  
and	  Internal	  Gains	  

Equipment	  (oven,	  fridge,	  stove,	  dryer,	  
washing	  machine,	  dishwasher)	  
and	  home	  electronics	  

151	  W	  	   Nominal	  equipment	  
design	  

Lighting	   180	  W	   Nominal	  lighting	  design	  	  

 
Equipment	  and	  lighting	  internal	  gains	  are	  specified	  further	  in	  the	  next	  chapter.	  	  	  
Occupants	  scenarios	  are	  done	  through	  a	  percentage	  of	  the	  nominal	  value	  and	  these	  can	  be	  
seen	  through	  the	  figure	  below.	  All	  schedules	  (of	  equipment,	  lighting,	  occupancy	  etc.)	  can	  be	  
seen	  from	  the	  SID	  charts,	  please	  see	  Appendix	  -‐	  SIDv3	  CPH.	  
 

 
Occupancy schedule for residential building (ASHRAE average) 
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Setpoints in dynamic building simulations (IES-VE) 

Heating	  setpoint	   21.1	  °C	   Ventilation	  heat	  recovery	  bypass	  
setpoint	  	  

22	  °C	  

Cooling	  setpoint	  	   25.9	  °C	   Natural	  ventilation	  setpoint	  
(gradually	  opening)	  

23,5	  -‐	  25	  °C	  

Mechanical	  ventilation	  forced	  mode	  (in	  
winter)	  

RH	  >	  75	  %	   Mechanical	  ventilation	  away	  mode	  
(in	  winter)	  

Time	  
(manual)	  

Solar	  shading	  (louvres)	  setpoint	  for	  
interior	  temperature	  on	  skylight	  
windows	  (Only	  applied	  at	  summer	  time,	  
and	  with	  AstroClock	  for	  sunshine	  time)	  

24	  °C	   Solar	  shading	  (shutters)	  setpoint	  for	  
incident	  radiation	  on	  south	  window	  
(Only	  applied	  at	  summer	  time,	  and	  
with	  AstroClock	  for	  sunshine	  time)	  

24	  °C	  

 
Housing	  unit	  energy	  loads	  
The	   electrical	   consumptions	   and	   loads	   of	   the	   appliances	   and	   home	   electronics	   are	   listed	  
below.	   Besides	   the	   electrical	   consumption,	   the	   dishwasher	   and	   and	  washing	  machine	  will	  
also	   consume	   hot	   water.	   The	   electronic	   controlling	   and	   data	   equipment	   (router,	   IHC	   and	  
PLC)	   are	   part	   of	   the	   house	   management	   system,	   but	   electrical	   consumption	   is	   yet	   to	   be	  
determined.	  See	  Appendix	  -‐	  Technical	  Note	  on	  House	  Management	  for	  details.	  
 

	  	   kWh	  per	  
year	  

kWh	  per	  
cycle	  

N°	  of	  time	  
per	  week	  

N°of	  weeks	   Minutes	  
per	  cycle	  

kWp	   Average	  kW	  
in	  cycle	  

Dryer	  with	  HP	   141	   1,6	   2	   44	   110	   2,85	   0,9	  

Fridge-‐freezer	   130	   -‐	   -‐	   -‐	   -‐	   -‐	   0,2	  

Stove	   281	   0,9	   7	   44	   30	   7,4	   1,8	  

Oven	   86	   0,65	   3	   44	   60	   3,65	   0,7	  

Dishwasher	   132	   0,6	   5	   44	   35	   	  	   1,0	  

Clothes	  washer	   88	   1	   2	   44	   60	   	  	   1,0	  

Television/	  
Computer	  

53	   0,2	   6	   44	   320	   -‐	   0,05	  

Total annual electrical requirement for appliances and electronics = 911 kWh/year	  

    
Artificial	   lighting	  consumption	  was	   simulated	  as	  part	  of	   the	   input	   in	   the	   IES-‐VE	   simulation.	  
Artificial	  lighting	  is	  divided	  room	  by	  room	  to	  match	  the	  architectural	  design.	  
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Room	   Flex	  room	   Bathroom	   Living	  room	  
and	  kitchen	  

Bedroom	   Total	   Total/m2	  

Nominal	  
installed	  power	  	  

28	  W	   14	  W	   107	  W	   31,6	  W	   180,6	  W	   3,1	  W/m2	  

Annual	  
consumption	  

34,2	  kWh	   17,1	  kWh	   98,2	  kWh	   29,1	  kWh	   178,6	  kWh	   3,0	  kWh/m2	  

 

Results and Discussions 
 
Housing	  unit	  energy	  performance	  
The	  heating	  and	  cooling	  demands	  and	  peak	  load	  are	  found	  through	  IES-‐VE	  simulations.	  
	  

Energy net requirements and loads 

Annual	  design	  space	  heating	  load	   2,04	  kW	  	  

Annual	  	  design	  space	  cooling	  load	   0.0	  kW	  

Annual	  	  space	  heating	  demand	   1999	  kWh	  -‐	  33,9	  kWh/m2	  

Annual	  	  space	  cooling	  demand	   0.0	  kWh	  

 
As	   seen	   from	   the	   table	   there	   are	   no	   cooling	   loads	   in	   Copenhagen.	   From	   the	   predicted	  
temperatures	  it	  is	  later	  demonstrated	  that	  this	  will	  not	  cause	  overheating.	  Parts	  of	  the	  heat	  
losses	   are	   covered	   periodically	   by	   internal	   and	   solar	   gains.	   The	   low	   internal	   gains	   from	  
equipment	   significantly	   raises	   the	   heat	   demand,	   however	   the	   heat	   is	   supplied	  way	   better	  
through	  the	  heating	  system	  then	  the	  electrical	  consumption	  of	  appliances.	  The	  table	  below	  
show	  the	  breakdown	  of	  annual	  requirements	  due	  to	  heat	  losses	  in	  Copenhagen.	  

 
Breakdown of energy requirements for heat losses and internal gains at peak load day  

Hour with highest heating peak load 9. February 5:30am 
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Breakdown of energy requirement for heat gains and passive cooling provisions  
Hour with highest average internal temperature of 27.3°C on 8. July 17:30pm 

 
NB: Natural ventilation is not applied from 9:30 to 15:30 during peak day due to too high outdoor 
temperatures. 
 
The	  hot	  water	  consumption	  of	  EMBRACE	  is	  quite	  high	  since	  some	  appliances	  use	  hot	  water	  
instead	  of	  cold	  water	  which	  is	  electrically	  heated.	  This	  increases	  the	  hot	  water	  consumption,	  
but	   is	  more	   energy	   efficient	   in	   general.	   It	  was	   evaluated	   that	   grey	  water	   heat	   recovery	   is	  
mostly	   sensible	   for	   the	   simultaneous	   hot	   and	   cold	   water	   flows	   like	   in	   showers	   and	   for	  
washing	  clothes.	  
	  
It	   is	   estimated	   that	   one	   person	   uses	   15	  m3	   DHW	   at	   55	   °C	   per	   year.	   Since	   1,5	   person	   on	  
average	   is	   considered	   for	   the	   house,	   22,5	   m3	   is	   considered	   per	   year.	   This	   gives	   a	   yearly	  
heating	   consumption	   of	   1181	   kWh/year.	   From	   tapping	   programs	   it	   is	   estimated	   that	   508	  
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kWh/year	  is	  for	  showering.	  Similarly,	  it	  is	  calculated	  hot	  water	  consumption	  of	  the	  washing	  
machine	  can	  be	  reduced	  from	  152	  kWh/year	  to	  52	  kWh/year	  by	  grey	  water	  heat	  recovery.	  
For	  details,	  see	  Appendix	  -‐	  Technical	  Note	  on	  Grey	  Water	  Heat	  Recovery.	  	  
	  

DHW and appliance hot water consumption with grey water heat recovery 

Hot	  water	  	   Showers	  	   DHW	  	  
(ex.	  showers)	  

Washing	  machine	   Appliance	  	  
(ex.	  washing	  machine)	  

Annual	  energy	  
demand	  

508	  kWh	   673	  kWh	   152	  kWh	   92	  kWh	  

Annual	  energy	  
demand	  with	  grey	  
water	  heat	  recovery	  

176	  kWh	   673	  kWh	   53	  kWh	   92	  kWh	  

Final	  hot	  water	  energy	  demand	  =	  994	  kWh/year	  

 
 
Predicted	  indoor	  temperatures	  in	  passive	  analysis	  
 

Predicted hours above comfortable Top with no cooling 

Dry	  resultant	  temperature	  -‐	  hours	  above	  (Copenhagen)	  

Location	   >	  25	  °C	   >	  26	  °C	   >	  27	  °C	   >	  28	  °C	  

Bathroom	   257	   88	   21	   5	  

Bed	  Room	   70	   21	   3	   0	  

Flex	  Room	   99	   26	   6	   0	  

Living	  Room	   107	   29	   10	   0	  

Technical	  Room	  (Unheated)	   0	   0	   0	   0	  
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Duration curve, annual dry resultant temperatures for Living Room 

 
Appliances	   and	   HVAC	   systems	   selection	   criteria	   and	   description	   of	   the	   final	   design	   that	  
minimizes	  the	  energy	  consumption	  and	  optimizes	  the	  comfort	  conditions.	  
 
Appliances	  
When	  possible,	  the	  appliances	  have	  been	  selected	  so	  that	  a	  connection	  with	  the	  DHW	  loop	  
is	  possible.	  The	  energy	  label	  is	  A+++	  for	  most	  of	  them.	  For	  the	  specific	  design	  the	  European	  
market	   has	   been	   preferred	   to	   maintain	   a	   sustainable	   approach.	   The	   selected	   dryer	   is	  
equipped	   with	   an	   integrated	   heat	   pump.	   Automatic	   dispensing	   of	   liquid	   and	   powder	  
detergents	  in	  domestic	  washing	  machines	  reduces	  the	  quantity	  of	  detergent	  employed.	  The	  
stove	  and	  oven	  consumption	  is	  reduced	  by	  induction	  technology.	  Washing	  machines,	  tumble	  
dryers	  and	  dishwashers	  are	  able	  to	  start	  automatically	  when	  lower-‐rate	  tariffs	  are	  available	  
or	  the	  photovoltaic	  unit	  in	  the	  home	  provides	  enough	  power	  (smart	  grid	  connection).	  
 
Hydronic	  floor	  
A	   radiant	   floor	   is	   installed	   both	   in	   the	   ground	   floor	   and	   in	   the	   first	   floor,	   in	   Denmark	   for	  
heating	   purpose	   and	   for	   the	   Versailles	   adaption	   also	   for	   cooling	   purpose.	   The	   choice	   of	   a	  
water-‐based	  heating	  and	   cooling	   system	   is	  quite	  obvious,	   as	   it	   is	   commonly	   known	  as	   the	  
most	  efficient	  kind	  of	  system,	  given	  the	  high	  heat	  capacity	  of	  water.	  	  
	  
An	  underfloor	  system	  was	  then	  preferred	  to	  standard	  radiators	  for	  multiple	  reasons:	  

• It	  guarantees	  a	  free	  use	  of	  space	  
• It	  does	  not	  require	  further	  maintenance	  or	  cleaning	  such	  as	  radiators	  
• It	  enables	  a	  lower	  supply	  temperature	  than	  radiators	  increasing	  the	  production	  

efficiency	  	  
• It	  provides	  a	  more	  comfortable	  environment	  thanks	  to	  its	  large	  surface	  

	  
The	  floor	  solution	  was	  chosen	  over	  the	  ceiling	  one	  because	   it	   is	  more	  efficient	  for	  heating,	  
which	   is	   the	   highest	   demand	   that	   exists	   in	   the	   Danish	   climate	   and	   the	   low	   cooling	   load	  
cannot	  justify	  a	  separated	  system.	  A	  dry	  system	  was	  chosen	  over	  a	  wet	  system,	  which	  would	  
have	  requested	  to	  embed	  the	  pipes	   into	  a	  concrete	  screed.	  This	  would	  have	   increased	  the	  
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weight	  of	  the	  house	  that	  we	  need	  to	  transport	  to	  Versailles	  in	  addition	  to	  the	  environmental	  
impact	  of	  concrete.	  The	  dry	  system	  has	   less	  thermal	  mass	  to	  regulate	   indoor	  temperature,	  
but	   its	   time	  response	   is	  also	   faster,	  making	   the	  control	  more	  convenient	  especially	   for	   the	  
narrow	  temperature	  range	  allowed	  in	  the	  competition.	  
	  
The	  solution	  chosen	  for	  EMBRACE	   is	  a	  dry	  radiant	  floor	  produced	  by	  Uponor	  and	  designed	  
for	   timber	   suspended	   floor.	   It	   consists	   of	   aluminium	   heat	   emission	   plates	   where	   the	   PEX	  
pipes	   can	  be	   inserted.	   The	   floor	   lies	  on	   timber	  beams,	   and	  a	   layer	  of	   insulation	   is	  needed	  
below	   the	   plates.	   The	   radiant	   floor	   is	   divided	   into	   5	   different	   loops	   intended	   to	   control	  
better	  the	  output	  in	  the	  different	  rooms	  (see	  in	  the	  floor	  plan	  in	  the	  drawing	  ME-‐021).	  
	  
Floor	  covering	  
The	  team	  have	  been	  deciding	  between	  ceramic	  tiles	  and	  chipboard	  covered	  with	   linoleum.	  
Simple	  hand	  calculations	  have	  been	  made	  to	  help	  in	  this	  decision,	  by	  computing	  the	  values	  
of	  the	  covering	  resistance	  and	  finding	  the	  supply	  temperature	  needed.	  
	  

Comparison of required supply temperature for floor coverings 

	   	   Chipboard	   Floor	  tiles	  
(ceramic)	  

Supply	   temperature	   with	   a	   dimensioning	   heat	   output	   of	   64	  
W/m2	  (theoretical	  highest	  demand,	  in	  the	  bathroom)	  

°C	   43,1	   35,2	  

Supply	   temperature	   with	   a	   dimensioning	   heat	   output	   of	   40	  
W/m2	  

°C	   35,7	   30,8	  

 
From	  the	  energy	  efficiency	  point	  of	  view,	   it	  can	  be	  seen	  that	  the	  ceramic	  tiles	  are	  a	  better	  
option	  since	  they	  enable	  to	  supply	  the	  radiant	  floor	  with	  lower	  temperature.	  
 
Overall	  system	  
The	  overall	   system	  with	   the	   connections	  of	   the	  different	   systems	  presented	  above	   can	  be	  
found	   in	   the	  mechanical	   drawings	   (ME-‐201).	   The	   operation	  modes	   under	  which	   functions	  
the	  overall	  system	  are	  shown	  in	  the	  drawings	  ME-‐211	  and	  ME-‐221	  for	  heating	  and	  cooling,	  
and	   described	   in	   more	   details	   in	   the	   Appendix	   -‐	   Technical	   note	   on	   Heating	   and	   Cooling	  
Modes.	  	  
The	  expected	  pumps	  are	  shown	  in	  the	  table	  below.	  
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Pumps and operation, in Denmark 

#	  of	  
pumps	  

Function	   Model	   Max	  
power	  
[W]	  

Operation	   Average	  yearly	  
power	  [W]	  

1	   DHW	  circulation	  
integrated	  in	  heat	  
pump	  

Grundfos	  
Alpha2	  25-‐60N	  

60	   Timed	  use,	  only	  when	  
DHW	  is	  needed	  

0,64	  

1	   Buffer	  tank-‐Heat	  pump	  
loop	  

Grundfos	  
CMB-‐SP	  3-‐28	  

50	   Very	  limited	  use	  in	  
heating	  season	  

1,43	  

1	   Radiant	  floor	  
circulation	  

Grundfos	  
Alpha2	  25-‐60	  

60	   Timed	  use	  for	  heating	  	   11,51	  

Total average electrical power = 13,58 W	   Total electrical energy consumption = 119 kWh/year	  

 
The	  mechanical	  ventilation	  system	  will	  operate	  and	  use	  electricity	  like	  explained	  in	  Appendix	  
-‐	   Technical	   Note	   on	   Mechanical	   Ventilation.	   The	   operation	   time	   and	   the	   related	   energy	  
consumption	  are	  found	  in	  the	  tables	  below.	  

 
Hours of operation in ventilation modes for dynamic building simulation 

 Hours in normal mode Hours in forced mode Hours in away mode Hours in season 

Winter 3744 756 1548 6048 

Summer 0 336 0 2712 

Total 3744 336 1548 8760 

 
Calculated annual energy demands for mechanical ventilation based on assumed operations 

 Energy demand, 
normal mode (kWh) 

Energy demand, 
forced mode (kWh) 

Energy demand, 
away mode (kWh) 

Seasonal energy 
demand (kWh) 

Winter 61,8 23,8 4,3 89,8 

Summer 0 10,6 0 10,6 

Total 61,8 34,4 4,3 100,4 

 
Predicted	  heating	  and	  cooling	  loads	  and	  appliances	  and	  HVAC	  energy	  demand	  
Heating	  and	  cooling	  loads	  and	  consumption	  is	  calculated	  through	  the	  demands	  from	  building	  
simulation	   and	   the	   SCOP	   of	   the	   exhaust	   heat	   pump.	   For	   explanation	   of	   the	   SCOP,	   see	  
Appendix	  -‐	  Technical	  Note	  on	  Exhaust	  Heat	  Pump.	  
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Exhaust air heat pump in the urban case 

 
Peak load for heating and cooling 

Heating	  and	  cooling	  loads	   Space	  heating	   Space	  cooling	   Domestic	  and	  appliance	  
hot	  water	  

Design	  temperature	   -‐	  12	  °C	   	   	  

Net	  peak	  loads	   2.04	  kW	   0	  kW	   0,11	  kW	  

Design	  COP	   3,29	   -‐	   3,29	  

Peak	  electrical	  heat	  pump	  
requirements	  

0,62	  kW	   0	  kW	   0,04	  kW	  

Lighting	   and	   appliances	   are	   functional	   results	   of	   input	   to	   building	   simulation	   and	   average	  
operation.	  Domestic	  and	  appliance	  hot	  water	  are	  through	  the	  hand	  calculations	  described	  in	  
the	  previous	  section.	  	  

Annual electrical energy requirements 

	   Space	  
heating	  

Space	  
cooling	  

Domestic	  and	  
appliance	  hot	  
water	  

Ventilation	   Pumps	   Lighting	   Appliances	  
and	  devices	  

Net	  energy	  
demand	  

1999	  
kWh	  

0	  
kWh	  

994	  	  
kWh	  

100	  	  
kWh	  

119	  	  
kWh	  

179	  
kWh	  

962	  	  
kWh	  

SCOP	   3,52	   -‐	   3,52	   -‐	   -‐	   -‐	   -‐	  

Electrical	  
requirements	  

568	  
kWh	  

0	  	  
kWh	  

282	  
kWh	  

100	  
kWh	  

119	  
kWh	  

179	  
kWh	  

962	  
kWh	  

Electrical	  
requirements	  
per	  gross	  area	  

9,6	  
kWh/m
2	  

0	  
kWh/m
2	  

4,8	  
kWh/m2	  

1,7	  
kWh/m2	  

2,0	  
kWh/m2	  

3,0	  
kWh/m2	  

15,4	  	  
kWh/m2	  

Total electrical consumption     2211 kWh   37,5 kWh/m2	  
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Annual electrical energy consumption - feedback to user via iPad  

 
Conclusions	  
The	   space	   heating	   consumption	   has	   increased	   through	   recent	   changes	   in	   calculation	  
methods.	  Thermal	  bridges	  account	  for	  a	  large	  portion	  of	  the	  heating	  demand,	  but	  it	  is	  only	  
possible	   for	   the	   team	   to	   estimate	   these	   through	   standardized	   calculations.	   This	   makes	   it	  
hard	   to	   accurately	   estimate	   the	   thermal	   performance.	   The	   lighting	   and	   appliances	   will	  
usually	   contribute	  more	   to	   the	   space	  heating	   requirements	   than	   in	  EMBRACE,	  where	   they	  
are	  design	  to	  use	  very	  little	  electricity.	  	  
	  
Passive	  means	  of	  solar	  shading	  and	  natural	  ventilation	  has	  been	  successfully	  implemented	  to	  
eradicate	   cooling	   needs	   in	   Denmark	   and	   also	   almost	   in	   Paris	   without	   comprising	   the	  
temperatures	   above	   normal	   desired	   operative	   temperatures,	   sf.	   duration	   curves.	  
Investigation	   of	   the	   auxiliary	   energy	   consumptions	   by	   ventilation	   and	   pumps	   has	   now	  
successfully	  calculated	  with	  results	  like	  expected	  and	  satisfying	  for	  a	  plus-‐energy	  house.	  	  
	  
The	  electrical	  production	  of	  the	  large	  PV	  system	  far	  exceeds	  the	  consumption	  of	  the	  house	  
on	  an	  annual	  basis.	  This	  is	  in	  line	  with	  the	  symbiosis	  strategy	  of	  sharing	  energy	  with	  the	  host	  
building.	  
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05.4.2.3 SECTION III - ADAPTATIONS MADE BY THE TEAM IN THE HOUSE 
FOR THE PROTOTYPE IN VERSAILLES 

House adaptation 
Architectural	  adaptation	  
The	  house	   in	  Versailles	  will	   not	  be	   a	   row-‐house	  on	   top	  of	   a	   roof	   like	  what	   is	   simulated	   in	  
Nordhavn.	   This	  means	   that	   the	   adiabatic	   west	   facade	  will	   have	   normal	   transmission	   heat	  
loss	   in	  Paris.	  Similarly,	   the	  adiabatic	  surface	  down	  towards	  the	  the	  underlying	  building	  will	  
now	  be	  a	  heat	  loss	  to	  the	  ground.	  
 
Energy	  source	  adaptation	  	  	  
For	   heating	   production,	   solar	   collectors	   are	   mounted	   on	   the	   weather	   shield,	   since	   the	  
production	   in	   France	   has	   better	   potentials	   than	   in	  Denmark.	   They	  will	   produce	   hot	  water	  
that	  will	  mainly	  be	  used	  for	  DHW.	  Since	  the	  solar	  resource	  is	   irregular	  and	  not	  predictable,	  
other	  systems	  must	  be	  implemented.	  The	  DHW	  is	  provided	  by	  a	  compressor	  included	  in	  the	  
ventilation	   system	   like	   for	   the	   urban	   case	   house,	   which	   acts	   as	   active	   heat	   recovery	   and	  
takes	  heat	  from	  the	  ventilation	  air	  of	  the	  house.	  This	  system	  is	  integrated	  in	  the	  Compact	  P	  
unit	  from	  Nilan	  and	  it	  can	  cover	  the	  needs	  for	  DHW.	  	  
To	  cover	  the	  space	  heating	  needs	  an	  air-‐to-‐water	  external	  heat	  pump	  are	  placed	  outside	  the	  
house	  and	  linked	  to	  the	  storage	  tank	  in	  the	  technical	  room.	  	  

	  
Conceptual energy systems for Versailles adaption  

 
For	   cooling,	   the	  main	   concept	   is	   to	   exploit	   nighttime	   radiative	   cooling.	   This	   will	   be	   done	  
through	   the	   installation	   of	   grid	   panels	   on	   the	   terrace	   of	   the	   lot,	   where	   hot	  water	  will	   be	  
circulated	   at	   night	   and	  be	   cooled	  down	  by	   radiation	   towards	   the	   sky.	   The	   chilled	  water	   is	  
kept	   in	  a	  storage	  tank	  to	  be	  used	  the	  next	  day.	   In	  case	  this	   free	  cooling	   is	   insufficient,	   the	  
external	  air-‐to-‐water	  heat	  pump	  is	  reversible	  and	  can	  be	  used	  to	  produce	  cold	  water	  as	  well.	  
It	  can	  be	  assumed	  that	  50	  W/m2	  of	  cooling	  power	  will	  be	  achieved	  on	  average,	  with	  14.4	  m2	  
of	   panels	   installed.	   Based	   on	   literature	   and	  with	   a	   reasonable	   safety	   factor,	   it	   is	   assumed	  
that	  20	  %	  of	  the	  cooling	  needs	  can	  be	  covered	  by	  the	  free	  cooling,	  the	  rest	  being	  provided	  by	  
the	  heat	  pump.	  For	   further	  details,	   see	  Appendix	   -‐	  Technical	  Note	  on	  Heating	  and	  Cooling	  
Production.	  	  
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Operation modes of the Nilan 
Compact P. Only the passive heat 
recovery and bypass modes are 
expected to be used, since solar 
heating will be sufficient for space 
heating and DHW demand   

 
HVAC	  and	  appliance	  adaptation	  
The	   only	   appliance	  which	   changes	   in	   the	   Versailles	   scenario	   is	   the	   dryer.	   In	   this	   scenario,	  
solar	  collectors	  are	  installed	  and	  therefore	  a	  low	  energy	  dryer	  that	  uses	  the	  hot	  water	  to	  dry	  
clothes	  has	  been	  selected.	  Since	  hot	  water	  from	  the	  solar	  heating	  is	  “free”	  it	  will	  not	  make	  
sense	   to	   install	   the	   grey	   water	   recovery	   system	   in	   the	   prototype	   house.	   For	   this	   reason,	  
domestic	  and	  appliance	  hot	  water	  demands	  are	  higher.	  
	  
The	   solar	   collectors	   will	   be	   mounted	   on	   the	   upper	   part	   of	   the	   weather	   shield,	   with	  
connection	  pipes	  going	  down	  to	  the	  technical	  room,	  through	  the	  light-‐shaft.	  Two	  collectors	  
of	   the	  model	  BA22	  from	  the	  company	  Batec	  will	  be	  used,	  summing	  up	  to	  4.4	  m2	  absorber	  
area.	  For	  further	  details,	  see	  	  Appendix	  -‐	  Technical	  Note	  on	  Solar	  Collectors	  and	  in	  the	  “Solar	  
thermal	   design”,	   05.3.7	   section	   of	   the	   “Engineering	   and	   Construction	   Design	   Narrative”.	  
Simulations	   to	   find	   the	  optimal	   area	  of	   solar	   collectors	   have	  been	   carried	  out	   beforehand	  
with	   the	  Polysun	  program:	  4.4	  m2	  of	   collectors	  proved	   to	  be	   sufficient	   to	   cover	   the	  whole	  
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demand	   in	   summer,	   with	   an	   annual	   production	   of	   1200	   kWh/year,	   covering	   65	   %	   of	   the	  
annual	  demand	  for	  domestic	  and	  appliance	  hot	  water.	  
	  
A	   lot	   of	   the	   normal	   technical	   infrastructure	   like	   cold	   water	   supply	   and	   sewage	   are	   also	  
missing	   in	  Versailles.	   For	   this	   reason	  many	  additional	   pumps	  are	   applied	   to	   accommodate	  
those	  special	  needs.	  Some	  of	  the	  pumping	  control	  is	  described	  in	  05.3.3.4	  Control	  system.	  
 

Pumps and operations in Versailles adaptation 

#	  of	  
pumps	  

Function	   Model	   Max	  
power	  
[W]	  

Operation	   Average	  yearly	  
power	  [W]	  

1	   DHW	  circulation	  
integrated	  in	  heat	  
pump	  

Grundfos	  
Alpha2	  25-‐60N	  

60	   Timed	  use,	  only	  when	  
DHW	  is	  needed	  

0,64	  

1	   Buffer	  tank-‐Heat	  pump	  
loop	  

Grundfos	  
CMB-‐SP	  3-‐28	  

50	   Very	  limited	  use	  on	  
heating	  and	  cooling	  
days	  

1,43	  

1	   Radiant	  floor	  
circulation	  

Grundfos	  
Alpha2	  25-‐60	  

60	   Timed	  use	  for	  heating	  
and	  cooling	  

11,51	  

1	   Solar	  collector	  loop	   Grundfos	  Solar	  
25-‐45	  

45	   When	  solar	  heating	  is	  
available	  

6,39	  

1	   Unglazed	  solar	  
collector	  loop	  

Grundfos	  Solar	  
25-‐45	  

45	   Similar	  to	  solar	  heating	   2,30	  

1	   Fresh	  (cold)	  water	   Grundfos	  
CMB-‐SP	  3-‐28	  	  

50	   Timed	  use,	  only	  when	  
fresh	  water	  is	  needed	  

0,64	  

1	   Grey	  water	  sewage	   Grundfos	  
Sololift2	  C-‐3	  

280	   Sewage	  timed	   0,82	  

 
The	   average	   pumping	   power	   of	   23,76	   W	   yields	   a	   yearly	   energy	   consumption	   of	   208	  
kWh/year.	  

2. House, Appliances and HVAC Simulations (two competition weeks in 
Versailles) 

 
The	   house	   has	   been	   simulated	   for	   a	   whole	   year	   i	   Parisian	   climate	   to	   see	   performance.	  
Performance	  and	  loads	  are	  similar	  to	  the	  urban	  case	  simulation	  since	  the	  transmission	  area	  
is	  larger	  (no	  adiabatic	  surfaces),	  but	  the	  Parisian	  climate	  is	  also	  milder.	  
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Energy net requirements and loads 

Peak	  design	  space	  heating	  load,	  99	  %	  fractile	   1,78	  kW	  

Peak	  design	  space	  cooling	  load,	  2	  %	  fractile	   1,10	  kW	  

Yearly	  space	  heating	  demand	   1932	  kWh	  -‐	  32,7	  kWh/m2	  

Yearly	  space	  cooling	  demand	   28	  kWh	  -‐	  0,47	  kWh/m2	  

 
The	  predicted	  temperature	  with	  the	  radiant	  cooling	  system	  are	  listed	  below.	  Further	  analysis	  
will	  be	  done	  to	  simulate	  performance	  of	  especially	  passive	  energy	  sources	   like	  free	  cooling	  
and	  solar	  thermal	  panel	  in	  combination	  with	  thermal	  storage.	  With	  these	  calculations	  done,	  
it	  will	  be	  possible	  to	  better	  predict	  the	  performance	  during	  the	  passive	  evaluation	  period	  in	  
the	  competition.	  
 

Predicted hours above comfortable Top with radiant cooling from floor 

Dry resultant temperature - hours above (Paris) 

Location > 25.00 > 26.00 > 27.00 > 28.00 

Bathroom 420 38 0 0 

Bed Room 173 14 0 0 

Flex Room 236 0 0 0 

Living Room 295 3 0 0 

Technical Room (Unheated) 121 28 5 0 

 

 
Duration curve, annual dry resultant temperatures for Living Room 
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Predicted	  heating	  and	  cooling	  loads	  and	  appliances	  and	  HVAC	  energy	  demand	  
The	  annual	  demands	  of	  heating	  and	  cooling	  and	  the	  calculated	  global	  efficiencies	  of	  the	  heat	  
pumps	  has	  been	  used	  to	  calculate	  the	  electrical	  requirements.	  The	  annual	  production	  of	  hot	  
water	  by	  the	  solar	  collectors	  has	  been	  applied.	  In	  line	  with	  the	  competition	  rules,	  the	  energy	  
consumption	  during	  the	  competition	  for	  lighting	  and	  appliances	  are	  multiplied	  to	  an	  annual	  
demand.	  	  
 

Annual electrical energy requirements 

 Space 
heating 

Space 
cooling 

Domestic and 
appliance hot 
water 

Ventilation Pumps Lighting Appliances 
and devices 

Net energy 
demand 

1932 
kWh 

28 
kWh 

1850  
kWh 

100  
kWh 

208 
kWh 

394 
kWh 

962  
kWh 

SCOP 
(SH coverage) 

3,34 2,49 3,52 
(65 %) 

- - - - 

Electrical 
requirements 

578 
kWh 

11  
kWh 

184 
kWh 

100 
kWh 

208  
kWh 

394 
kWh 

962 
kWh 

Electrical 
requirements 
per gross area 

8,9 
kWh/m2 

0,2 
kWh/m2 

3,1 
kWh/m2 

1,7 
kWh/m2 

3,5 
kWh/m2 
 

3,7 
kWh/m2 

12,2  
kWh/m2 

Total electrical consumption    2438 kWh   41,3 kWh/m2 

 
The	  electrical	  energy	  balance	  during	  the	  two	  competition	  weeks	  is	  elaborated	  further	  in	  the	  
engineering	  and	  construction	  design	  narrative	  chapter	  05.3.6.	  
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Annual electrical energy consumption - feedback to user via iPad 

 
Conclusions	  of	  indoor	  climate	  in	  prototype	  after	  competition	  
Points	   regarding	   the	   indoor	   climate	  were	  distributed	   among	   continuous	  measurements	   of	  
temperature,	   CO2	   and	   humidity	   and	   single	   test	   measurements	   of	   acoustical	   and	   visual	  
indoor	  climate	  and	  VOCs	   in	   the	  air.	  The	  conclusions	   regarding	  acoustical	  and	  visual	   indoor	  
climate	  are	  found	  in	  the	  engineering	  and	  construction	  design	  narrative	  and	  the	  architectural	  
design	  narrative	  respectively.	  	  
	  
Meeting	  the	  set	  point	  operative	  temperatures	  was	  the	  most	  important	  part	  of	  the	  comfort	  
conditions	  competition,	  since	  65	  points	  was	  allocated	  to	  this	  sub-‐contest.	  The	  challenge	  was	  
expected	  to	  be	  on	  keeping	  the	  house	  cool	  enough	   in	  the	  Parisian	  summer	  through	  passive	  
means	  of	  solar	  shading	  and	  natural	  ventilation	  and	  when	  necessary	  using	  the	  radiant	   floor	  
system	   to	   cool.	   The	   equation	   used	   to	   determine	   the	   official	   set	   points	   also	   reflects	   the	  
expectation	  of	   a	   cooling	   scenario,	   since	   it	  was	   taken	   from	  EN15251,	  Annex	  A2	  Acceptable	  
indoor	   temperatures	   for	   design	   of	   buildings	   without	   mechanical	   cooling	   systems.	   The	  
equation	   (3)	   from	   the	   norm	   is	   used	   to	   calculate	   the	   exterior	   running	  mean	   similar	   to	   the	  
competition	  as	  well	  as	  the	  resulting	  comfort	  temperature.	  	  
 
Θrm	  =	  (Θed	  -‐1	  +	  0,8	  Θed	  -‐2	  +	  0,6	  Θed	  -‐3	  +	  0,5	  Θed	  -‐4	  +	  0,4	  Θed	  -‐5	  +	  0,3	  Θed	  -‐6	  +	  0,2	  Θed	  -‐7)/3,8	  	  	  	  	  	  	  	  (3)	  

Comfort	  temperature	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Θc	  =	  0,33Θrm+	  18,8	  
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However,	   there	   is	  a	  big	  difference	   in	   the	   temperature	   range	  around	  the	  optimal	  operative	  
indoor	  temperatures	  from	  the	  norm	  to	  the	  competition.	   In	  the	  norm,	  the	  3	   indoor	  climate	  
categories,	   which	   are	   used	   to	   determine	   points	   and	   reduced	   points	   in	   other	   comfort	  
conditions	  sub-‐contest	  are	  presented	  as	  the	  following:	  
 

Category	  I	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	   upper	  limit:	  	  	   Θo	  =	  0,33	  Θrm+	  18,8	  +	  2	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   lower	  limit:	  	  	  	   Θo	  	  =	  0,33	  Θrm	  +	  18,8	  -‐	  3	  

Category	  II	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	   upper	  limit:	  	  	   Θo	  =	  0,33	  Θrm	  +	  18,8	  +	  3	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   lower	  limit:	  	  	  	   Θo	  	  =	  0,33	  Θrm	  +	  18,8	  -‐	  4	  
Category	  III	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	   upper	  limit:	  	  	   Θo	  =	  0,33	  Θrm	  +	  18,8	  +	  4	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   lower	  limit:	  	  	  	   Θo	  	  =	  0,33	  Θrm	  +	  18,8 – 5 
 
 

 
 
In	  the	  2014	  revision	  of	  EN	  15251,	  it	  is	  even	  considered	  to	  relax	  the	  upper	  temperature	  limit	  
with	  2	  °C	  in	  dwelling	  rooms,	  except	  bedroom.	  These	  large	  temperature	  ranges	  allow	  for	  the	  
extensive	  means	  of	  passive	  strategies,	  which	  the	  adaptive	  criteria	  is	  meant	  to	  support.	  It	  is	  a	  
clear	  prerequisite	  for	  the	  use	  of	  the	  method,	  that	  the	  buildings	  are	  not	  mechanically	  cooled.	  
It	  is	  also	  stated	  that	  the	  adaptive	  criteria	  does	  not	  apply	  in	  the	  heating	  season,	  however	  Θrm	  
was	  15,4	  °C	  at	  the	  lowest,	  which	  makes	  the	  graph	  above	  applicable.	  The	  temperature	  ranges	  
in	  the	  adaptive	  criteria	  are	  as	  seen	  below	  far	  from	  the	  competition	  criteria.	  	  	  	  
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It	   is	   for	   these	   reasons	   considered	   an	   exceptional	   high	   requirement	   to	   comply	   with	   the	  
competition	  rules,	  since	  they	  are	  more	  strict	  than	  the	  highest	  indoor	  climate	  class.	  The	  use	  
of	  such	  a	  narrow	  temperature	  range	  limits	  the	  use	  of	  passive	  cooling	  strategies.	  Additionally,	  
during	  the	  second	  competition	  week	  the	  temperatures	  drop	  below	  normal	   levels	  of	   July	   in	  
Paris.	   The	  change	  can	  be	   seen	   from	   the	  average	  exterior	   temperatures	   in	   the	   table	  below	  
(official	  competition	  data	  log):	  
 

Date	   30/06/13	   01/07/13	   02/07/13	   03/07/13	   04/07/13	   05/07/13	  

Average	  daily	  temp.	   15,2	   18,2	   19,4	   21,4	   20,7	   19,3	  

Date	   06/07/13	   07/07/13	   08/07/13	   09/07/13	   10/07/13	   11/07/13	  

Average	  daily	  temp.	   17,2	   15,6	   15,1	   13,7	   14,0	   16,3	  

   
The	   drops	   in	   the	   exterior	   temperatures	   combined	  with	   the	   narrow	   set	   point	   temperature	  
range	   dictation	   a	   need	   for	   heating	   in	   the	   prototype	   houses	   and	   only	   very	   few	   had	   active	  
systems	   capable	   of	   this.	   It	   is	   also	   considered	   unlikely	   the	   even	   these	   low	   exterior	  
temperatures	  in	  summer	  would	  require	  the	  operation	  of	  an	  active	  heating	  system	  in	  a	  real	  
house.	   These	   events	   was	   unfortunate	   and	   lead	   to	   more	   than	   expected	   number	   of	   hours	  
outside	   maximum	   point	   range.	   The	   small	   and	   highly	   insulated	   Thermal	   Envelope	   of	  
EMBRACE	  was	  however	  easy	  to	  heat	  up	  and	  keep	  warm,	  which	  ended	  up	  given	  Team	  DTU	  a	  
fair	  position	  regarding	  temperatures	  (#7)	  and	  62,03	  out	  of	  65	  points	  was	  awarded.	  
	  	  	  
Very	   few	   points	   (10	   for	   humidity	   and	   5	   for	   CO2)	   were	   dedicated	   to	   the	   continuous	  
measurements	  of	  air	  quality,	  which	  meant	  that	  teams	  did	  not	  have	  an	  incentive	  to	  manage	  
the	   air	   quality	   similarly	   to	   temperatures.	   CO2	   levels	   had	   stay	   below	   800	   ppm	   to	   get	   full	  
points	   and	   in	   the	   range	   800-‐1200	   ppm	   to	   get	   reduced	   points.	   The	  DTU	   team	  did	   not	   pay	  
much	  attention	  to	  the	  CO2	  concentration	  and	  came	  in	  7th	  in	  the	  competition,	  however	  4.46	  
points	  out	  of	  5	  was	  received,	  which	   indicates	  the	   insignificance	  of	  the	  sub-‐competition.	  All	  
teams	   received	   5	   out	   of	   5	   points	   in	   the	   VOC	   test	   sub-‐contest,	   which	   indicates	   either	   all	  
teams	  were	  in	  full	  control	  of	  these	  pollutants	  thanks	  to	  a	  high	  threshold	  for	  full	  points	  (30	  μg	  
formaldehyde	  per	  m3)	  or	  trouble	  getting	  comparable	  measurements.	  	  	  
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Humidity	   was	  managed	   through	   natural	   and	  mechanical	   ventilation	   especially	   at	   times	   of	  
cooking	  and	  many	  people	  in	  the	  rooms,	  like	  during	  the	  dinner	  parties.	  The	  Parisian	  exterior	  
climate	  and	  high	  desirable	   indoor	   temperatures	  made	  managing	   the	  humidity	   level	   to	   the	  
range	  40	  %	  -‐	  55	  %	  RH	  rather	  easy	  even	  without	  equipment	  for	  humidifying	  or	  dehumidifying.	  
DTU	   received	   9,94	   out	   of	   10	   points	   in	   the	   sub-‐contest,	   which	   was	   highest	   than	   all	   other	  
teams.	  
 
Conclusions	  of	  HVAC	  and	  DHW	  electrical	  consumption	  in	  prototype	  after	  competition	  
Energy	   consumption	   of	   the	   conditioning	   systems	   were	   estimated	   to	   only	   be	   for	   a	   little	  
cooling	   and	   then	   auxiliary	   energy	   for	   circulation	   pumps	   and	   ventilation	   fans	   during	   the	  
competition	   time	   in	   July	   in	   Versailles.	   The	   coupling	   of	   heating	   and	   cooling	   to	   the	   same	  
radiant	  floor	  system	  was	  not	  executed	  due	  to	  the	  overall	  time	  management	  and	  only	  cooling	  
was	  therefore	  possible	  in	  the	  prototype	  house.	  The	  cooling	  was	  to	  be	  produced	  partly	  by	  the	  
Daikin	   Althema	   heat	   pump	   and	   partly	   by	   night	   radiative	   cooling	   by	   the	   un-‐glazed	   solar	  
collectors.	   All	   hot	  water	   for	   hot	  water	   draws	   and	   appliances	  were	   to	   be	   produced	   by	   the	  
solar	  collectors.	  	  
	  
As	   described	   along	   with	   the	   temperature,	   the	   weather	   was	   unusually	   cold	   in	   the	   second	  
competition	  week,	  which	  meant	  no	  cooling	  demand	  and	  very	  little	  solar	  heating	  production.	  
The	  solar	  heating	  also	  had	   leakage	  problems,	  which	  meant	   this	  source	  of	  “free”	  hot	  water	  
was	  unavailable	   in	  most	  of	  the	  competition	  period.	   Instead,	  the	  high	  temperature	  setpoint	  
meant	   a	   heating	   demand,	   which	   could	   only	   be	   covered	   by	   heating	   the	   supplied	   air	   from	  
Nilan	  ventilation	  unit,	  thanks	  to	  a	  small	  heat	  pump.	  As	  well,	  the	  hot	  water	  demand	  had	  to	  be	  
covered	  by	   the	  same	  unit.	   It	  was	  not	  possible	   to	  both	  heat	  air	  and	  hot	  water	  at	   the	  same	  
time,	  so	  manually	  switching	   in	  operations	  was	  necessary	  and	   large	  amounts	  of	  energy	  was	  
required	  to	  this	  single	  unit.	  
 
Team	  dinners	  
The	  Team	  dinners	  were	  events	  where	  ventilation	  was	  to	  be	  kept	  on	  forced	  mode	  while	  the	  
indoor	  climate	  targets	  was	  challenged	  by	  cooking	  and	  8	  persons	  in	  the	  house.	  The	  monitored	  
results	  of	  humidity	  and	  CO2	  from	  these	  periods	  were	  interesting	  to	  evaluate	  on	  the	  system	  
functionality.	  The	  results	  for	  the	  two	  last	  team	  dinners	  are	  shown	  in	  the	  figure	  below	  along	  
with	  the	  logged	  power	  consumption	  data	  from	  the	  Nilan	  unit.	  
	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Energy	  Efficiency	   215	  

	  

  
Monitoring	   results	   and	   ventilation	   power	   consumption	   loggings	   around	   and	   during	   team	  
dinner	  21:00-‐23:00.	  Left:	  2nd	  dinner	  Thursday	  3/7.	  Right:	  3rd	  dinner	  Thursday	  10/7.	  
	  
It	   appears	   from	   the	   results	   that	   the	   kitchen	   hood	   was	   not	   on	   during	   the	   dinners,	   which	  
seems	  odd.	  It	  is	  likely	  the	  windows	  were	  kept	  open	  during	  the	  dinner	  time	  (21:00-‐23:00),	  if	  
temperatures	  were	  high	  enough.	  It	  is	  seen	  that	  the	  moisture	  production	  does	  not	  cause	  an	  
increase	   in	   relative	   humidity	   similar	   to	   the	   increase	   in	   CO2	   concentration.	   The	   CO2	   level	  
indicates	  that	  ventilation	  was	  somewhat	  insufficient	  for	  the	  8	  persons	  present	  in	  the	  house.	  
Humidity	  from	  the	  cooking	  not	  causing	  an	  increase	  in	  RH	  could	  indicate	  that	  the	  fresh	  supply	  
air	   had	   low	   humidity	   to	   take	   up	   the	   generation	   or	   that	   the	   room	   design	   efficiently	   kept	  
moisture	  in	  the	  kitchen,	  while	  RH	  and	  CO2	  was	  monitored	  in	  the	  living	  room.	  
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O5.5 INNOVATION 
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EMBRACE	  is	  a	  minimal	  city	  dwelling	  created	  to	  facilitate	  urban	  densification	  by	  creating	  new	  
communities	   on	   top	   of	   existing	   buildings.	   Existing	   rooftops	   are	   not	   utilized	   to	   their	   full	  
potential	   as	   they	   currently	   lack	   livable	   space.	   Many	   existing	   rooftops	   are	   defined	   by	   the	  
Copenhagen	   municipality	   as	   suitable	   places	   for	   densification	   and	   the	   urban	   renewal	   by	  
adding	   new	   buildings	   to	   the	   existing	   city.	   The	   project	   is	   intended	   for	   the	   developing	  
Nordhavn	  district	  of	  Copenhagen,	  Denmark	  but	  is	  conceptually	  open	  to	  adaptation	  to	  other	  
contexts.	  

	  

Left:	  Illustration	  of	  EMBRACE	  with	  the	  Weather	  Shield.	  Right:	  Concept	  of	  EMBRACE	  on	  top	  of	  existing	  building.	  

The	   project	   is	   designed	   to	   add	   self-‐sustaining	   communities	   to	   the	   existing	   urban	   fabric.	  
EMBRACE	  dwellings	  consist	  of	  a	   'Thermal	  Envelope'-‐unit	  and	  a	   'Sheltered	  Garden'	   covered	  
by	  a	  Weather	  Shield.	  The	  sheltered	  garden	  stimulates	   interconnectivity	  by	  creating	  diverse	  
semi-‐private	   and	   semi-‐public	   zones	   that	   are	   usable	   by	   both	   the	   rooftop	   residents	   and	  
residents	  from	  dwellings	  below.	  Social	  interaction	  aims	  to	  counter	  loneliness	  in	  Copenhagen	  
and	  is	  encouraged	  through	  the	  sharing	  of	  resources,	  knowledge	  and	  time.	  
	  
The	  protective	  skin	  integrates	  solar	  power	  technologies	  to	  power	  the	  rooftop	  dwellings	  and	  
share	   energy	   with	   the	   building	   below.	   The	   dwelling	   is	   composed	   of	   largely	   prefabricated	  
modules	  to	  enable	  simple	  assembly	  on	  top	  of	  existing	  buildings.	  
	  
Reducing	   the	   environmental	   impact	   has	   been	   stimulated	   from	   early	   on	   through	   the	  
sustainability	  concept	  of	  Smart,	  Save,	  Share".	  	  The	  strategy	  firstly	  aims	  to	  Save	  energy	  used	  
or	  embodied	  in	  EMBRACE.	  Secondly,	  the	  energy	  that	  is	  consumed	  is	  consumed	  in	  an	  efficient	  
and	   Smart	   manner.	   Thirdly,	   the	   communal	   impact	   of	   EMBRACE	   on	   the	   environment	   and	  
society,	   from	   	   f.e.	   the	   shared	   space	   and	   vehicles,	   will	   be	   reduced	   by	   Sharing	   the	   impact	  
among	  multiple	  dwellings.	  

	  
Concept	  illustration.	  Read	  from	  top	  clockwise.	   	  

PROJECT RECAP 
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EMBRACE	  addresses	  the	  issue	  of	  urban	  sprawl	  through	  a	  new	  urban	  densification	  strategy.	  
Our	  modern	  individualistic	  society	  comes	  with	  loneliness	  and	  feeling	  of	  isolation.	  EMBRACE	  
counteracts	  these	  downsides	  by	  creating	  an	  interconnected	  community	  through	  the	  sharing	  
of	   space,	   food	  and	  energy	  whilst	   still	   allowing	   for	   individualistic	   freedom	  -‐	   the	   freedom	  of	  
choice.	  Social	   relations	  are	   intensified	  by	  creating	  an	  energy	  efficiency	  competition	  among	  
inhabitants.	  The	  figure	  below	  lists	  the	  main	  innovations	  of	  EMBRACE.	  	  
 

	  

	  
Cloud-‐based	  control	  system	  
The	   cloud	   creates	   an	   energy	   competition	  
between	  dwellings.	  
	  
	  
Weather	  shield	  
The	  weather	  shield	  is	  optimised	  for	  	  
daylight,	   shading,	   electricity	   production,	  
and	  creating	  a	  climate-‐adaptive	  zone.	  	  
	  
	  
Self-‐sustaining	  community	  
EMBRACE	   is	   partially	   self-‐sustaining	  
through	   the	   sharing	   of	   space,	   fruits,	  
vegetables,	   herbs,	   skills,	   energy,	   internet,	  
tools,	  activities,	  and	  knowledge.	  
	  
	  
Social	  interconnectivity	  
Each	  dwelling	  is	  connected	  to	  the	  	  
community	   through	   shared	   spaces	   under	  
the	  weather	  shield.	  The	  sharing	  stimulates	  
socialising.	  
	  
	  
Social	  densification	  
The	   city	   is	   densified	   by	   adding	   a	   new	  
community	   to	  an	  existing	  one.	  New	  social	  
relations	   are	   formed	   by	   attracting	   low-‐
income	  households.	  
	  
	  

 

05.5 INNOVATION REPORT 
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A	   survey	  performed	  by	  Rambøll	   and	  Analyse	  Danmark	   for	   the	  newspaper	   Jyllands-‐Posten,	  
shows	   that	   loneliness	   is	   a	   common	   problem	   in	   Denmark.	   Nearly	   27	   %	   of	   the	   Danes	  
participating	   in	   the	   survey	   indicate	   that	   they	   feel	   lonely	   sometimes	   or	   more	   often.	   The	  
problem	  is	  worst	  for	  young	  people	  between	  18-‐25	  year;	  40	  %	  of	  them	  feel	  lonely	  more	  than	  
sometimes.22	  
	  
Loneliness	  is	  thought	  to	  be	  caused	  by	  our	  increased	  use	  of	  social	  media	  leading	  to	  a	  lack	  of	  
face	   to	   face	   human	   interaction1.	   The	   architectural	   innovation	   of	   EMBRACE	   lies	   in	   the	  
counteracting	  of	   loneliness	   by	   creating	   an	   interconnected	   community.	  On	   an	   architectural	  
level	   EMBRACE	   interconnects	   through	   a	   shared	   communal	   space,	   indicated	   in	   chartreuse.	  
The	  shared	  communal	  space	  is	  connected	  to	  the	  dwelling	  (in	  purple)	  through	  the	  sheltered	  
garden	  (in	  green),	  creating	  a	  smooth	  transition	  from	  public	  to	  private.	  	  
 

 
Social interconnectivity through a gradual transition from semi-private to private 

	  
The	   sheltered	   garden	   is	   covered	   by	   a	   weather	   shield	   which	   protects	   from	   weather.	   The	  
weather	   shield	   acts	   as	   a	   buffer	   between	   inside	   and	   outside	   by	   allowing	   the	   user	   to	  
experience	   outdoor	   conditions.	   Penetrating	   daylight	   is	   filtered	   by	   a	   semi-‐transparent	  
envelope	   contributing	   to	   the	   smooth	   transition	   between	   inside	   and	   outside.	   Innovative	  
about	   the	   implementation	   of	   sheltered	   garden	   is	   the	   creating	   of	   an	   inviting	   space	   which	  
stimulates	   the	   forming	   of	   new	   social	   relations	   in	   an	   interconnected	   community.	   The	  
sheltered	   garden	   in	   EMBRACE	   creates	   a	   transition	   space	   from	   inside	   to	   outside	   and	   from	  
private	  to	  semi-‐private.	  
	  
The	  forming	  of	  new	  social	   relations	   is	  stimulated	  by	  the	  shared	  space.	  Some	  of	   the	  stimuli	  
are	   the	   sharing	   of	   resources,	   food,	   space,	   hobbies,	   tools	   and	   knowledge.	   The	   sharing	   for	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
22	  http://jyllands-‐posten.dk/livsstil/ECE4785953/hver-‐fjerde-‐foeler-‐sig-‐jaevnligt-‐ensom/	  

05.5.1. INNOVATION IN ARCHITECTURE 
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example	   entails	   different	   household	   A	   producing	   tomatoes	   which	   they	   exchange	   with	  
households	   B	   for	   the	   fixing	   of	   a	   bike	   and	   household	   C	   for	   some	   basil	   and	   other	   herbs.	  
Additionally,	   social	   relations	   are	   strengthened	   by	   the	   innovation	   in	   energy	   efficiency:	  
creating	  an	  energy	  competition	  on	  a	  community	  scale.	  Here	  occupants	  are	  able	  to	  see	  how	  
sustainable	  their	  behaviour	  is	  in	  comparison	  to	  the	  rest	  of	  the	  community.	  	  
	  
Copenhagen	  has	  a	   long	   tradition	  of	   cooperative	  housing	  where	  building	  blocks	   surround	  a	  
courtyard.	   The	   courtyard	   is	   shared	   among	   all	   inhabitants	   of	   the	   building	   block	   and	  
maintained	  by	  the	  housing	  association.	  Inhabitants	  typically	  use	  the	  courtyard	  for	  socialising	  
and	   leisure,	   similar	   to	   the	   Tietgenskollegium	   in	   Copenhagen	   (see	   image	   below).	   Alike	   the	  
courtyard	  of	  the	  Tietgenskollegiet,	   the	  shared	  space	  of	  Embrace	   is	  semi-‐private	  and	   is	  also	  
designed	   for	   socialising	   and	   leisure.	   Additionally	   the	   shared	   space	   of	   Embrace	   allows	   for	  
shading,	  production	  of	  electricity,	  hot	  and	  cold	  water	  and	  food	  all	  through	  facilitated	  by	  the	  
weather	  shield.	  As	  energy	  and	  food	  is	  produced	  from	  the	  shared	  space,	  energy	  and	  cost	  can	  
be	   saved	   making	   it	   more	   affordable	   for	   the	   inhabitants.	   Moreover,	   the	   shared	   space	   of	  
Embrace	  implements	  a	  bioclimatic	  strategy	  which	  allows	  inhabitants	  to	  use	  the	  space	  for	  a	  
longer	   period	   throughout	   the	   year.	   See	   the	   Appendix	   -‐	   Technical	   Note	   on	   Sheltered	  
Microclimate	  for	  more	  detailed	  information.	  	  
 

 
LTR: shared space at Tietgenskollegium and 8-tallet in Copenhagen  23 

 
The	   8-‐tallet	   in	   Ørestad	   is	   an	   example	   of	   how	   private	   spaces	   such	   as	   gardens	   can	   subtly	  
transition	   into	   public	   spaces.	   In	   the	   example	   of	   8-‐tallet	   a	   smooth	   transition	   is	   created	   by	  
overhangs	  and	  separating	  wall	  elements	  semi-‐enclosing	  a	  part	  of	  the	  garden.	  The	  elements	  
enclose	  more	   at	   the	   facade	   and	   less	   towards	   to	   public	   space.	   Embrace	   creates	   a	   smooth	  
transition	  from	  semi-‐private	  space	  to	  private	  space	  by	  connecting	  the	  two	  by	  passages	  under	  
the	  balconies	  of	  the	  dwellings.	  
	  
Tina	  Saaby,	  the	  city	  architect	  of	  Copenhagen,	  explains	  the	  streets	  in	  front	  of	  the	  dwellings	  of	  
8-‐tallet	   are	   public	   space,	   but	   they	   are	   physically	   very	   close	   the	   the	   private	   areas	   of	   the	  
dwellings.	  Inhabitants	  and	  outsiders	  are	  interconnected,	  but	  a	  conflict	  arises	  	  as	  inhabitants	  
feel	  their	  privacy	  is	  being	  invaded.	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
23	  images	  (ltr)	  www.dac.dk,	  http://pfnphoto.com/	  	  
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In the modern city of today there are a lot of conflicts, but we 
should not be afraid to discuss [and address] these conflicts.  

Tina	  Saaby	  stresses	  that	  in	  order	  to	  address	  the	  conflict	  of	  invaded	  privacy	  it	  is	  important	  to	  
design	  in	  zones	  in	  order	  to	  create	  gradual	  transitions	  from	  private	  to	  public	  -‐	  which	  is	  lacking	  
at	  8-‐tallet.	  Tina	  Saaby	  explains	  that	  people	  who	  choose	  to	  live	  in	  cities	  choose	  to	  be	  a	  part	  of	  
the	  urban	  society,	  and	  thus	  have	  to	  be	  social.	  She	  addresses	  people	  living	  in	  cities:	  
 

You’re living in the city and not in the outskirts. Therefore you 
have to be connected with the people looking into the building. That 

is the good city. 

EMBRACE	   combines	   the	   best	   of	   Tietgenskollegium	   and	   8-‐tallet:	   it	   creates	   a	   shared	   space	  
accessible	   to	   all	   inhabitants	   of	   the	   community	   through	   a	   smooth	   transition	   from	   their	  
homes.	   Moreover,	   in	   contrast	   to	   both	   Tietgenskollegiet	   and	   8-‐tallet,	   EMBRACE’s	   shared	  
space	   is	  aimed	  at	  a	  small	  community,	  which	   is	  expected	  to	  create	  a	  more	  cohesive	  society	  
countering	   loneliness.	   The	   city	   architect	   of	   Copenhagen	   expresses	   EMBRACE	  would	   be	   an	  
inviting	  place	  for	  many	  in	  the	  following	  quote:	  

 
[EMBRACE] would be an urban space for everybody. It can be a 

lot of public activities such as school gardens and not only private 
houses.That can be fantastic area’s for green area’s 

 
 
EMBRACE	   creates	   an	   interconnected	   community.	   The	   weather	   shield	   embraces	   the	  
community.	  The	  separation	  of	  the	  weather	  shield	  from	  the	  thermal	  envelope	  is	  innovative	  in	  
the	  sense	  that	  it	  creates	  a	  sheltered	  garden	  with	  an	  extended	  comfortable	  season.	  
	  
The	  weather	  shield	  produces	  electricity	  from	  solar	  cells	  which	  are	  integrated	  into	  the	  south-‐
facing	   face	   of	   the	   weather	   shield.	   The	   weather	   shield	   can	   be	   build	   as	   a	   stand-‐alone	  
construction	   or	   can	   replace	   the	   roof	   of	   existing	   buildings.	   The	   weather	   shield	   creates	   a	  
climate	  adaptive	  area	  underneath:	  a	  buffer	  zone	  that	  tempers	  the	  outdoor	  climate.	  The	  area	  
will	  be	  used	  to	  create	  a	  communal	  space	  for	  the	  inhabitants,	  this	  community	  will	  consists	  of	  
private	  dwellings	  and	  communal	  spaces	  as	  described	  in	  the	  previous	  section.	  
	  
The	  separation	  of	  the	  weather	  shield	  and	  the	  thermal	  envelope	  gives	  the	  opportunity	  to	  use	  
new	  materials	   for	   the	   constructions.	   The	  weather	   shield	  only	  has	   to	  protect	   against	  wind,	  
water	  and	  snow.	  Therefore	  it	  can	  be	  made	  with	  light	  materials,	  allowing	  for	  a	  large	  span.	  The	  
thermal	   envelope	   (or	   dwellings)	   will	   be	   placed	   under	   the	   weather	   shield.	   The	   protection	  

05.5.2. INNOVATION IN ENGINEERING AND CONSTRUCTION  
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against	  wind	  and	  water	  allows	  for	  a	  more	  simple	  construction,	  with	  simple	  joints	  and	  fewer	  
thermal	  bridges	  as	  a	  result.	  
	  

 
The weathershield embracing the new community 

 
The	   figure	  above	  shows	  the	   implementation	  of	   the	  dwellings	  and	  the	  weather	  shield	  build	  
on	   top	   of	   an	   existing	   building.	   The	   size	   of	   the	   building	   is	   similar	   to	  many	   of	   the	   existent	  
buildings	   in	   Copenhagen.	   The	   roofs	   of	   existing	   buildings	   in	   Copenhagen	   are	   typically	   old,	  
poorly	   insulating	   and	  not	   occupied.	   In	   EMBRACE’s	   energy	   renovation	   strategy	   the	   existing	  
roof	   is	   removed	   and	   new	   dwellings	   are	   placed	   on	   top	   of	   the	   building.	   The	   dwellings	  with	  
their	  sheltered	  gardens	  and	  communal	  spaces	  will	  be	  covered	  by	  the	  weather	  shield,	  which	  
will	   protect	   from	   wind	   and	   rain	   and	   allow	   daylight	   to	   access	   the	   living	   spaces.	   The	  
implementation	  of	   such	   a	  weather	   shield	   embracing	   a	   community	  with	   light,	   comfort	   and	  
protection	   can	   be	   called	   an	   innovation	   as	   such	   a	  multi-‐functional	   weather	   shield	   has	   not	  
been	  built	  before.	  
	  
This	  construction	   is	   innovative	  because	   it	  places	  dwellings	  on	  rooftops,	  which	  were	  almost	  
not	  used	  to	  their	   full	  potential.	  These	  rooftops	  are	  typical	   in	   the	  middle	  of	   the	  city,	  where	  
the	   housing	   prices	   are	   steep	   and	   housing	   is	   high	   in	   demand.	   The	   dwellings	   will	   be	   well	  
insulated	  and	  have	  a	  good	  interior	  daylight,	  which	  are	  a	  seldom	  in	  old	  buildings	  in	  the	  middle	  
of	  the	  city.	  	  
	  
The	   weather	   shield	   will	   be	   shaped	   according	   to	   different	   criteria:	   compactness,	   daylight	  
conditions,	   energy	   production,	   shading	   and	   bioclimatic	   strategies.	   Therefore	   it	   will	   be	  
different	  at	  different	  locations.	  Under	  the	  weather	  shield	  dwellings	  are	  placed,	  these	  have	  to	  
fit	   the	   weather	   shield	   and	   create	   sheltered	   gardens	   in	   between.	   This	   is	   facilitated	   by	  
modularity	  of	  the	  construction	  elements	  for	  the	  dwellings	  and	  the	  weather	  shield.	  
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Adding	  a	  weather	  shield	  to	  an	  existing	  house	  is	  not	  a	  novel	  idea	  in	  Denmark.	  The	  following	  
pictures	   show	  a	   similar	  project	   located	   in	  Helsinge.	  This	  project	  has	  a	  greenhouse	  with	  an	  
area	  of	  600	  m2	  and	  a	  265	  m2	  house	  inside.	  	  The	  people	  living	  in	  the	  house,	  primary	  use	  the	  
sheltered	  space	  to	  grow	  plants,	  which	  typically	  grow	  in	  warmer	  regions	  than	  in	  Denmark.	  
 

 
A	  greenhouse	  attached	  to	  a	  house.24	  

 
The	   sheltered	   space	   in	   the	   EMBRACE	   project,	   will	   work	   different	   from	   the	   project	   seen	  
above.	  In	  EMBRACE	  the	  primary	  focus	  is	  to	  create	  a	  comfortable	  living	  space	  for	  inhabitants,	  
not	   to	   grow	   plants.	   This	   requires	   a	   different	   control	   for	   the	   interior	   climate,	   in	   EMBRACE	  
there	  shading	  and	  natural	  ventilation	  will	  be	  implemented	  to	  cool	  the	  sheltered	  space	  in	  the	  
cooling	  season.	  The	  sizes	  of	  the	  projects	  are	  very	  different.	  EMBRACE	  is	  more	  compact	  and	  
designed	  for	  densification	  of	  cities.	  	  
	  
The	  weather	  shield	  for	  EMBRACE,	  will	  be	  made	  of	  more	  sustainable	  materials	  and	  produce	  
energy	  with	  PV	  panels.	  Beside	  producing	  energy	  to	  the	  house	  the	  PV	  panels	  will	  also	  provide	  
the	  needed	  shading	  for	  dwellings	  in	  the	  summer	  time.	  A	  grid	  of	  PV	  panels	  will	  be	  placed	  on	  
the	  transparent	  roof	  of	  the	  weather	  shield.	  The	  amount	  of	  PV	  panels	  placed	  on	  the	  roof	  will	  
vary	  depending	  on	  the	  location	  of	  the	  house,	  to	  ensure	  the	  optimal	  daylight	  is	  reached	  with	  
a	  minimum	  of	  energy	  consumption.	  	  
 
Different	   solutions	   have	   been	   made	   in	   Copenhagen	   when	   renovating	   the	   roofs	   of	   the	  
existing	  buildings.	  A	  building	  block	  from	  Nørrebro	  chose	  to	  build	  a	  green	  garden	  instead	  of	  
renovating	   their	   existing	   roof,	   when	   it	   began	   to	   leak.	   The	   building	   block	   had	   a	   minor	  
courtyard	   and	   therefore	   they	   wanted	   to	   create	   a	   shared	   green	   area	   on	   the	   top	   of	   their	  
building.	  The	  project	  can	  be	  seen	  on	  the	  following	  pictures.	  	  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
24	  Bedrehjem	  June	  2012	  	  
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An	  apartment	  and	  green	  area	  on	  a	  rooftop	  in	  Copenhagen.25	  
 
This	   project	   is	   somehow	   similar	   to	   placing	   EMBRACE	   on	   existing	   rooftops.	   Both	   projects	  
attempt	  to	  create	  a	  shared	  space,	  but	  in	  EMBRACE	  a	  weather	  shield	  will	  protect	  against	  wind	  
and	   water	   and	   create	   a	   sheltered	   garden	   instead	   of	   an	   open	   space.	   Therefore	   EMBRACE	  
creates	  space	  which	   is	  usable	   for	  a	   longer	   time	  as	   it	  provides	  a	   tempered	  outdoor	  climate	  
which	  adds	  more	  value	  to	  the	  user,	  making	  the	   innovative	  character	  of	  the	  weather	  shield	  
more	  successful.	  
	  
When	  replacing	  old	  roofs	  with	  the	  new	  dwellings	  and	  the	  weather	  shield,	  new	  constructions	  
have	  to	  be	  made.	  Wooden	  floor	  elements	  will	  be	  placed	  on	  top	  of	  existing	  buildings	  acting	  as	  
the	  foundation	  for	  the	  new	  dwellings.	  This	  floor	  will	  be	  well-‐insulating	  and	  lower	  the	  energy	  
consumption	  for	  the	  existing	  building.	  	  

 
 
 
 

There	  are	  four	  main	  innovations	  in	  energy	  efficiency:	  (i)	  a	  community-‐wide	  energy	  efficiency	  
competition,	  (ii)	  a	  heat	  pump	  utilising	  waste	  heat	  from	  existing	  buildings,	  (iii)	  night	  radiative	  
cooling	  with	  unglazed	  solar	  collectors,	  and	  (iv)	  a	  demand	  controlled	  ventilation	  system.	  

A community-wide energy efficiency competition 
A	  behavioural	  science	  study	  by	  Laskey	  (2013)	  showed	  that	  the	  only	  effective	  message	  to	  get	  
people	  to	  improve	  their	  behaviour	  in	  order	  to	  save	  energy	  was:	  “Your	  neighbours	  are	  doing	  
better”26.	   By	  making	  people	  aware	   their	  neighbours	   are	   consuming	   less	   energy	  a	   sense	  of	  
competition	   is	  evoked,	   leading	   to	  a	   significant	  decrease	   in	  energy	  consumption	  which	  was	  
documented	  over	  the	  next	  year.	  The	  study	  by	  Laskey	  initiated	  a	  energy	  saving	  of	  2	  TWh	  the	  
year	  of	  2013	  in	  the	  US	  alone.	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
25	  http://www.dac.dk/da/dac-‐life/copenhagen-‐x-‐galleri/cases/taghave-‐birkegade/	  
26 Alex Laskey (2013) How behavioural science can lower your energy bill, TED2013, 
www.ted.com  

05.5.3. INNOVATION IN ENERGY EFFICIENCY 
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Example	  of	  energy	  consumption	  comparison27	  

	  
It	   is	   becoming	   more	   common	   to	   predict	   the	   performance	   of	   the	   indoor	   climate	   and	   the	  
energy	   balance	   of	   a	   new	   building,	   before	   it	   is	   build.	   However	   an	   investigation	   from	  
Australia28	  shows	   that	   the	  main	   problem	  now,	   is	   the	   user	   behavior.	   In	   this	   study	   the	   heat	  
consumption	  of	  290	  identical	  apartments	  were	  measured.	  The	  highest	  heating	  consumption	  
was	  up	  to	  20	  times	  higher	  than	  the	  lowest.	  	  
	  
Another	  study	  from	  TU	  Delft	  University	  shows	  the	  difference	  between	  the	  simulated	  energy	  
consumption	  and	   the	  actual	   consumption.	  The	   results	   can	  be	   seen	   in	   the	   following	   figure.	  
The	  figure	  shows	  little	  correlation	  between	  estimated	  and	  actual	  energy	  consumption.	  
	  

	  
Actual	  and	  expected	  energy	  consumption	  per	  dwelling29	  

	  
Therefore	  team	  DTU	  has	  designed	  a	  dwelling	  by	  first	  designing	  according	  to	  user	  behaviour.	  
The	   project	   EMBRACE	   designs	   a	   user	   behaviour	   by	   creating	   a	   society	   of	   sharing	   and	  
interaction	  where	  sustainable	  behaviour	  is	  stimulated.	  It	  is	  innovative	  to	  start	  by	  designing	  a	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
27	  Opower,	  Consistent	  impact	  across	  customers	  segments,	  www.opower.com	   	  
28	  Andersen	  R,	  Proceedings	  of	  Healthy	  Buildings	  2012,	  Brisbane,	  Australia	  
29	  Olivia	  Guerra	  Santín,	  Actual	  energy	  consumption	  in	  dwellings,	  TU	  Delft,	  2010	  
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user	   behaviour	   instead	   of	   designing	   a	   house,	   and	   then	   hope	   the	   users	   will	   behave	   as	  
planned.	  The	  cloud	  based	  control	  system	  and	  data	  collection	  is	  a	  subpart	  and	  supplementing	  
this	  main	  idea.	  
	  
Sharing	   water,	   electricity,	   and	   food	   within	   a	   community	   allows	   for	   reduction	   of	   energy	  
consumption.	   EMBRACE	   is	   added	   to	   existing	   buildings,	   and	   because	   EMBRACE	   has	   a	   large	  
area	   of	   PV	   modules	   it	   is	   able	   to	   share	   its	   surplus	   of	   electrical	   energy	   with	   the	   existing	  
community.	   This	   direct	   	   energy	   sharing	   and	   self	   consumption	   will	   reduce	   grid	   losses	   as	  
produced	  electrical	  energy	  does	  not	  have	  to	  be	  transported	  over	  long	  distances,	  but	  instead	  
it	  is	  consumed	  locally.	  	  
	  
A	   cloud-‐based	   House	   Management	   System	   allows	   residents	   to	   monitor	   their	   energy	  
production	  and	  consumption,	  enabling	  them	  to	  adapt	  their	  behavior	  in	  order	  to	  reduce	  their	  
own	  energy	  consumption.	  A	  competition	  between	  neighbours	   is	   initiated	  regarding	  energy	  
consumption	   and	   sustainable	   living.	   Households	   are	   informed	   of	   their	   level	   of	   energy	  
efficiency	   in	   relation	   to	   their	   neighbour.	   As	   a	   result	   a	   friendly	   form	   of	   competition	   is	  
implemented	  into	  the	  community	  -‐	  a	  game	  with	  the	  goal	  to	  reduce	  energy	  consumption.	  The	  
management	   system	   controls	   different	   terminals	   such	   as	   heating,	   ventilation,	   cooling	   and	  
lighting	  devices.	  	  
 

 
Cloud-based management system invokes an energy efficiency competition within the community 

 
The	   system	   is	   based	   on	   a	   so-‐called	   ‘’Cloud	   service	   system’’,	   which	   collects	   information	  
through	   routers	   placed	   in	   the	   dwellings.	   The	   Cloud	   controls	   two	   systems;	   an	   Intelligent	  
Home	  Control	  (IHC)	  and	  a	  Programmable	  Logic	  Controller	  (PLC)	  which	  allow	  the	  resident	  to	  
control	  and	  monitor	  his	  or	  her	  house	  from	  a	  Smartphone,	  Tablet	  or	  a	  Computer	  interface.	  An	  
exemplary	   interface	   is	   shown	   above.	   As	   a	   result	   energy	   intensive	   control	   servers	   can	   be	  
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saved	  and,	   instead	  the	  system	   is	  controlled	   from	  a	  so-‐called	  Server	  Farm	  with	  high	  energy	  
utilization.	  
	  
The	   house	   management	   system	   provides	   inhabitants	   with	   information	   on	   when	   there	   is	  
energy	  surplus	  that	  they	  can	  use	  allowing	  them	  to	  improve	  the	  overall	  energy	  consumption.	  
An	  example	  would	  be	  to	  use	  energy	  intensive	  equipment	  such	  as	  washing	  machines	  at	  peak	  
production	   hours.	   Many	   companies	   offer	   systems	   that	   allow	   the	   residents	   to	   control	  
different	   devices	   in	   the	   house,	   for	   example,	   the	   company	   Loxone30	  offers	   a	   system	   that	  
allows	   the	   residents	   to	   control	   alarms,	   lights,	   curtains	   and	   heat.	   The	   controllable	  
components	  on	  the	  ground	  floor	  of	  EMBRACE	  are	  shown	  below.	  
 

 
Exemplary interface indicating controllable components 

 
The	  control	  system	  in	  EMBRACE	  is	  innovative	  because	  only	  a	  router	  is	  located	  in	  the	  house	  
and	   and	   not	   a	   server.	   The	   server	   collects	   data	   of	   all	   the	   dwellings,	   using	   less	   energy	   per	  
dwelling.	   The	   IHC	   system	   in	   EMBRACE	   additionally	   gives	   the	   resident	   the	   opportunity	   to	  
monitor	   their	   energy	   consumption.	   The	   most	   innovative	   aspect	   of	   the	   system	   is	   a	   social	  
aspect	   is	   included	   in	   the	   program	   facilitating	   the	   sharing	   aspect	   of	   EMBRACE.	   As	   a	   result	  
residents	   have	   the	   opportunity	   to	   compete	   against	   others	   for	   being	   the	   most	   energy	  
efficient.	  The	  system	  will	  be	  able	  to	  provide	  residents	  with	  information	  about	  how	  they	  can	  
reduce	  their	  energy	  consumption,	  and	  thereby	  the	  system	  affects	  user	  behaviour.	  
	  

Heat pump utilising waste heat from existing buildings 
In	  the	  Nordhavn	  Case	  EMBRACE	  implements	  a	  exhaust	  heat	  pump	  which	  transfers	  heat	  from	  
air	   to	  water	   for	  both	  heating	  and	  domestic	  hot	  water.	   The	  pump	  utilises	  waste	  heat	   from	  
exhaust	   air	   from	   apartments	   below.	   Thermal	   solar	   collectors	   will	   not	   be	   installed	   in	  
Nordhavn	  Case,	  partially	  because	   their	  efficiency	   is	   too	   low	   in	  a	  Danish	  climate.	  Therefore	  
there	  is	  a	  demand	  for	  thermal	  energy.	  	  
	  
Many	  existing	  buildings	  in	  Copenhagen	  do	  not	  have	  a	  ventilation	  system	  with	  heat	  recovery;	  
heat	   is	   currently	  wasted.	   Therefore	   the	   exhaust	   heat	   pump	   utilises	  waste	   heat	   allows	   for	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
30 Loxone.com 
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low-‐tech	  energy	   savings.	  The	   idea	  of	  using	   the	  ventilations	  exhaust	   is	   far	   from	  new,	   it	  has	  
been	  attempted	   in	   the	   last	   century.	  However,	   it	   has	  been	  deemed	  as	   inefficient	   for	  many	  
years.	  New,	  more	  efficient	  heat	  recovery	  systems	  have	  been	  developed	  making	  exhaust	  heat	  
pumps	   more	   efficient.	   The	   new,	   more	   efficient,	   systems	   are	   typically	   designed	   for	   single	  
houses.	   Therefore,	   the	   implementation	   of	   the	   heat	   pump	   for	   community	   heating	   is	   new.	  
What	   is	   also	   new	   is	   that	   the	   system	   can	   provide	   flexibility	   in	   the	   electrical	   energy	  
consumption	  which	  is	  beneficial	  to	  a	  future	  smart	  grid.	  The	  	  exhaust	  heat	  pump	  is	  innovative	  
in	   the	   implementation	   on	   exhaust	   heat	   as	   has	   become	   efficient	   	   adds	   value	   to	   both	  
EMBRACE	  and	  the	  existing	  building.	  
	  
Values	   is	   added	   in	   terms	   of	   energy	   and	   cost	   savings,	   the	   energy	   savings	   reduce	   GHG-‐
emissions	  and	  therefore	  contribute	  to	  a	  more	  sustainable	  society.	  Energy	  savings	  that	  arise	  
from	  the	  WHRU	  can	  be	  shared	  amongst	   the	  symbiotic	  union	  of	  EMBRACE	  and	  the	  existing	  
building.	  	  
	  
Because	  the	  air	  from	  the	  ventilation	  system	  is	  typically	  warmer	  than	  the	  outdoor	  air,	  a	  larger	  
Seasonal	   Coefficient	   of	   Performance	   (SCOP)	   is	   achieved	   in	   comparison	   to	   a	   regular	   air	   to	  
water	  heat	  pump.	  In	  case	  of	  EMBRACE	  a	  SCOP	  of	  3.52	  (for	  an	  exhaust	  air	  temperature	  of	  22	  
degrees	  C)	  is	  achieved	  whereas	  a	  regular	  air	  to	  water	  heat	  pump	  normal	  only	  gets	  a	  SCOP	  of	  
3.1-‐3.2.	  Consequently	  savings	  around	   	  13-‐15%	  on	  energy	  bills	   for	  heating	  can	  be	  achieved.	  
See	  the	  Appendix	  -‐	  Technical	  Note	  on	  Exhaust	  Heat	  Pump	  for	  more	  information.	  

Night radiative cooling with unglazed solar collectors 
EMBRACE	  uses	  a	  night	  radiative	  cooling	  system,	  but	  compared	  to	  other	  systems	  this	  system	  
is	   simpler	   and	   cheaper.	   Radiant	   cooling	   is	   a	   fairly	   commonly	   used	   system.	   However,	  
traditional	  radiant	  cooling	  systems	  use	  glazen	  solar	  panels	  to	  absorb	  heat	  during	  the	  day	  and	  
emit	  heat	  at	  night	   to	   the	  cold	   radiant	   sky.	   Such	  a	   radiant	   cooling	   system	  has	   for	  example,	  
been	   used	   by	   Santa	   Clara	   University	   in	   the	   Radiant	   House	   in	   the	   U.S.	   Solar	   Decathlon	   in	  
2013.	   Innovative	  about	   the	  EMBRACE’s	   solution	   is	   that	  unglazed	   solar	   collectors	   are	  used.	  
This	  solution	  is	  cheaper	  than	  the	  traditional	  system	  and	  is	  still	  effective	  as	  a	  cooling	  system.	  
There	   is	  no	  substantial	  cooling	  demand	  in	  the	  Nordhavn	  case,	  therefore	  no	  radiant	  cooling	  
system	   has	   been	   implemented.	   However	   the	   showcase	   dwelling	   of	   EMBRACE	   that	  will	   be	  
exhibited	   in	   Versailles	   does	   require	   a	   cooling	   system.	   The	   radiant	   cooling	   system	   for	   the	  
Versailles	  case	  does	  not	  contain	  glass	  to	  retain	  heat	  as	   in	  a	  thermal	  solar	  panel.	  Therefore,	  
the	  solution	  will	  not	  be	  used	  for	  heating	  but	  only	  cooling.	  As	  the	  system	  is	  cheaper	  than	  the	  
traditional	   cooling	   system	   it	   contributes	   to	   a	   more	   cost-‐effective	   design	   and	   product.	  
Moreover,	   glazed	  panel	  are	   considered	   to	  have	  a	   larger	   LCA	   impact	   than	  unglazed	  panels.	  
Please	  refer	  to	  the	  Appendix	  -‐	  Technical	  note	  on	  Heating	  and	  Cooling	  Production	  for	  more	  
information.	  	  
	  

Demand controlled ventilation 
Automatic	   demand	   control	   of	   both	   mechanical	   and	   natural	   ventilation	   and	   heating	   and	  
cooling	  is	  implemented	  in	  the	  IHC,	  allowing	  for	  direct	  user	  interaction	  between	  their	  manual	  
and	  automatic	  climate	  systems.	   In	  order	   to	  keep	  the	  high	  air	  quality	   level	   required	   for	   the	  
desired	   indoor	   climate	   class,	   high	   ventilation	   rates	   are	   required	   compared	   to	   normal	  
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residential	  ventilation.	  This	  is	  especially	  due	  to	  the	  house	  being	  small	  and	  with	  a	  low	  ceiling	  
height,	  while	  still	  having	  the	  typical	  residential	  pollution	  sources.	  The	  high	  ventilation	  rates	  
accounted	  for	  a	  very	  large	  part	  of	  the	  heat	  loss	  and	  it	  was	  therefore	  decided	  to	  implement	  
demand	  control	   ventilation	  with	  different	   fan	   speeds	   to	   save	  energy	   in	  especially	  daytime	  
where	  no	  people	  may	  be	  present.	  The	  savings	  compared	  to	  constant	  operation	  is	  65	  %.	  The	  
additional	   components	   required	   to	   do	   this	   do	   not	   increasing	   the	   price	   of	   the	   ventilation	  
significantly.	  Therefore	  the	  demand	  controlled	  ventilation	  system	  is	  a	  successful	  innovation.	  

	  
EMBRACE	  has	  been	  a	  result	  of	  open	  innovation:	  an	  integrated	  design	  process	  where	  industry	  
practitioners	  are	  involved	  in	  the	  early	  design	  process	  together	  with	  an	  interdisciplinary	  team	  
where	  all	  disciplines	  share	  the	  decision	  making	  power.	  The	  sharing	  of	  decision	  making	  power	  
is	  necessary	  in	  order	  to	  reach	  a	  holistically	  satisfying	  design.	  	  The	  innovations	  that	  have	  been	  
developed	  add	  value	  not	  only	  to	  the	  user,	  but	  also	  to	  other	  stakeholders	  such	  as	  the	  society	  
and	   the	   rest	   of	   the	   world.	   This	   is	   how	   sustainable	   design	   and	   successful	   innovations	   are	  
achieved.	  
	  
The	   general	   public	   is	   attracted	   through	   multiple	   media	   such	   as	   facebook,	   twitter	   and	  
youtube.	   Additionally	   the	   team	   developed	   an	   information	   platform	   to	   gather	   interesting	  
aspects	  of	  the	  projects	  of	  Solar	  Decathlon.	  The	  information	  will	  be	  organised	  in	  a	  structured	  
manner	  allowing	  all	  to	  read	  about	  all	  the	  different	  versions	  of	  Solar	  Decathlon	  (U.S.,	  Europe,	  
China	   and	   Latin	   America).	   The	   information	   is	   added	   and	   edited	   as	   in	   any	  Wiki:	   by	   users.	  
Team	   DTU	   simply	   provides	   the	   platform,	   examples	   and	   inspiration.	   A	   wiki-‐page	   will	   be	  
created	   for	   each	   of	   the	   teams	   and	   the	   teams	  will	   be	   invited	   to	   add	   information	   on	   their	  
project.	   The	   dummy	   can	   be	   accessed	   through	  
http://solardecathlon.wikia.com/wiki/Solar_Decathlon_Wiki.	   In	   general	   the	   information	  
about	   SD	   is	   spread	   across	   many	   websites.	   Accessing	   information	   from	   different	   Solar	  
Decathlon	   editions,	   teams	   and	   projects	   is	   made	   difficult	   resulting	   in	   a	   lack	   of	   sharing	  
valuable	  information.	  The	  micro-‐wiki's	  are	  suitable	  for	  collecting	  information	  about	  specific	  
subject.	   The	   innovation	   lies	   in	   the	   fact	   that	  more	   knowledge	   about	   sustainable	   living	   and	  
architecture	  is	  spread	  to	  a	  wider	  audience	  leading	  to	  the	  spreading	  of	  the	  message	  “sharing	  
is	  caring”.	  
	  
A	  more	   specific	   audience	   of	   industry	   practitioners	   related	   to	   the	   field	   of	   architecture	   and	  
engineering	   is	   reached	  through	  Linkedin	  as	  well	  as	  events	  such	  as	   the	  Sustainable	  Building	  
Conference	   in	  Munich,	   the	   Innovation	   Day	   at	   DTU	   and	   the	   Green	   Building	   Conference	   in	  
Copenhagen.	   At	   the	   latter	   two	   EMBRACE	   was	   presented	   by	   students	   and	   potential	  
stakeholders	   were	   involved.	   These	   events	   are	   representative	   for	   how	   closely	   Team	   DTU	  
collaborates	  with	   industry	  practitioners	   in	  order	  to	   innovatively	   implement	  technologies	  or	  
even	  develop	  entirely	  new	  technologies.	  One	  of	  the	  new	  and	  innovative	  technologies	  are	  the	  
PV	  panels	  on	  the	  weather	  shield	  with	  a	  specific	  pattern	  for	  PV	  cells.	  	  

05.5.4. INNOVATION IN COMMUNICATION AND SOCIAL 
AWARENESS: 
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Additionally	   the	   design	   itself	   stimulates	   social	   awareness	   through	   its	   sustainable	   image.	  
EMBRACE’s	   sharing	   concept	   will	   make	   the	   visitor	   aware	   of	   the	   advantages	   of	   sharing.	  
Through	   the	   tours	   visitors	   will	   realise	   there	   is	   a	   large	   need	   for	   sharing	   because	   of	   our	  
currently	   large	   impact	   on	   the	   environment.	   When	   realised	   as	   a	   community	   EMBRACE	  
invokes	   energy	   efficiency	   competitions	   between	   different	   households.	   An	   interface	   shows	  
you	  your	  energy	  consumption	  in	  relation	  to	  your	  neighbours.	  It	  even	  provides	  you	  with	  input	  
on	  how	  to	   improve	  your	  energy	  consumption.	  This	  allows	  you	  to	  be	  more	  sustainable	  and	  
save	  money	  at	  the	  same	  time.	  A	  preliminary	  interface	  for	  the	  energy	  competition	  is	  shown	  
below.	  
 

 
Interface indicating a households sustainability score and energy consumption  
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EMBRACE	  densifies	  and	  diversifies	  cities	  by	  adding	  a	  new	  community	  to	  an	  existing	  one.	  
	  

 
Social diversification through densification 

05.5.5.1. INNOVATION IN URBAN DESIGN 
Urban	   sprawl	   is	   a	   phenomenon	   that	   has	   long	   affected	   the	   way	   we	   live.	   Urban	   sprawl	  
involves	   the	   increased	   development	   of	   cities	   outside	   their	   respective	   urban	   centers31.	  
Accompanied	  by	   this	  decrease	   in	  urban	  density	   is	   the	  development	  of	   infrastructure	   since	  
urban	   sprawl	   is	   typically	   correlated	   to	   increased	   motorized	   travelling 32 .	   As	   such	   the	  
phenomenon	   of	   urban	   sprawl	   results	   in	   a	   higher	   environmental	   impact	   because	   of	   GHG	  
emission	  and	  energy	  consumptions	  for	  travelling	  and	  building	  infrastructure.	  
	  
Recent	  attempts	  to	  halt	  the	  urban	  sprawl	  and	   improve	  urban	   livability	  have	  been	  made	  by	  
the	   development	   of	   concepts	   such	   as	   smart	   growth,	   compact	   cities	   and	   healthy	  
communities33	  34.	  Moreover,	  the	  European	  Commission	  has	  promoted	  the	  ‘compact	  city’	  on	  
energy	  and	  quality-‐of	   life	  grounds35.	  Yet,	  when	  densifying	  cities	  one	  must	  be	  aware	  of	   the	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
31 	  Cornell	   University	   Deparment	   of	   Development	   Sociology,	   http://cardi.cornell.edu/	   retrieved	  
7/10/2013	  
32	  Kenworth,	   J.	   2006.	   The	   eco-‐city:	   ten	   key	   transport	   and	   planning	   dimensions	   for	   sustainable	   city	  
development.	  
33	  Neumann,	  M.	  2005	  The	  Compact	  City	  Fallacy.	  ,Sage	  Publications	  
34	  Chapman	  &	  Hall.	  1996	  The	  search	  for	  the	  sustainable	  city	  in	  20th	  century	  urban	  planning	  
35	  European	  Environment	  Agency,	  http://www.eea.europa.eu/,	  retrieved	  7/10/2013	  

05.5.5. INNOVATION IN URBAN DESIGN, TRANSPORTATION 
AND AFFORDABILITY  
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compact	   city	  paradox,	   referring	   to	   the	   inverse	   relation	  between	   the	   sustainability	  of	   cities	  
and	  their	  	  liveability36.	  	  
	  
EMBRACE	   is	  a	   renewed	  version	  of	   the	  cooperative	  housing	   typology	  allowing	  modern	   low-‐
income	   households	   to	   have	   a	   high	   quality	   life	   by	   enjoying	   the	   advantages	   of	   living	   in	   a	  
community.	   Compared	   to	  existing	   cooperative	  housing	  EMBRACE	  allows	   for	  more	   sharing:	  
that	   of	   space	   and	   resources.	   Interactions	   are	   stimulated	   through	   sharing	   and	   exchanging	  
these	   resources.	  Social	   relations	  are	  strengthened	  by	  an	  energy	  consumption	  competition.	  
The	  sharing	   is	  made	  successful	  by	  controlling	   the	  size	  of	   the	  community	  as	  social	   relations	  
must	  be	  able	  to	  be	  maintained	  within	  the	  community.	  
 
EMBRACE	  can	  be	  added	  on	  top	  of	  existing	  buildings.	  It	  has	  been	  estimated	  	  that	  Copenhagen	  
has	  329.000	  square	  meters	  of	  potential	  rooftop	  housing	  square	  meters37.	  As	  EMBRACE	  can	  
be	   integrated	   into	   the	   urban	   fabric	   it	   continues	   on	   the	   recent	   trend	   of	   designing	   more	  
compact	  and	  healthy	  cities.	   In	  ensuring	  the	   liveability	  of	   the	  city	  the	  urban	  design	  strategy	  
for	  EMBRACE	  involves	  sharing	  daylight	  as	  a	  common	  resource	  within	  the	  community.	  It	  gives	  
space	  back	   to	   the	   city	   as	   the	   communal	   space	   is	   connected	   to	   the	  existing	  building	  block.	  
Tina	   Saaby,	   the	   city	   architect	   of	   Copenhagen,	   states	   that	  many	   rooftops	   currently	   do	   not	  
meet	  desires	  and	  standards	  for	  indoor	  comfort	  and	  energy	  efficiency	  and	  that	  is	  why	  the	  city	  
currently	  provides	  financial	  support	  for	  energy	  renovations.	  She	  talks	  about	  rooftops:	  
 

There is a lot of unused space, in that way is this [EMBRACE] 
really interesting and we have quite a lot of focus on how we 
can make the city more dense by using the rooftops. 

 
Three	  energy	  renovation	  strategies	  have	  been	  developed	  on	  the	  urban	  scale.	  EMBRACE	  can	  
be	  build	  on	  top	  of	  different	  existing	  buildings	  or	  built	  on	  abandoned	   lots.	  As	  a	  result	  more	  
people	   are	   able	   to	   benefit	   from	   the	   qualities	   of	   urban	   life.	   Since	   the	   design	   can	   be	  
implemented	   in	  different	  ways	  the	  target	  market	   is	  enlarged,	   this	   improves	  the	  viability	  of	  
the	  product,	  allowing	  for	  the	  diffusion	  (or	  spreading)	  of	  innovation.	  	  
	  
 
 
 
 
 
 
 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
36	  Wiersinga,	  W.	  1997.	  Compensation	  as	  a	   strategy	   for	   improving	  environmental	  quality	   in	   compact	  
cities.	  Amsterdam:	  Bureau	  SME.	  
37 P. 5, Engdam & Clausen: Udnyttelse af eksisterende københavnske bytage 
37 
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19th century housing 20th century rural 
housing 

19th and 20th century 
factory buildings 

	  

Three energy renovation strategies	  

 
The	  first	  strategies	  in	  reducing	  the	  impact	  on	  the	  environment	  is	  conserving.	  	  By	  allowing	  for	  
flexibility	  of	  spaces	  and	  by	  sharing	  spaces	  with	  your	  neighbour	  EMBRACE	  enables	  you	  to	  live	  
in	   a	   small	   dwelling	  with	  a	  high	  quality	  of	   living.	   You	  decide	  what	   you	  are	  willing	   to	   share.	  
Allow	  yourself	  to	  use	  what	  you	  want	  without	  having	  the	  obligation	  to	  maintain	  or	  to	  buy	  it.	  	  
	  
Imagine	  not	   just	  having	  your	  own	  balcony,	  but	   to	  also	  having	  a	   sheltered	  garden	  of	  which	  
you	   can	   decide	  what	   to	   do	  with	   it.	   Share	   it	  with	   your	   neighbours	  when	   you	   are	   having	   a	  
party.	  Close	  the	  outdoor	  space	  off	  when	  you	  are	  having	  an	  intimate	  moment.	  By	  allowing	  for	  
this	  degree	  of	  choice	  the	  target	  market	  grows	  and	  the	  product	  becomes	  more	  viable.	  	  

05.5.5.2. INNOVATION IN TRANSPORTATION 
In	   the	  year	  of	  2012	  over	   two	  hundred	   thousand	  people	  worked	   in	   the	  city	  of	  Copenhagen	  
but	   live	  outside	  of	   the	  city38.	  On	  average	  people	  who	  work	   in	  Copenhagen	  travel	  37.8	  km.	  
People	  who	  live	  in	  Copenhagen	  only	  travel	  24.4	  km	  per	  day	  on	  average.	  This	  indicates	  there	  
is	   a	   large	   group	   of	   commuters	   who	  might	   be	   interested	   in	   moving	   to	   the	   city	   if	   housing	  
desires	  are	  met.	  As	   travelling	  distances	  decrease	   it	  becomes	  more	   likely	   for	  commuters	   to	  
take	  more	  sustainable	  means	  of	  transport	  such	  as	  trains	  of	  bikes.	  	  
	  
EMBRACE	   is	  designed	  to	  stimulate	  further	  densification	  and	  diversification	  of	  cities	  regions	  
by	  attracting	  low	  to	  middle	  incomes.	  The	  quality	  of	  having	  low	  to	  middle	  income	  households	  
live	   in	   an	   urban	   context	   includes	   having	   access	   to	   easy	   transportation,	  which	   is	   especially	  
important	  for	  low	  income	  households.	  	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
38 http://www.statistikbanken.dk/ 210 783 people live in the outskirts of Copenhagen but work in the city 



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Innovation	   234	  

	  

The	  characteristics	  that	  make	  EMBRACE	  an	  innovative	  urban	  concept	  include	  that	  it	  is	  fit	  to	  
be	   implemented	   throughout	   the	   entire	   city	   of	   Copenhagen.	   Creating	   multiple	   EMBRACE	  
communities	  throughout	  Copenhagen	  will	  result	   in	  an	  interconnected	  grid	  of	  communities.	  
The	   inhabitants	   of	   such	   communities	   can	   share	   vehicles,	   knowledge	   and	   skills	   among	  
communities.	  	  
	  
The	   transportation	   innovation	   of	   EMBRACE	   lies	   in	   the	   sharing	   of	   transportation	   vehicles	  
within	   a	   community	   and	   among	   different	   communities.	   The	   sharing	   of	   transportation	  
vehicles	  has	  been	  attempted	  before,	  but	  mainly	  on	  a	  larger	  scale	  where	  users	  of	  the	  vehicles	  
feel	   very	   little	   relation	   and	   thus	   responsibility	   for	   the	   vehicles.	   The	   EMBRACE	   community	  
concept	   design	   is	   based	   on	   the	   hypothesis	   that	   smaller	   communities	   of	   ten	   to	   twenty	  
households	   would	   feel	   more	   ownership	   of	   the	   vehicles	   and	   would	   therefore	   take	   more	  
responsibility	   for	   it.	   Analogue	   to	   the	   social	   pressure	   leading	   to	   the	   reduction	   of	   energy	  
consumption	  through	  an	  energy	  efficiency	  competition,	  similar	  effectiveness	  is	  expected	  for	  
a	  smaller	  scale	  shared	  vehicle	  concept.	  	  	  
	  
The	   close	   relation	   between	   the	   Copenhagen’s	   spirit	   of	   cycling	   and	   the	   EMBRACE	   concept	  
could	  be	  well	   integrated	  as	  both	  stimulate	   interpersonal	   interaction.	  As	   the	   transportation	  
system	   will	   be	   managed	   through	   a	   cloud-‐based	   management	   system	   the	   EMBRACE	  
communities	  can	  be	  used	  to	  collect	  information	  on	  user	  behaviour	  and	  commuting	  patterns.	  
EMBRACE	  allows	  for	  the	  analysing	  of	  the	  evolution	  of	  transport	  with	  new	  techniques	  like	  GIS	  
“Geographic	   Information	  System”	  to	  study	  the	   interaction	  between	  transport	  systems,	  city	  
needs,	   individual	   and	   public	   demands.	   Such	   an	   information	   system	   collects	   data	   on	   the	  
relation	  between	  type	  of	  mobility	  and	  factors	  such	  as	   lifestyle,	   type	  of	   trips,	  distances	  and	  
times.	  As	  a	  result	  new	  behavioural	  patterns	  can	  be	  recognised	  which	  have	  the	  potential	  of	  
improving	   the	   efficiency	   of	   transportation	   system.	   Such	   improvements	   may	   lead	   to	   cost	  
reduction,	  improved	  quality	  and	  reduced	  environmental	  impact	  of	  transportation	  systems.	  
 
The	   model	   of	   Christaller	   (shown	   below)	   is	   derived	   from	   the	   theory	   of	   central	   places;	   it	  
describes	  three	  different	  approaches:	  economic,	  space	  and	  transportation.	  Copenhagen	  city	  
centre	  represent	  the	  central	  point	  while	  all	   the	  districts,	  Norrebro,	  Osterbro	  etc.	  represent	  
surrounding	  districts.	  This	  system	  could	  help	  us	  to	  understand	  the	   impact	  on	  the	  transport	  
system.	  
 

 
Interconnectivity	  of	  districts	  in	  the	  models	  Christaller	  
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The	  theory	  separates	  centre	  and	  peripheries,	  meaning	  the	  centre’s	  mainly	  role	  is	  supplying	  
goods	   and	   services,	  while	   the	   suburbs	  mainly	   provide	   demands	   from	   the	   population.	   This	  
creates	   a	   relation	   between	   the	   city	   centre	   and	   the	   different	   districts	   and	   a	   second	   one	  
between	  the	  districts	  themselves.	  	  
	  
In	  the	  EMBRACE	  case,	  this	  theory	  has	  to	  be	  considered	  and	  implemented	  in	  order	  to	  create	  
an	  interconnected	  community.	  It	  is	  important	  to	  remember	  that	  the	  more	  EMBRACES	  will	  be	  
created,	   the	   larger	   the	   possibility	   will	   be	   to	   create	   a	   strong	   and	   reliable	   system	   of	  
transportation	  facilities.	  It	  is	  based	  on	  the	  economic	  principle	  that	  if	  there	  are	  more	  people	  
joining	  the	  project,	  it	  can	  provide	  a	  more	  efficient	  and	  more	  advanced	  technological	  system,	  
decreasing	  the	  starting	  and	  running	  costs.	  	  
	  
Bikes	  are	  an	  excellent	  solution	  to	  realize	  this	  type	  of	  transport	  interconnection,	  in	  fact	  there	  
could	  come	  out	  many	  benefits	  for	  the	  EMBRACE	  community.	  The	  starting	  point	  is	  to	  create	  a	  
private	   bike	   sharing	   between	   the	   people	   of	   the	   community.	   Each	   EMBRACE	   community	  
would	   have	   a	   bike	   spot,	   where	   the	   bike	   are	   stored	   and	   taken.	   Each	   station	   would	   be	  
accessible	   using	   a	   special	   card	   that	   could	   lock	   or	   unlock	   the	   bike.	   Everything	   will	   be	  
registered	  in	  an	  e-‐hub	  or	  an	  app,	  where	  everyone	  can	  track	  the	  position	  of	  the	  bikes	  and	  can	  
see	  if	  there	  are	  any	  bikes	  available.	  	  
 
The	  more	  the	  EMBRACE	  communities	  arise	  throughout	  the	  city,	  the	  easier	  it	  will	  be	  to	  find	  
other	  spots;	  this	  will	  lead	  to	  create	  a	  specific	  grid,	  that	  will	  be	  always	  evolving,	  because	  other	  
community	  spots	  will	  rise.	  The	  idea	  could	  be	  to	  start	  from	  the:	  5-‐minutes-‐walk	  principle;	  this	  
means	  that	  in	  five	  minutes	  of	  walking,	  the	  user	  should	  be	  able	  to	  find	  another	  spot	  to	  use.	  
The	   increase	  of	   the	  number	  of	   EMBRACES	  will	   lead	   to	   shorter	   time	  of	   connections	  and	   to	  
more	   number	   of	   stations	   and	   this	   will	   be	   absolutely	   a	   benefit.	   A	   contractor	   that	   will	   be	  
chosen	   to	   restore	   and	   fix	   the	   bikes	   and	   it	  will	   always	   guarantee	   the	   bikes’	   efficiency.	   The	  
occupants	  of	  the	  community	  will	  pay	  a	  monthly	  fee	  for	  the	  service.	  

05.5.5.3. INNOVATION IN AFFORDABILITY 
The	  current	  trend	  of	  Danes	  moving	  to	  the	  cities	  raises	  the	  prices	  for	  housing	  in	  dense	  areas.	  
Therefore	  there	  is	  a	  need	  for	  affordable	  dwellings	  in	  those	  dense	  areas.	  EMBRACE	  provides	  
such	  a	  densification	  solution	  by	  building	  on	  top	  of	  existing	  building.	  	  
	  
EMBRACE’s	   innovation	   in	   affordability	   is	   threefold	   and	   can	   be	   described	   as	   small,	   share,	  
adapt.	   The	   first	   innovation	   is	   a	   new	   living	   concept	  where	   the	   dwelling	   itself	   can	   be	   small	  
because	  of	  a	   large	  degree	  of	   sharing	  additional	   flexible	   space	  among	  multiple	  households.	  
The	   second	   innovation	   involves	   additional	   affordability	   benefits	   from	   the	   sharing	   concept	  
reducing	   daily	   costs	   for	   households.	   The	   third	   innovation	   in	   affordability	   is	   the	   climate	  
adaptability	   of	   EMBRACE	   allowing	   for	   a	   wider	   implementation	   of	   the	   EMBRACE	   concept,	  
allowing	  for	  savings	  through	  standardisation.	  
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Small 
EMBRACE	   is	  designed	   for	  affordability	  as	   the	  conditioned	  dwelling	   is	   small	  making	   it	  more	  
affordable	  through	  reduction	  in	  building	  materials	  and	  use	  of	  smaller	  and	  simpler	  systems.	  A	  
smaller	   volume	   has	   to	   be	   conditioned	   presenting	   energy	   savings	   as	   a	   result.	   The	   sharing	  
space	   concept	  where	   a	   small	   dwelling	   is	   a	   part	   of	   a	   larger	   community	  with	   shared	   spaces	  
allows	  for	  the	  reduction	  in	  cost	  by	  building	  a	  small	  dwelling.	  	  
	  
EMBRACE	   can	   be	   build	   small	   whilst	   providing	   adequate	   living	   space	   thanks	   to	   the	   shared	  
communal	   space	   and	   the	   sheltered	   garden.	   The	   sheltered	   garden	   has	   an	   extended	  
comfortable	  climate,	  facilitated	  by	  the	  multifunctional	  weather	  shield.	  The	  separation	  of	  the	  
dwelling	   and	   the	  weather	   shield	   allows	   for	   a	   simplification	   of	   the	   design;	   the	   dwelling	   no	  
longer	  has	  to	  be	  able	  to	  withstand	  water,	  snow	  or	  wind	  loads.	  The	  weather	  shield	  only	  has	  
to	  focus	  on	  sheltering.	  	  
	  
The	   size	   of	   the	   dwellings	   is	   large	   enough	   to	   fulfill	   the	   space	   requirements	   for	   a	   family	   as	  
indicated	   in	   the	   architecture	   narrative.	   Additional	   	   functions	   such	   as	   a	   common	   space	   by	  
multiple	   households	   allowing	   the	   occupants	   to	   use	   the	   areas	   when	   needed.	   The	   sharing	  
space	   strategy	   results	   in	   fewer	   unused	   square	  meters,	   providing	   the	   occupant	  with	  more	  
value	  for	  money.	  

Share 
Through	   the	   concept	   of	   sharing	   additional	   savings	   can	   be	   achieved.	   When	   EMBRACE`s	  
occupants	   share	   vehicles	   such	   as	   bikes	   they	   can	   share	   the	   costs	   as	   well.	   One	   of	   the	   key	  
concepts	   for	   the	   EMBRACE	   community	   is	   the	   sharing	   of	   food,	   space,	   knowledge,	   skills,	  
hobbies	  and	  time.	  A	  digital	  exchange	  platform	  will	  allow	  households	  to	  become	  specialists	  in	  
something	  they	  are	  good	  at.	  	  
	  
Perhaps	   household	   A	   enjoys	   growing	   fruits	   and	   vegetables,	   and	   has	   knowledge	   on	   fixing	  
bikes.	  These	  resources	  can	  be	  shared	  through	  the	  exchange	  platform	  with	  household	  B	  for	  
help	  with	  the	  computer	  and	  perhaps	  a	  few	  fish.	  Aside	  from	  the	  socialising	  aspect	  households	  
benefit	  in	  the	  sense	  that	  they	  can	  buy	  fewer	  expensive	  goods	  and	  have	  to	  pay	  fewer	  experts	  
as	   they	  are	  able	   to	   trade	   themselves.	   It	   should	  be	  mentioned	   that	   these	  communities	   can	  
never	  become	  fully	  self-‐sustainable	  they	  can	  never	  host	  all	  knowledge,	  skill	  and	  production	  
capacity.	  Moreover	  a	   fully	  self-‐sustainable	  community	  would	  not	  be	  desirable	  as	  complete	  
self-‐sustaining	  would	  isolate	  such	  communities	  from	  the	  rest	  of	  society.	  	  
	  
The	  sharing	  system	  will	  stimulate	  households	  to	  become	  more	  and	  more	  productive	  in	  both	  
resources	   and	   skill	   as	   households	   can	   see	   the	   immediate	   value.	   The	   advantages	  of	   such	   a	  
self-‐sustaining	  society	  include	  the	  reduction	  of	  living	  costs	  for	  households	  contributing	  to	  an	  
affordable	  design.	  	  

Adapt 
The	  separation	  of	  the	  weather	  shield	  and	  the	  thermal	  envelope	  of	  the	  dwelling	  allows	  for	  a	  
modular	  design	  making	  EMBRACE	  adaptable	  throughout	   its	   lifetime.	   	  The	  adaptability	  adds	  
to	  the	  affordability	  strategy	  as	  it	  extends	  the	  lifetime	  of	  the	  dwelling.	  
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Climate	   adaptability	   allows	   the	   house	   to	   address	   a	   large	   market.	   Climate	   adaptability	   is	  
mainly	  facilitated	  through	  the	  adaptability	  of	  the	  weather	  shield.	  The	  weather	  shield	  consists	  
of	  modular	  components	  that	  can	  be	  altered	  for	  different	  climates.	  The	  system	  is	  innovative	  
as	  it	  integrates	  multiple	  technologies	  into	  one	  construction	  layer.	  The	  Versailles	  design	  case	  
integrates	  semi-‐transparent	  PV	  panels,	  shading	  devices,	  windows	  and	  thermal	  panels	  all	  into	  
on	  weather	  shield.	  The	   integration	  of	  multiple	   technologies	   into	  the	  weather	  shield	  comes	  
with	   simplification	   which	   together	   with	   modularity	   and	   prefabrication	   allows	   for	   cost	  
reduction.	  	  

	  
 
 
 

Our	   society	   has	   become	   one	   of	   overconsumption	   and	   a	   high	   environmental	   impact.	   For	  
every	  garbage	  can	  we	  put	  out	  on	  the	  street,	  tens	  of	  garbage	  cans	  are	  produced	  upstream	  to	  
produce	  that	  one	  garbage	  can.	  Buildings	  and	  the	  way	  we	  live	  are	  largely	  responsible	  for	  this	  
overconsumption	  and	  high	  environmental	  impact.	  
	  
EMBRACE	   counters	   the	   phenomenon	   of	   overconsumption	   and	   reduces	   the	   environmental	  
impact	  by	  partially	  sustaining	   itself.	  EMBRACE	  is	  designed	  to	  create	  a	  nearly	  self-‐sustaining	  
community	  which	  entails	  the	  community	  grows	  its	  own	  food,	  has	  its	  own	  shared	  space	  such	  
as	  parks	  and	  maintains	  its	  own	  social	  relations.	  Such	  a	  community	  is	  similar	  to	  ecovillages	  in	  
the	  sense	  that	  it	  reduces	  the	  amount	  of	  travelling	  as	  well	  as	  the	  producing	  and	  shipping	  of	  
products.	  As	  a	  result	  costs	  for	  travelling	  and	  products,	  as	  well	  as	  GHG-‐emissions	  are	  reduced.	  
Since	  such	  communities	  are	  designed	  to	  densify	  cities,	  new	  living	  units	  are	  located	  in	  popular	  
areas	  meaning	  the	  selling	  price	  can	  be	  higher	  than	  when	  built	  in	  a	  rural	  area.	  
	  
The	   innovation	  potential	  of	   the	  sharing	  concept	  allows	   for	   the	  sharing	  of	  more	   than	   just	  a	  
garden	  and	  the	  growing	  of	  vegetables.	  The	  sharing	  within	  a	  small	  community,	  allows	  for	  the	  
sharing	   of	   internet,	   tools,	   bikes,	   kitchen,	   garden,	   facilities,	   activity	   and	   even	   skills	   and	  
knowledge.	   This	   high	   degree	   of	   sharing	   stimulates	   an	   interactive	   environment;	   allowing	  
users	   to	   define	   their	   environment	   and	   make	   it	   their	   own.	   Diversity	   is	   stimulated	   on	   a	  
community	  level	  which	  is	  expected	  to	  contribute	  to	  the	  overall	  quality	  of	  the	  community.	  
	  
EMBRACE’s	   rooftop	   community	   produces	   food	   locally	   through	   the	   so-‐called	   hydroponics	  
hydroculture.	   Food	   is	   produced	   locally	   allowing	   for	   local	   consumption,	   thus	   reducing	   the	  
amount	   of	   waste.	   Imagine	   picking	   a	   tomato	   and	   fresh	   basil	   from	   your	   garden	   instead	   of	  
having	  to	  run	  through	  the	  rain	  to	  the	  supermarket.	  The	  innovation	  lies	  in	  the	  fact	  that	  food	  
can	  be	  shared	  within	  a	  community	   improving	  efficiency	  of	  production	  as	  well	  as	   improving	  
social	  relations.	  The	  sharing	   is	  facilitated	  by	  common	  areas	  and	  the	  sharing	  space	  principle	  
as	  described	  in	  the	  innovation	  in	  architecture	  section.	  

05.5.6. INNOVATION IN SUSTAINABILITY 
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The EMBRACE community is partially self-sustaining through the sharing of space, fruits, vegetables, 

herbs, skills, energy, internet, tools, activities, and knowledge. 
 

 
A	  large	  portion	  of	  greenhouse	  gasses	  (GHG)	  is	  emitted	  during	  the	  production	  and	  processing	  
of	   food.	   The	   emission	   can	   largely	   be	   attributed	   to	   the	   transportation	   over	   long	   distances.	  
The	   phenomenon	   of	   urban	   gardening	   has	   grown	   large	   over	   the	   past	   several	   years.	   Urban	  
farming	  entails	  producing	  vegetables	  and	  fruit	  in	  cities,	  with	  the	  benefit	  of	  saving	  energy	  in	  
transportation	  whilst	  reducing	  food	  waste.	  
	  
EMBRACE	   allows	   for	   the	   growing	   of	   vegetables	   in	   the	   sheltered	   garden,	   which	   can	   be	  
consumed	   individually	   or	   shared/	   exchanged	  with	   neighbours	   within	   the	   community.	   The	  
production	   is	   not	  meant	   to	   be	   fully	   self-‐sustaining,	   but	   inhabitants	   will	   be	   able	   to	   supply	  
themselves	  with	  a	  variety	  of	  vegetables,	  fruits,	  herbs	  etc.	  	  
	  
The	   innovation	  of	   the	  urban	  nearly	  self-‐sustaining	  community	  entails	  sharing	   locally	  grown	  
food	  which	   is	   facilitated	  by	  the	  sharing	  concept.	  The	  sharing	  concept	   is	   integrated	   into	  the	  
architectural	   design	   through	   shared	   spaces	   interconnected	   with	   the	   dwellings.	   Therefore,	  
the	  sharing	  adds	  value	  to	  living	  in	  an	  EMBRACE	  house	  where	  households	  can	  exchange	  foods	  
leading	   to	   a	   reduction	   in	  waste.	   In	   the	   sustainable	   food	   production	   concept	   of	   EMBRACE	  
energy	   consumption	   related	   to	   food	  production,	   packaging	   and	   transportation	   is	   reduced.	  
Additionally,	  plants	   improve	   the	  air	  quality	   in	   the	  sheltered	  garden.	  This	   is	   confirmed	  by	  a	  
study	  by	  NASA	  showing	  plants	  can	  help	  to	  improve	  air	  quality	  by	  reducing	  the	  CO2	  level	  and	  
absorbing	  benzene	  and	  formaldehyde	  from	  the	  air39.	  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
39	  Wolverton,	  B.	  C.,	  A.	  Johnson	  and	  K.	  Bounds,	  "Interior	  Landscape	  Plants	  for	  Indoor	  Air	  Pollution	  
Abatement,"	  NASA/ALCA	  Final	  Report,	  Plants	  for	  Clean	  Air	  Council,	  Davidsonville,	  Maryland,	  1989	  
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Examples	  of	  implementing	  vertical	  gardens	  with	  food	  production	  
	  

In	  the	  Versailles	  case	  EMBRACE	  implements	  an	  urban	  farm	  solution	  including	  stainless	  steel	  
wire	   grids	   with	   hanging	   pots.	   The	   solution	   requires	   water	   being	   guided	   to	   all	   the	   pots.	  
Because	   the	   house	  must	   be	   a	   low-‐energy	   house,	   the	   grey	   water	   tank	   is	   place	   up	   on	   the	  
terrace	  and	  since	  the	  tank	  is	  higher	  than	  the	  plant	  walls,	  gravity	  can	  be	  utilised	  to	  direct	  the	  
water	  to	  the	  plants.	  This	  solution	  allows	  for	  the	  growing	  of	  large	  amounts	  of	  edible	  plants	  in	  
a	  small	  area,	  contributing	  to	  the	  self-‐sufficiency	  concept.	  
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O5.6 SUSTAINABILITY 
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EMBRACE	  is	  a	  minimal	  city	  dwelling	  created	  to	  facilitate	  urban	  densification	  by	  creating	  new	  
communities	   on	   top	   of	   existing	   buildings.	   Existing	   rooftops	   are	   not	   utilized	   to	   their	   full	  
potential	   as	   they	   currently	   lack	   livable	   space.	   Many	   existing	   rooftops	   are	   defined	   by	   the	  
Copenhagen	   municipality	   as	   suitable	   places	   for	   densification	   and	   the	   urban	   renewal	   by	  
adding	   new	   buildings	   to	   the	   existing	   city.	   The	   project	   is	   intended	   for	   the	   developing	  
Nordhavn	  district	  of	  Copenhagen,	  Denmark	  but	  is	  conceptually	  open	  to	  adaptation	  to	  other	  
contexts.	  

	  

Left:	  Illustration	  of	  EMBRACE	  with	  the	  Weather	  Shield.	  Right:	  Concept	  of	  EMBRACE	  on	  top	  of	  existing	  building.	  

The	   project	   is	   designed	   to	   add	   self-‐sustaining	   communities	   to	   the	   existing	   urban	   fabric.	  
EMBRACE	  dwellings	  consist	  of	  a	   'Thermal	  Envelope'-‐unit	  and	  a	   'Sheltered	  Garden'	   covered	  
by	  a	  Weather	  Shield.	  The	  sheltered	  garden	  stimulates	   interconnectivity	  by	  creating	  diverse	  
semi-‐private	   and	   semi-‐public	   zones	   that	   are	   usable	   by	   both	   the	   rooftop	   residents	   and	  
residents	  from	  dwellings	  below.	  Social	  interaction	  aims	  to	  counter	  loneliness	  in	  Copenhagen	  
and	  is	  encouraged	  through	  the	  sharing	  of	  resources,	  knowledge	  and	  time.	  
	  
The	  protective	  skin	  integrates	  solar	  power	  technologies	  to	  power	  the	  rooftop	  dwellings	  and	  
share	   energy	   with	   the	   building	   below.	   The	   dwelling	   is	   composed	   of	   largely	   prefabricated	  
modules	  to	  enable	  simple	  assembly	  on	  top	  of	  existing	  buildings.	  
	  
Reducing	   the	   environmental	   impact	   has	   been	   stimulated	   from	   early	   on	   through	   the	  
sustainability	  concept	  of	  Smart,	  Save,	  Share".	  	  The	  strategy	  firstly	  aims	  to	  Save	  energy	  used	  
or	  embodied	  in	  EMBRACE.	  Secondly,	  the	  energy	  that	  is	  consumed	  is	  consumed	  in	  an	  efficient	  
and	   Smart	   manner.	   Thirdly,	   the	   communal	   impact	   of	   EMBRACE	   on	   the	   environment	   and	  
society,	   from	   	   f.e.	   the	   shared	   space	   and	   vehicles,	   will	   be	   reduced	   by	   Sharing	   the	   impact	  
among	  multiple	  dwellings.	  

	  
Concept	  illustration.	  Read	  from	  top	  clockwise.	   	  

PROJECT RECAP 
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Sustainability	   is	   a	   complex	   and	  multidimensional	   concept.	   One	   still	   useful	   descriptions	   of	  
sustainability	  is	  that	  of	  the	  Brundtland	  Commission	  (1987):	  "the	  development	  that	  meets	  the	  
needs	  of	  the	  present	  without	  compromising	  the	  ability	  of	   future	  generations	  to	  meet	  their	  
own	   needs.”	   Meeting	   the	   needs	   of	   the	   future	   depends	   on	   how	   the	   current	   society	   will	  
manage	  the	  social,	  economic,	  and	  environmental	  objectives,	  balancing	  and	  combining	  them	  
in	  the	  most	  appropriate	  way.	  
	  
Certain	  sources40	  argue	  that	  society	  today	  still	  suffers	  from	  post	  world	  war	  2.	  business	  plans	  
which	   focused	   on	   how	   to	   gain	   more	   profit	   on	   consumer	   products	   thus	   create	   economic	  
growth.	  This	  was	  done	  by	  developing	  how	  fast	  products	  would	  become	  obsolete,	  either	  by	  
disfunction	  or	  convincing	  that	  consumers	  needed	  new	  products.	  
	  

	  
Nowadays	  consumer	  situation,	  source:	  http://storyofstuff.org/	  

	  
Whether	  conspiracies	  are	  correct	  or	  not,	  there	  exists	  a	  close	  correlation	  between	  how	  much	  
is	   consumed	   and	   how	   much	   it	   impacts	   environment.	   Its	   not	   simple	   to	   take	   part	   in	   the	  
technological	   development	  while	   improving	   sustainability.	   The	   sustainable	   computer	   does	  
not	   exist	   as	   figure	   above	   illustrate.	   	   EMBRACE	  will	   be	   one	   step	   towards	   dismounting	   this	  
correlation	  and	  develop	  homes	  that	  comes	  with	  reduced	  environmental	  impact	  and	  support	  
sustainable	  living.	  
	  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
40	  The	  light	  bulb	  conspiracy	  documentary:	  http://conspiracy.wikia.com/wiki/Light_bulb_conspiracy	  
AND	  the	  video	  series	  http://storyofstuff.org/	  

05.6. SUSTAINABILITY REPORT 

05.6.1. GENERAL CONCEPT OF THE PROJECT AND 
SUSTAINABILITY 
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As	  well	  as	  the	  development	  of	  the	  SDE	  objectives	  from	  2010	  to	  2014	  (see	  Workshop	  #2	  slide	  
13)	   have	   been	   energy	   efficiency,	   passive	   design,	   limitation	   of	   PV,	   Smart	   Grid,	   and	  
appropriateness	   of	   solution	   (urban,	   local,	   sobriety	   and	   affordability).	   EMBRACE	   should	   be	  
utmost	  efficient	  with	  the	  resources	  that	   it	  embodies.	  Only	  through	  continued	  optimisation	  
of	  design	  when	  the	  needs	  are	  defined,	  solutions	  are	  suggested	  and	  products	  are	  selected	  we	  
will	   reduce	  the	   impact	  on	  environment,	  society,	  and	  economy.	  The	  objective	   is	  to	  create	  a	  
safe	  and	  healthy	  shelter	  for	  a	  family	  without	  compromising	  the	  local-‐global	  community.	  

05.6.1.1. COMMON NARRATIVE 
The	   	   goal	   points	   stated	   in	   the	   former	   subsection	   deals	   with	   sustainability	   in	   the	   entire	  
EMBRACE	  project.	  In	  the	  build	  environment	  the	  needed	  increase	  of	  efficiency	  to	  approach	  a	  
sustainable	   dwelling	   as	   well	   as	   life	   in	   the	   dwelling	   is	   implemented	   by	   a	   concept	   of	   three	  
words.	  Three	  S	  words:	  Smart	  -‐	  Save	  -‐	  Share.	  

	  

Concept	  of	  the	  sustainability	  applied	  in	  	  EMBRACE.	  Read	  from	  top	  clockwise.	  

	  
To	  identify	  some	  beneficial	  steps	  regarding	  sustainability	  we	  found	  that	  sustainability	  can	  be	  
reached	  with	  three	  complementary	  goals.	  These	  unfolds	  as	  follows.	  
	  

● Smart	  embrace	  the	  efficiency	  of	  designed	  solutions.	  
● Save	  embraces	  our	  responsibility	  only	  to	  require	  the	  needed	  to	  make	  probable	  that	  

the	  same	  can	  be	  possible	  for	  our	  descendants.	  
● Share	  embraces	  and	  engage	  humanity	  in	  sustainable	  living.	  

 
It	  can	  be	  applied	  as	  follow.	  
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05.6.1.2. APPLIED SUSTAINABILITY 
We	   applies	   sustainability	   in	   the	   build	   environment	   as	   builders	   who	   make	   Smart	   use	   of	  
existing	   technology	   -‐	   Save	  by	   reinventing	  housing	   in	   the	   city	   -‐	   Share	  qualities	  of	   spaces	  as	  
well	  as	  products	  from	  urban	  gardening.	  

	  
Som	  means	  to	  realise	  more	  sustainability,	  source:	  http://storyofstuff.org/	  

	  
Hereby	  follow	  some	  distinct	  measures	  that	  have	  been	  used.	  

● Within	  the	  local	  context	  of	  Nordhavn	  deliver	  a	  dwelling	  which	  bring	  qualities	  of	  the	  
suburbs	  garden,	  local	  community,	  and	  larger	  degree	  of	  privacy	  to	  the	  city.	  

○ attracting	  people	  to	  live	  more	  sustainably	  than	  in	  the	  suburbs	  where	  big	  and	  
separate	  family	  houses	  require	  more	  energy	  to	  be	  build,	  maintained,	  used	  
and	  private	  transport	  is	  needed.	  Save	  impacts.	  

● With	  close	  connection	  to	  efficient	  and	  affordable	  public	  transportation.	  
○ no	  need	  of	  a	  car	  or	  the	  expenses	  that	  accompanies	  this,	  allowing	  middle	  

income	  occupant	  to	  prioritise	  more	  sustainable	  consumption.	  	  
● EMBRACE	  is	  designed	  after	  at	  broad	  spectra	  of	  passive	  strategies.	  

○ increasing	  efficiency	  of	  energy	  usages	  in	  the	  dwelling	  thus	  more	  sustainable	  
housing	  for	  its	  occupants.	  Smart	  living.	  

● Constructed	  with	  protective	  Weather	  Shield	  which	  improve	  durability	  of	  materials.	  
○ reduce	  the	  needed	  maintenance	  thus	  Save	  impacts.	  

● Selected	  materials	  with	  high	  efficiency	  and	  environmentally	  sensitive	  produced.	  
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The	  urban	  design	  should	  create	  more	  sustainable	  homes	  and	  come	  up	  with	  smart	  housing	  
solutions,	  that	  in	  the	  same	  time	  is	  densifying	  the	  city	  areas,	  if	  we	  want	  to	  save	  the	  maximal	  
amount	  of	  natural	  resources	  and	  emphase	  more	  positive	  effects	  on	  the	  climate	  meaning	  we	  
can	  leave	  a	  better	  base	  for	  our	  descendants.	  	  
	  
The	  reason	  for	  that	  the	  densification	  of	  the	  city	   is	  seen	  as	  a	  crucial	  point	   in	  the	  process	  of	  
having	  a	  positive	  impact	  on	  the	  environment	  issues,	  is	  due	  to	  that	  more	  dense	  areas	  use	  less	  
energy	  in	  the	  daily	  use	  because	  of	  e.g.	  less	  energy	  going	  into	  transporting	  etc.	  Furthermore	  
is	  it	  the	  project	  goal	  not	  to	  drive	  the	  lower	  and	  middle	  income	  classes	  out	  of	  the	  city	  as	  it	  has	  
been	  done	  in	  many	  metropolises,	  but	  to	  secure	  a	  mix	  population	  within	  the	  cities.	  
	  

	  
Figure	  of	  DGBN	  urban	  guidelines,	  and	  the	  focus	  of	  the	  EMBRACE	  marked.	  

 
In	   the	  above	  graphic,	   the	   topics	  where	  EMBRACE	  has	  an	   impact	  has	  been	  highlighted.	   For	  
thorough	  walk-‐through	  of	  the	  topics,	  see	  appendix	  05.1.1.3.	  	  
 

Most relevant urban strategies 
According	  to	  the	  Urban	  Design	  Strategy,	  the	  goal	  of	  EMBRACE	  on	  the	  urban	  level,	  is	  to	  fulfill	  
a	   housing	  model	   that	   can	   increase	  density	   in	   already	  established	  urban	  areas,	   by	   creating	  
housing	  space	  where	  there	  is	  none,	  meaning	  empty	  rooftops	  of	  existing	  building.	  It	  has	  been	  
estimated	  	  that	  Copenhagen	  has	  	  329.000	  square	  meters	  of	  potential	  rooftop	  housing	  square	  

05.6.2. URBAN DESIGN, TRANSPORTATION AND AFFORDABILITY 
(UDTA) 
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meters 41 .	   By	   utilizing	   this	   space,	   EMBRACE	   shall	   contribute	   to	   solving	   the	   increasing	  
problems	  of	  urban	   sprawl,	   real	  estate	  prices,	   traffic	   issues,	  energy	  production,	   food	  waste	  
and	  other	  problems	  affiliated	  with	  these	  issues.	  
	  
As	   EMBRACE	   is	   a	   rooftop	   or	   ground	   structure	   it	   can	   be	   adapted	   in	   many	   places,	   fitting	  
different	  scenarios.	  People	  often	  moves	  outside	  the	  city	  as	  they	  raise	  family,	  because	  more	  
private	  outdoor	  area	  can	  be	  found	  here.	  This	  and	  much	  more	  are	  what	  EMBRACE	  provides	  in	  
an	  urban	  context.	  	  
Adding	  a	  rooftop	  dwelling	  is	  also	  a	  way	  make	  city	  more	  dense,	  which	  allow	  buildings	  to	  be	  
more	   efficient	   with	   reduced	   transmission	   loss	   compared	   to	   area.	  Many	   practical	   facilities	  
such	  as	  staircases	  and	  installations	  can	  be	  extruded	  instead	  of	  building	  all	  new.	  	  

High density solution - social, economical environment 
Embrace	  uses	  the	  possibility	  of	  creating	  benefit	  to	  the	  community	  and	  it’s	  inhabitant	  by	  the	  
urban	   design.	   It	   was	   shown	   that	   Nordhavn	   is	   showing	   large	   sustainable	   and	   great	   living	  
potential.	   The	  main	   idea	   is	   to	   create	   a	   high	   quality	   of	   living	   standards	   by	   focusing	   on	   the	  
social	   community,	   economical,	   technical	   and	   environmental	   impact	   of	   living	   on	   the	   city's	  
rooftops.	  	  
In	   general	   EMBRACE	   is	   capitalize	   on	   benefit’s	   of	   densifying	   the	   city.	   EMBRACE	   should	   be	  
seen	  as	  an	  alternative	   residential	   type	   compared	   to	   the	  urban	  context	  of	  dense	   city	  areas	  
like	  in	  Copenhagen,	  Odense,	  Aarhus	  and	  Aalborg.The	  goal	  is	  to	  create	  a	  sustainable	  low	  cost	  
resident	  that	  creates	  a	  diversity	  in	  the	  society,	  embracing	  the	  classes	  how	  can’t	  afford	  to	  live	  
in	   the	   city.	   It	   have	   been	   shown	   in	   the	   report	   that	   a	   dense	   and	   diverse	   city	   has	   a	   great	  
potential	  for	  making	  a	  sustainable	  urban	  planning.	  
When	  aiming	  for	  the	  lower	  and	  middle	  income	  classes	  its	  crucial	  to	  be	  aware	  that	  the	  classes	  
have	   less	   resource	   than	   the	   median	   of	   the	   population.	   This	   makes	   the	   optimization	   of	  
systems	  and	  manufacturing	  a	  crucial	  topic.	  By	  looking	  upon	  CCE	  (cost	  conserved	  energy)	  the	  
energy	   optimization	   of	   the	   building	  will	   be	   balanced,	  meaning	   that	   every	   improvement	   is	  
compared	   to	   energy	   prices	   which	   insures	   that	   the	   installation	   is	   just	   as	   efficient	   as	   the	  
insulation.	  Furthermore	  a	  high	  degree	  of	  prefabrication	  in	  control	  environment	  ensuring	  less	  
waste	   and	  more	   optimal	  work	   conditions,	  meaning	   that	   the	   price	   can	   be	   lowered	   as	   less	  
time	  and	  material	  is	  used	  when	  constructing	  the	  modules.	  

Energy efficient transportation  
The	  focus	  of	  this	  project	  in	  the	  early	  design	  stages.	  Is	  planned	  with	  extensive	  transportation	  
infrastructure	   by	   metro.	   It	   will	   therefore	   be	   possible	   with	   only	   little	   travel	   time	   to	  
destinations	   inside	   Copenhagen	   due	   to	   the	   Metro	   completion	   in	   2018.	   The	   metro	   is	  
connected	  with	  the	  S-‐train	  (an	  urban	  rail	  network)	  which	  connects	  Copenhagen	  with	  all	  the	  
suburbs	  and	  from	  regional	  stations	  it’s	  possible	  to	  reach	  destinations	  outside	  the	  city.	  	  
	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
41 P. 5, Engdam & Clausen: Udnyttelse af eksisterende københavnske bytage 
41 
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This	  can	  often	  be	  done	  faster	  than	  with	  car	  in	  traffic.	  With	  this	  infrastructure	  a	  car	  will	  not	  
be	   needed	   for	   daily	   transportation.	   The	   area	   of	   Nordhavn	   though	   not	   yet	   existing	   (it	   is	   a	  
planned	  area)	   it	   has	   as	  part	   of	   a	   pilot	   project	   retrieved	  Gold	   (DGNB	   total	   ≥80%,	   all	   ≥65%)	  
qualification.	  	  

Urban design proposal - location 
Placing	   the	   EMBRACE	   dwellings	   on	   rooftops	   will	   affect	   the	   overall	   appearance	   of	   the	  
building.	   The	   outside	   geometry	   of	   the	   house,	   which	   is	   the	   weathershield	   is	   very	   simple	  
designed.	  The	  sides	  are	  sloped	  making	  the	  weathershield	  less	  visible	  from	  the	  street	  and	  has	  
a	   uniform	   straight	   profile.	   Plausible	   problems	   could	   be	   restricted	   building	   height,	   static	  
documentation,	  protected	  buildings,	  strict	  local	  plans.	  
Apart	  from	  flexibility,	  EMBRACE’	  contributes	  with	  the	  following	  advantages:	  
	  

● Awakens	  “dead”	  industrial	  quarters	  
● Adds	  new	  potential	  to	  industrial	  buildings	  
● Creates	  new	  living	  space	  and	  variation	  
● The	  combination	  of	  functions	  makes	  a	  platform	  for	  exchange	  
● The	  heat-‐exhaust	   from	  eventual	  active	   industry	  can	  be	  used	  by	   the	  community	  on	  

the	  roof.	  	  
 
The	  location	  is	  the	  area	  of	  Nordhavn,	  below	  is	  a	  study	  about	  the	  evaluation	  of	  the	  area.	  

	  
DGNB	  evaluation	  of	  Nordhavn,	  by	  Stephan	  Anders,	  http://www.dk-‐

gbc.dk/media/92910/dgnbgeneral_urbandistricts_copenhagen_stephan_anders.pdfhttp://www.dk-‐
gbc.dk/media/92910/dgnbgeneral_urbandistricts_copenhagen_stephan_anders.pdf	  

 
 

Possibilities of reusing, adaptability to future technologies 
“Energy	   technology”,	   “Energy	   demand”,	   “Energy	   Technology”,	   “Life	   cycle	   cost”	   and	   “life	  
cycle	   assessment”	   is	   treated	  due	   to	   high-‐performance	  wooden	   climate	   envelope	   and	   low-‐
consuming	   installations,	   ensuring	   a	  minimum	   of	   energy	   loss	   and	   consumption.	   The	   urban	  
surroundings	   benefit	   from	   this	   due	   to	   surplus	   energy	   generated	   from	   these	   applications,	  
which	   reduces	   the	   total	   consumption	   for	   the	  building	   complex.	  On	  a	   conceptual	   level,	   the	  
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concept	   of	   densifying	   by	   adding	   to	   existing	   structures,	   rather	   than	   demolishing	   and	  
rebuilding,	  is	  beneficial	  for	  for	  the	  urban	  area	  on	  the	  LCA-‐balance.	  	  
	  
In	  “Land	  use”,	  “Use	  of	  existing	  structures”,	  “Efficient	  land	  use”,	  EMBRACE	  has	  positive	  effect	  
since	  no	  new	  land	  is	  required,	  thereby	  not	  contributing	  to	  urban	  sprawl.	  As	  for	  efficient	  land	  
use,	   EMBRACE	  will	   always	   increase	  efficiency	   to	   the	   area	  where	   it	   is	   applied,	   but	   one	   can	  
argue	   that	   an	   old	  warehouse	  where	   EMBRACE	   is	   added	  will	   still	   be	   less	   efficient,	   density-‐
wise,	  than	  a	  new	  High	  Rise	  complex.	  	  

Sustainable influences of the production 
A	   high	   Prefabrication	   degree	   makes	   is	   possible	   for	   constructors	   in	   foreign	   markets	   to	  
manufacture	  the	  modules.	  This	  set	  demands	  to	  the	  segmentation	  of	  possible	  stakeholders	  at	  
the	   labour	   cost	   and	   knowhow	   to	   build	   this	   kind	   of	   resident	   is	   different	   from	   country	   to	  
country.	  It	  is	  therefore	  important	  that	  the	  parts	  of	  the	  house	  can	  be	  fitted	  for	  transportation	  
at	  a	  regular	  truck	  size,	  as	  this	  will	  expand	  the	  numbers	  of	  possible	  manufactures.	  
A	   high	   Prefabrication	   degree	   makes	   is	   possible	   for	   constructors	   in	   foreign	   markets	   to	  
manufacture	  the	  modules.	  This	  set	  demands	  to	  the	  segmentation	  of	  possible	  stakeholders	  at	  
the	   labour	   cost	   and	   knowhow	   to	   build	   this	   kind	   of	   resident	   is	   different	   from	   country	   to	  
country.	  It	  is	  therefore	  important	  that	  the	  parts	  of	  the	  house	  can	  be	  fitted	  for	  transportation	  
at	   a	   regular	   truck	   size,	   as	   this	   will	   expand	   the	   numbers	   of	   possible	  manufactures.	   A	   high	  
Prefabrication	  degree	  makes	  is	  possible	  for	  constructors	  in	  foreign	  markets	  to	  manufacture	  
the	  modules.	  This	  set	  demands	  to	  the	  segmentation	  of	  possible	  stakeholders	  at	  the	   labour	  
cost	   and	  knowhow	   to	  build	   this	   kind	  of	   resident	   is	   different	   from	  country	   to	   country.	   It	   is	  
therefore	  important	  that	  the	  parts	  of	  the	  house	  can	  be	  fitted	  for	  transportation	  at	  a	  regular	  
truck	  size,	  as	  this	  will	  expand	  the	  numbers	  of	  possible	  manufactures.	  
	  
For	   detailed	   investigation,	   see	   UDTA	   report	   05.1	   -‐	   Urban	   Design,	   Transportation	   and	  
Affordability	  Report	  

 
The	  following	  chapter	  will	  concentrate	  on	  strategies	  concerning	  the	  design	  of	  the	  house	  and	  
how	   the	   design	   can	   apply	   different	   passive	   strategies,	   also	   how	   it	   is	   possible	   to	   design	   a	  
house	   that	   can	   function	   as	   a	   sustainable	   element	   in	   the	  nature.	   Bioclimatic	   Strategies	   are	  
focusing	   on	   the	   local	   (Nordhavn)	   context	   of	   Embrace,	   considering	   local	   climate	   and	   site	  
conditions.	   Bioclimatic	   strategies	   are	   studying	   the	   selected	   building	   envelope	   and	   the	  
passive	   strategies	   that	   permit	   to	   maintain	   the	   interior	   hydrothermal	   comfort	   with	   the	  
minimum	  use	  of	  active	  systems.	  
 
 
 

05.6.3.1. PROJECT’S ENVELOPE 
 

05.6.3. BIOCLIMATIC STRATEGIES: PASSIVE DESIGN STRATEGIES 
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The	   house	   is	   designed	   with	   a	   division	   between	   a	   weather	   shield	   (solar	   envelope)	   and	   a	  
thermal	  envelope.	  The	  weather	  shield	  utilizes	  a	  semi-‐outdoor	  quality	  space,	  with	  the	  values	  
of	  a	  home	  but	  a	  minimal	  amount	  of	  material	  to	  the	  area	  gained.	  This	  smart	  solution	  with	  it’s	  
simplicity	   improves	   the	   strategy	   of	   ‘building	   for	   disassembly’	   which	   again	   improves	   the	  
materials	  in	  end	  of	  life	  usability.	  
	  	  
The	  Thermal	   Envelope	   (TE)	   is	   the	  heated	  dwelling	  unit	   and	   the	  Weather	   Shield	   (WS)	   is	   an	  
outer	  canopy	  that	  creates	  Sheltered	  Garden	  area	  and	  also	  embraces	  the	  Thermal	  Envelope	  
functioning	   as	   a	   weather	   protection	   barrier.	   The	   TE	   will	   consist	   of	   four	   prefabricated	  
modular	  boxes	  that	  will	  be	  stacked	  on	  top	  and	  next	  to	  each	  other	  on	  site.	  
	  	  

	  
Assembly	  of	  the	  four	  Thermal	  Envelope	  modules.	  

	  	  
The	  TE	  facades	  and	  internal	  walls	  are	  traditional	  wooden	  skeleton	  frames	  and	  slabs	  and	  roof	  
are	  built	  up	  from	  wooden	  tiers	  of	  beams.	  TE	   is	  going	  to	  be	  built	  of	  prefabricated	  modules.	  
The	  static	  mechanism	  is	  introduced	  in	  the	  Structural	  report	  (05.3.1.).	  
	  	  
The	  WS	  will	  be	  supported	  by	  the	  Thermal	  Envelope	  as	  well	  as	  by	  individual	  frame	  structures.	  
It	  consists	  of	  glulam	  beams	  and	  columns	  as	  well	  as	  PV	  panels,	   solar	  collectors	  and	  glazing.	  
The	  WS	  roof	  is	  also	  going	  to	  be	  built	  of	  prefabricated	  module	  panels.	  
	  	  
Only	  few	  surfaces	  of	  the	  thermal	  envelope	  will	  be	  done	  as	  water	  resistant	  facades,	  most	  will	  
be	  protected	  by	  the	  weather	  shield	  and	  materials	  can	  be	  saved	  and	  construction	  can	  be	  kept	  
simple.	  Materials	  used	  for	  the	  envelope	  are	  introduced	  in	  section	  05.2.4	  -‐	  Materials.	  
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The	   building	   envelope	   is	   designed	   to	   be	   efficient	   enough	   to	   meet	   upcoming	   Danish	  
requirements,	  which	  are	  amongst	  the	  most	  demanding	  in	  Europe.	  This	  applies	  to	  insulation	  
levels	   and	   the	   air-‐tightness	   of	   the	   building	   elements	   as	   well	   as	   solar	   gain	   and	   heat	   loss	  
through	  glazed	  components.	  The	  infiltration	  losses	  will	  be	  reduced	  not	  only	  by	  built	  very	  air-‐
tight,	  but	  also	  by	  lowering	  wind-‐induced	  pressure	  with	  the	  weather	  shield.	  
 

05.6.3.2. GLAZING 

 
The	  house	  is	  designed	  with	  large,	  but	  few	  glazed	  openings,	  which	  will	  let	  in	  large	  amounts	  of	  
daylight	  while	  minimizing	  the	  thermal	  bridges	  around	  the	  windows,	  compared	  to	  many,	  but	  
smaller	  windows.	   The	  windows	   from	   idealcombi	   are	  designed	  especially	   for	  new	  buildings	  
taking	   into	   account	   whole	   year	   energy	   balance	   of	   both	   heat	   gains	   and	   losses	   in	   a	   well-‐
insulated	  house.	  
	  
The	   selected	   windows	   (for	   vertical	   windows)	   are	   Futura+i	   the	   best	   product	   series	   from	  
idealcombi	  which	  combines	  aluminium	  and	  PUR	  for	  durable	  maintenance	  free	  surfaces	  and	  
insulating	   connection	   through	   a	   core	   of	   polyurethane	   (PUR).	   That	   is	   an	   environmentally	  
friendly,	   highly	   insulating	   material	   which	   meets	   the	   strict	   requirements	   with	   regard	   to	  
longevity	  and	  strength.	  
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Windows	  and	  glazing	  properties	  

 

 
 
Supplementary	   info	   on	   windows	   and	   other	   glazing	   types	   can	   be	   found	   in	   Appendix	   -‐	  
Technical	  note	  on	  Windows	  and	  Shading	  
	  

05.6.3.3. DAYLIGHT 

	  
	  
In	   the	   housing	   geometry	   design,	   the	   main	   possible	   energy	   saving	   is	   by	   reducing	   use	   of	  
artificial	   light	  by	  designing	   for	  high	  daylight	   factors.	   It	   should	  also	  be	  considered	  that	  solar	  
shading	  is	  rarely	  nice	  to	  have	  activated	  at	  all	  times.	  	  
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The	  high	  daylight	  levels	  in	  all	  daily	  hours	  of	  the	  year	  should	  encourage	  residents	  to	  turn	  off	  
the	   light	   in	   order	   to	   save	   electricity.	   The	   artificial	   lighting	   design	   for	   EMBRACE	   is	   planned	  
from	  an	  aesthetical	  point	  of	  view,	  but	  can	  be	  controlled	   intelligently	   for	   low	  consumption.	  
Combined	  with	  high	  daylight	  levels,	  the	  electrical	  consumption	  from	  artificial	  light	  is	  reduced	  
compared	  to	  standard	  new	  residential	  buildings.	  	  	  	  
	  
The	  design	  of	   the	  weather	   shield	  allows	  plenty	  daylight	   to	  penetrate	   through	   the	  weather	  
shield.	  The	  dwelling	  will	  be	  naturally	   lit	   from	  four	  sides:	  one	  window	  towards	  south,	   three	  
windows	  towards	  east,	  one	  window	  towards	  north	  and	  one	  skylight.	  Optimizing	  the	  window	  
sizes	   and	   placements	   is	   done	   in	   close	   collaboration	   with	   the	   energy	   efficiency	   group	   to	  
iteratively	  evaluate	  the	  effect	  of	  the	  changes	  on	  the	  energy	  efficiency.	  The	  façade	  openings	  
facing	   the	  semi-‐outdoor	  space	   to	   the	  east	  are	  a	  good	  source	   for	  daylight.	  The	  most	  useful	  
source	   of	   daylight	   is	   the	   illuminating	   sky.	   Therefore,	   one	   of	   the	   strategies	   for	   provident	  
sufficient	  daylight	  conditions	  is	  the	  implementation	  of	  skylights.	  The	  roof	  where	  the	  skylights	  
is	   positioned	   is	   inclined	   by	   22	   degrees	   facing	   south	   in	   order	   to	   accommodate	   PV’s.	   3	  
skylights	  are	  going	  to	  be	  implemented:	  one	  of	  them	  is	  located	  in	  order	  to	  provide	  light	  to	  the	  
stairs	   and	  bedroom,	  while	   the	  other	  one	   is	   located	   in	  order	   to	   get	  enough	  daylight	   in	   the	  
living	   room.	   In	   order	   to	   prevent	   glare	   and	   overheating	   proper	   shading	   for	   the	   skylight	   is	  
required	  and	  should	  be	  designed	  in	  close	  relation	  to	  how	  much	  daylight	  it	  provides.	  
	  
The	  daylight	  factor	  in	  the	  living	  room	  creates	  two	  different	  atmospheres:	  The	  relaxing	  area	  
has	  a	  lower	  daylight	  factor	  creating	  a	  cozy	  spot	  where	  the	  inhabitants	  can	  relax	  on	  the	  couch	  
which	  is	  an	  extension	  of	  the	  stair.	  The	  rest	  of	  the	  living	  room	  needs	  a	  higher	  daylight	  factor	  
due	  to	  the	  fact	  that	  the	  dining	  area	   is	   located	  there	  and	   it	  works	  as	  a	  connection	  with	  the	  
shared	  space.	  	  
	  
A	  good	  daylight	  design	  allows	  sufficient	  daylight	  to	  enter	  a	  building	  whilst	  preventing	  glare	  
problems.	  Preventing	  glare	  problems	  and	  overheating	  for	  Embrace	  can	  only	  be	  achieved	  by	  
implementing	   shading	   devices	   on	   the	   south	   facing	   façade	   opening	   and	   skylight.	   For	   the	  
window	  facing	  south,	  a	  movable	  shading	  is	  designed:	  this	  shading	  is	  not	  applied	  at	  overcast	  
sky,	   whereas	   the	   daylight	   factor	   is	   not	   influenced.	   The	   shading	   solution	   for	   the	   skylight	  
consists	   in	   a	   solar	   cell	   shaped	   sun	   films	   integrated	   in	   the	   panels	   above	   the	   skylight:	   it	  
reduces	  considerably	  the	  daylight	  factor	  (50%	  of	  the	  skylight	  transmittance).	  
	  
All	   daylight	   simulations	   have	   been	   carried	   out	   in	   Velux	   Daylight	   Visualiser	   based	   on	   a	  
SketchUp	   3D	   model.	   Daysim	   has	   been	   used	   to	   validate	   the	   results	   from	   Velux.	   Detalied	  
investigation	  can	  be	  found	  in	  05.2.8.3	  -‐	  Thermal	  envelope	  daylight	  design	  
	  
Detailed	   investigation	   of	   daylight	   design	   can	   be	   found	   in	   Appendix	   -‐	   Technical	   note	   on	  
Lighting	  and	  Daylight	  
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05.6.3.4. SPACE PLANNING 

 
The	  dwelling	   itself	   is	   designed	  as	   a	   small,	   compact	   and	  highly	   insulated	  unit	  with	  all	   living	  
necessities.	  This	   space	  aims	   to	  be	  very	  comfortable	   in	  all	   indoor	  climate	  aspects,	  which	  as	  
always	   comes	   at	   a	   higher	   energy	   expense.	  Having	   this	   always-‐in-‐use	   conditioned	   space	   as	  
small	  as	  possible	  and	  having	  the	  less-‐in-‐use	  spaces	  unconditioned,	  the	  energy	  for	  providing	  a	  
high	  quality	  indoor	  climate	  is	  utilized	  in	  the	  best	  way.	  
	  	  
To	  optimize	  this,	  EMBRACE	  has	  been	  designed	  with	  a	  slim,	  yet	  compact	  geometry	  allowing	  
light	   from	  windows	  and	  doors	  to	  reach	  the	  whole	  room.	  Doors	  and	  windows	  provide	  both	  
view	  and	  entrance	  so	  to	  reduce	  heat	  loss	  through	  these	  they	  are	  reduce	  to	  meet	  only	  exactly	  
this	   function.	   A	   technical	  well	   is	   designed	   beneath	   the	   skylight	   in	   the	  middle	   of	   the	   living	  
room,	   which	   serves	   a	   maintenance-‐accessible	   HVAC	   distribution	   while	   providing	  
supplementary	  diffuse	  daylight	  to	  the	  room.	  	  
	  
The	   thermal	   envelope	   is	   compressed	   in	   the	   volume	   to	   be	   as	   sufficient	   energy	   wise	   as	  
possible.	  The	  four	  elements	  have	  each	  a	  function,	  there’s	  a	  technical	  module	  containing	  the	  
technical	   core,	   toilet,	   kitchen	   and	   the	   internal	   stair.	   The	   other	  modules	   are	   all	   living	   zone	  
areas,	  which	  only	   have	   the	  most	   necessary	   installations,	   and	   consist	   of	   only	   one	   common	  
open	   space,	   which	   ensures	   flexibility	   for	   moving	   internal	   walls	   and	   furniture’s	   where	   the	  
users	  can	  define	  the	  size	  of	  the	  areas	  depending	  on	  their	  needs.	  The	  house	  is	  mainly	  one	  big	  
living	   zone,	  where	   the	   living	   room,	  dining	  area	  and	  kitchen	   is	   integrated	   in	  one.	  The	   living	  
zone	  gives	   the	  user	   the	  opportunity	   to	  define	  the	  sizes	  of	  each	   function	  according	  to	   their	  
needs	  and	  thereby	  better	  life	  quality.	  	  
	  
The	   entire	   concept	   of	   EMBRACE	   has	   a	   big	   focus	   on	   the	   idea	   of	   sharing	   both	   space	   and	  
objects	  with	  neighbors	  and	  the	  close	  community,	  but	  it	  also	  gives	  the	  possibility	  for	  private	  
space.	  At	  the	  1st	  floor	  the	  bedroom	  and	  the	  private	  sphere	  is	  extended	  through	  a	  door	  to	  a	  
terrace	  in	  the	  weather	  shield.	  This	  terrace	  is	  completely	  private	  and	  gives	  the	  possibility	  for	  
the	  users	  to	  choose	  the	  degree	  of	  socialization	  if	  needed.	  
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The	  heating	  and	  cooling	  are	  supplied	  by	  a	  radiant	  floor	  system	  in	  all	  conditioned	  rooms.	  The	  
system	   is	   a	   dry-‐system,	   which	   allows	   for	   fast	   reaction	   to	   changing	   conditions	   and	   for	  
temperature	  setbacks	  if	  desired.	  Ventilation	  is	  supplied	  in	  living	  rooms	  and	  exhausted	  from	  
kitchen	  and	  bathroom	  primarily.	  	  
	  
Heating	  and	  cooling	  is	  described	  in	  more	  details	  in	  the	  Appendix	  -‐	  Technical	  note	  on	  Heating	  
and	  Cooling	  Modes	  
 

05.6.3.5. PASSIVE HEATING STRATEGIES 

 
EMBRACE	   is	   taking	   advantage	   of	   an	   large	   unheated	   space	   as	   a	   buffer	   zone	   to	   both	   keep	  
down	  heat	   loss	   and	   to	   create	  usable	   spaces	   that	  does	  not	   require	  active	   conditioning	  and	  
thereby	  energy.	  The	  Sheltered	  Garden	  is	  created	  as	  such	  a	  space.	  However,	  these	  spaces	  are	  
only	   known	   to	   lower	   the	   energy	   consumption	   as	   long	   as	   occupant	   behavior	   are	   adjusted	  
thereafter	  and	  energy	   is	  not	  wasted	   in	  trying	  to	  heat	  these	  spaces.	  Therefore,	  some	  active	  
measures,	  like	  small	  gentle	  door	  alarms,	  might	  be	  needed	  for	  the	  passive	  strategy	  to	  work.	  
	  
The	  Sheltered	  Garden	   includes	  carefully	  chosen	  plants,	  herbs	  and	  vegetables	   (Architecture	  
Design	  Narrative,	   section	  05.2.5.4	   -‐	  Plants	  and	  Urban	  Farming).	  The	  watering	  of	   the	  plants	  
are	   done	  by	  mainly	   reclaimed	   grey	  water.	   The	   Sheltered	  Garden	   also	   includes	   hydroponic	  
agriculture	  utilizing	  rainwater	  for	  urban	  farming.	  
	  
The	   insulation	  products	  of	   Isover	  has	  one	  of	   the	   lowest	   commercially	   competitive	   thermal	  
conductivities	  and	  this	  allow	  for	  a	  very	  well-‐insulated	  envelope.	  
	  
Since	   the	   house	   is	   designed	   with	   large,	   but	   few	   glazed	   openings,	   that	   will	   let	   in	   large	  
amounts	  of	  daylight	  while	  minimizing	  the	  thermal	  bridges	  around	  the	  windows,	  have	   	  also	  
been	  design	  as	  part	  of	  the	  passive	  heating	  strategy.	  
	  
A	  floor	  heating	  system	  always	  utilizes	  the	  low	  temperatures	  produced	  by	  a	  heat	  pump	  better	  
than	   e.g.	   radiators.	   To	   further	   make	   use	   of	   this	   strategy,	   the	   finishing	   floor	   covering	   is	  
chosen	  through	  architectural	  and	  functional	  requirements	  to	  be	  very	  little	  insulating.	  In	  this	  
way	   EMBRACE	   challenges	   traditional	   aesthetics	   in	   order	   to	   optimize	   our	   energy	   solutions.	  
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Most	  of	  the	  passive	  means	  to	  reduce	  energy	  consumption	  in	  EMBRACE	  are	  not	  new,	  but	  are	  
achieved	  through	  integrated	  designs	  and	  continuously	  updated	  simulations.	  
	  
The	  heating	  and	  cooling	  are	  supplied	  by	  a	  radiant	  floor	  system	  in	  all	  conditioned	  rooms.	  The	  
system	   is	   a	   dry-‐system,	   which	   allows	   for	   fast	   reaction	   to	   changing	   conditions	   and	   for	  
temperature	  setbacks	  if	  desired.	  
	  
Supplementary	  info	  on	  passive	  design	  strategy	  can	  be	  found	  in	  the	  Energy	  Efficiency	  Design	  
Narrative	   (05.4.2.3.)	   under	   the	   paragraph:	   Passive	   design	   strategies	   and	   Energy	   efficiency	  
measures	  (EEM).	  

05.6.3.6. PASSIVE COOLING STRATEGIES 

 
The	   house	   features	   effective	   solar	   shading	   and	   natural	   cross-‐flow	   ventilation,	   which	   can	  
completely	   eliminate	   cooling	   loads	   in	   the	   design	   climate	   if	   applied	  with	   the	   right	   control.	  
Motorized	  window	  openings	   and	   levels	   have	   been	   analysed	   to	   feature	   a	   simple	   step-‐wise	  
temperature	  control,	  which	  is	  applied	  to	  the	  house	  management	  system.	  The	  solar	  shading	  
is	   also	   coupled	   to	   the	  management	   system,	  which	  will	   reduce	  possible	  overheating	  during	  
the	  day	  where	  people	  are	  not	  at	  home	  to	  operate	  it.	  The	  system	  is	  easily	  overwritten	  via	  the	  
user	  control	  system.	  
	  
Even	   though	   the	   danish	   climate	   conditions	   do	  not	   require	   a	  mechanical	   cooling	   system,	   a	  
passive	   cooling	   strategy	   has	   been	   designed	   considering	   the	   climate	   circumstances	   in	  
Versailles.	  
	  
The	  main	  passive	  cooling	  strategies	  are	  the	  solar	  shading	  system	  and	  the	  natural	  ventilation	  
in	  the	  local	  context,	  besides	  in	  the	  house	  -‐	  that	  is	  going	  to	  be	  built	  in	  Versailles	  -‐	  is	  the	  use	  of	  
night	  radiative	  cooling	  from	  the	  night	  sky.	  The	  principle	  is	  based	  on	  the	  solar	  panels	  where	  
water	   from	   the	   solar	   tank	   circulates	   in	   the	  pipes	   throughout	   the	  night.	  With	  no	   solar	  gain	  
this	  water	  gets	  cooled	  down	  due	  to	  heat	  transmission	  to	  the	  night	  sky	  and	  this	  cooled	  water	  
will	  be	  accumulated	  in	  a	  tank	  for	  further	  use.	  During	  the	  day	  this	  cold	  water	  will	  circulate	  in	  
the	  floor	  and	  ceiling	  radiant	  system	  and	  provide	  passive	  cooling	  in	  the	  house.	  	  
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05.6.3.7. THERMAL ENERGY STORAGE 
Phase	   changing	   material	   (PCM)	   had	   been	   investigated	   the	   considerations	   was	   about	  
affordability	  and	  environmental	  impact.	  
It	  have	  been	  decided	  that	  latent	  thermal	  energy	  storage	  systems	  are	  not	  going	  to	  be	  used.	  
Water	  tanks	  will	  work	  as	  thermal	  energy	  storage	  system.	  
	  
The	  compact	  P	  tank	  produced	  by	  Nilan	  is	  able	  to	  provide	  a	  rapid	  availability	  of	  solar	  energy.	  
The	  DHW	  tank	  has	  a	  volume	  of	  180	   liters.	  Compact	  P	   is	  equipped	  with	  an	  energy-‐efficient	  
ventilation	  solution	  with	  active	  and	  passive	  heat	  recovery,	  hot	  water,	  cooling	  and	  heating	  in	  
a	  complete	  indoor	  climate	  solution.	  Compact	  P	  tank	  is	  charged	  via	  the	  solar	  collectors	  or	  the	  
heat	   recovery	  of	   the	  ventilation	   system.	  More	   information	  on	   this	   structure	   is	   available	   in	  
the	  “Technical	  note	  on	  Heating	  and	  Cooling	  Production”.	  
	  	  
Detailed	   study	  of	  water	   tank	   system	  can	  be	   found	   in	  Engineering	  and	  Construction	  Design	  
Narrative	  (05.3.7.)	  the	  paragraph	  is:	  Solar	  Thermal	  Design	  

05.6.3.8. VENTILATION 
For	  the	  building	  located	  in	  Copenhagen	  no	  cooling	  is	  planned.	  Therefore,	  the	  main	  purpose	  
of	   using	   the	   natural	   ventilation	   is	   improving	   the	   occupants'	   comfort	   by	   lowering	   the	  
temperature	  inside	  of	  the	  building.	  
	  
The	   geometry	   is	   optimised	   to	   combine	  natural	   and	  mechanical	   ventilation,	   and	  utilize	   the	  
heating	   systems	  based	  on	  waterborne	   floor	  heating	  and	   cooling.	   The	   two	   stories	  makes	   it	  
possible	  to	  create	  updraught	  of	  hot	  and	  polluted	  air	  which	  can	  be	  vented	  in	  the	  high	  room.	  
	  	  
The	   possibility	   of	   improving	   the	   energy	   efficiency	   of	   the	   building	   by	   utilizing	   the	   natural	  
ventilation	   was	   investigated.	   Although	   its	   exact	   functioning	   is	   unpredictable,	   the	   natural	  
ventilation	  can	  still	  have	  a	  positive	  impact	  on	  building's	  energy	  consumption,	  as	  it	  allows	  to	  
cool	  the	  building	  and	  enhance	  the	  air	  exchange	  rate	  without	  increasing	  energy	  consumption.	  
It	   was	   assumed	   the	   building	   is	   going	   to	   be	   ventilated	   through	   automatic	   opening	   of	   two	  
windows:	   one	   located	   in	   the	   living	   room,	   in	   the	   southern	   wall	   of	   the	   building,	   and	   one	  
located	  in	  the	  bedroom,	  in	  the	  northern	  wall.	  	  
The	  main	  purpose	  of	  the	  system	  is	   lowering	  the	  energy	  demand	  for	  cooling	   in	  the	  periods,	  
when	  the	  indoor	  air	  temperature	  is	  in	  similar	  range	  as	  the	  external	  temperatures.	  	  
From	   Del#4	   to	   Del#5	   the	   size	   of	   both	   windows	   used	   for	   natural	   ventilation	   has	   been	  
increased.	  This	   should	   result	   in	   increased	  airflows	   for	  natural	  ventilation.	  On	  this	  basis	   the	  
results	   from	   Del#4	   technical	   note	   is	   assessed	   to	   be	   conservative,	   resulting	   in	   sufficient	  
natural	   ventilation	   for	  most	  of	   the	   time,	  with	   the	   risk	  of	  draft	  during	   the	  periods	  with	  big	  
pressure	   difference	   between	   the	   two	  openings.	  However,	   as	   opening	   of	   the	  windows	   can	  
also	  be	  controlled	  manually,	  this	  should	  not	  cause	  significant	  discomfort	  for	  the	  occupants.	  
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Bioclimatic	  visuals	  of	  the	  Weather	  shield	  

 
Investigation	  of	   ventilation	   systems	   can	  be	   found	   in	  Appendix	   -‐	   Technical	   note	  on	  Natural	  
Ventilation	  
	  

05.6.3.9. HYBRID OR SEMI-PASSIVE SYSTEMS 
The	  main	  objective	  of	   the	  mechanical	  ventilation	  system	  is	   to	  provide	  good	  air	  quality	  and	  
ensure	  that	  the	  indoor	  climate	  demands	  set	  by	  standards	  like	  EN	  15251	  are	  met.	  In	  the	  Solar	  
Decathlon	  competition,	   this	  applies	   to	   the	  demanded	  Comfort	  Conditions	   criteria	   levels	  of	  
CO2,	   formaldehyde	  and	  moisture.	   In	   the	  summer	  peaks,	   the	  mechanical	  ventilation	  can	  be	  
used	  as	  a	  support	  of	  the	  cooling	  system	  to	  remove	  heat	  from	  the	  conditioned	  space.	  
	  
According	  to	  the	  Danish	  Building	  Regulations	  (BR10)	  the	  air	  exchange	  must	  be	  at	  least	  0,5	  h-‐1	  
and	  the	  ventilation	  system	  must	  at	  least	  be	  able	  to	  be	  forced	  to	  exhaust	  flows	  of	  20	  l/s	  from	  
kitchens	  and	  15	   l/s	   from	  bathrooms.	  The	  ventilation	  must	  be	   supplied	   in	   living	   rooms	  and	  
exhaust	  from	  polluted	  rooms.	  
	  
To	  meet	  BR10,	  the	  total	  supply	  air	  volume	  is	  distributed	  between	  the	  supply	  air	  terminals	  as	  
a	   functioning	  of	   the	  area	  of	   the	   rooms	   they	  are	   serving.	   In	  EMBRACE,	   those	   room	  are	   the	  
living	  room,	  the	  flex	  room	  and	  the	  bedroom	  on	  first	  floor.	  The	  exhaust	  air	  flow	  are	  divided	  
between	   the	   bathroom	  and	   the	   kitchen.	  However,	   since	   the	   bedroom	   is	   at	   the	   first	   floor,	  
there	  is	  a	  possibility	  of	  hot	  polluted	  air	  getting	  stale	  in	  the	  top	  of	  this	  room.	  For	  this	  reason,	  
the	  principle	  of	  single-‐room	  ventilation	  (like	  with	  decentral	  room-‐by-‐room	  AHUs)	  are	  applied	  
to	   the	   bedroom.	   The	   living	   room	   and	   the	   bedroom	   benefit	   more	   actually	   having	   higher	  
supply	  air	  exchange	  rates	  than	  the	  the	  total	  house,	  which	  gives	  a	  better	  air	  quality.	  	  	  	  	  	  	  	  	  	  
	  
The	  principle	  of	  the	  ventilation	  in	  the	  house	  is	  shown	  in	  the	  following	  chart:	  
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The	  ventilation	  system	  works	  according	  to	  a	  demand	  controlled	  ventilation	  (DCV)	  logic.	  Flow	  
rates	   change	   according	   to	   the	   need	   in	   order	   to	   provide	   a	   sufficient	   ventilation	   without	  
having	  to	  provide	  more	  than	  needed.	  	  
	  
Using	  variable	  air	  volumes	  and	  demand	  controlled	  ventilation	  are	  measures	  to	  mainly	  save	  
energy,	   but	   also	   to	  be	  able	   to	  provide	  better	   indoor	   climate	   condition	   than	  using	   average	  
ventilation	  rates	  all	  the	  time.	  
Detailed	   investigation	  of	   comparing	   the	  necessary	   to	   the	  performable	  air	   flow	   rate	  can	  be	  
find	  in:	  Technical	  note	  on	  Mechanical	  Ventilation	  (chapter	  about	  the	  Air	  flow	  rates).	  

05.6.3.10. EXTERIOR DESIGN 
One	   of	   the	   main	   task	   of	   the	   EMBRACE	   weather	   shield	   is	   to	   shelter	   the	   exterior	   urban	  
environment	  from	  wind	  and	  rain.	  It	  should	  do	  so	  without	  worsening	  the	  exterior	  conditions	  
for	   the	   thermal	   envelope.	   It	   is	   at	   the	   same	   time	   thought	   to	   extend	   the	   seasons,	  meaning	  
getting	  more	  warm	  and	  cold	  hours	  close	  to	  the	  comfortable	  temperature	  band.	  The	  cold	  and	  
warm	  season	  are	  both	  in	  Denmark	  and	  France	  considered	  to	  last	  from	  November	  to	  March	  
and	  from	  June	  to	  September	  respectively.	  The	  temperature	  averages	  of	  periods	  are	  different	  
though.	  
	  
When	   considering	   the	   thermal	   comfort	   of	   the	   occupied	   spaces,	   being	   interior	   as	   well	   as	  
exterior,	  it	   is	  important	  to	  consider	  not	  only	  (operative)	  temperature	  but	  also	  the	  humidity	  
of	  the	  air,	  as	  defined	  in	  the	  PMV	  index	  among	  others.	  As	  the	  outside	  space	  of	  EMBRACE	  has	  
shelter	   from	   the	   wind	   and	   some	   shading	   for	   direct	   sunlight,	   the	   thermal	   comfort	   in	   this	  
space	  can	  be	  considered	  mainly	  a	  function	  of	  the	  air	  temperature	  and	  humidity	  levels.	  	  	  
	  
The	  exterior	  environment	  under	  the	  weather	  shield	  is	  not	  believed	  to	  have	  similar	  humidity	  
conditions	  as	  normal	  outdoors	  as	  moisture	  productions	  inside	  are	  significant.	  It	  is	  important	  
to	  consider	  not	  creating	  a	  humid	  occupation	  space	  both	  for	  the	  occupant’s	  thermal	  comfort	  
and	  for	  avoiding	  damages	  to	  all	  constructions.	  
	  	  
The	   area	   outside	   the	   dwelling	   -‐	   Sheltered	   Garden	   -‐	   is	   a	   semi-‐outdoor	   space	   with	   natural	  
daylight	  and	  temperatures	  which	  follows	  the	  daily	  rhythm.	  This	  area	  is	  supposed	  to	  work	  as	  
a	  microclimate	  which	  can	   regulate	   the	  air	  quality	   in	   the	  Sheltered	  Garden.	  Vegetation	  will	  
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help	  clean	  the	  air	  and	  provide	  humidity,	  but	  also	  absorb	  CO2	  and	  provide	  oxygen.	  The	  plants	  
can	  also	  be	  utilized	  to	  grow	  fruits	  and	  vegetable	  and	  by	  that	  creating	  a	  self-‐sustained	  society	  
within	  the	  concept.	  	  	  
	  	  
The	   sheltered	   Garden	  will	   also	   help	  maintaining	   a	   climate	  which	   is	   expected	   to	   be	   a	   few	  
degree	  higher	  than	  the	  exterior	  due	  to	  solar	  gains	  through	  the	  glazing	  panels.	  This	  will	  help	  
reduce	  the	  heat	  transmission	  from	  the	  dwelling.	  Proper	  shaded	  glazing	  will	  reduce	  the	  risk	  of	  
glare	   and	   overheating.	   No	  mechanical	   ventilation	   is	   supposed	   to	   operate	   in	   this	   space	   so	  
only	  solar	  gains	  and	  natural	  ventilation	  will	  adjust	  the	  climate	  and	  temperatures.	  
	  	  
Drawings	  of	  the	  weather	  shield	  are	  available	  in	  DTU_PD#5	  
Investigation	  of	  the	  Weather-‐shielded	  microclimate	  is	  available	  in	  Appendix	  -‐	  Technical	  note	  
on	  Weather-‐shielded	  Microclimate	  

 
 
 
 

The	  envelope	  of	  EMBRACE	  is	  constructed	  Smart	  with	  a	  separation	  of	  the	  outer	  and	  exposed	  
envelope	  (WeatherShield	  -‐	  WS)	  and	  the	  inner	  and	  protected	  envelope	  (Thermal	  Envelope	  -‐	  

TE)	  reducing	  complexity	  of	  elements.	  Aside	  this	  the	  entire	  construction	  is	  modular.	  
	  Envelope	  separation	  and	  modularity	   increases	  possibilities	  for	  prefabrication,	  easy	  and	  
fast	   assembly/disassembly.	   With	   this	   construction	   strategy,	   efficiency	   in	   the	   build	   is	  
improved	   thus	   EMBRACE	   is	   more	   sustainable	   (see	   05.6.1.)	   economic	   as	   well	   as	  

environmental.	  	  

	  
Construction	  diagram	  -‐	  flexible	  room	  are	  renamed	  to	  hobby	  room,	  

	  gable	  wall	  does	  not	  exist	  in	  local	  proposal	  (see	  05.6.2.)	  

 

05.6.4. CONSTRUCTION SYSTEM 
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In	  detail	  separation	  of	  the	  envelope	  in	  WS	  and	  TE	  provide	  the	  following	  properties.	  
	  
WeatherShield	  provide:	  
	  

● protection	  of	  construction	  against	  weather	  stress	  thus	  extend	  lifetime	  of	  
components	  thus	  reduce	  replacement	  need	  and	  lower	  solid	  waste	  from	  the	  build.	  

● create	  a	  sheltered	  space	  (sheltered	  garden)	  attractive	  to	  our	  user	  (see	  05.6.2.)	  thus	  
secure	  more	  sustainable	  living	  of	  more	  people.	  

● possibility	  for	  some	  degree	  of	  food	  production	  and	  more	  frequent	  outdoor	  stay	  thus	  
developing	  social	  sustainability	  aspects.	  	  

 
Thermal	  Envelope	  provide:	  
	  

● efficient	  thermal	  insulation	  due	  to	  this	  being	  it’s	  main	  task	  and	  not	  protection	  
against	  weather	  stress	  which	  normally	  is	  the	  case	  thus	  higher	  efficiency.	  

● easier	  accessible	  e.g.	  windows	  for	  maintenance	  
	  

	  
One	  of	  six	  houses	  in	  Danish	  prestige	  project	  by	  REALDANIA	  -‐	  The	  maintenance	  free	  house.	  

	  
Picture	  above	  show	  a	  contributor	  to	  a	  project	  in	  Denmark	  with	  the	  objective	  of	  reducing	  CO2	  
from	   the	   lifecycle	   of	   new	   type	   houses.	   Finally	   six	   houses	   were	   build	   with	   5	   different	  
strategies	  
 

1. Reduce	  CO2	  embodied	  in	  construction	  material	  by	  upcycled	  material,	  e.g.	  
imperfection	  corks	  used	  for	  flooring.	  Impressive	  low	  results,	  difficult	  to	  type	  produce	  
though.	  EMBRACE	  use	  same	  terrace	  flooring.	  	  	  

2. Reduce	  CO2	  with	  elongated	  lifetime	  done	  with	  old	  building	  method.	  
3. Reduce	  CO2	  with	  elongated	  lifetime	  done	  with	  glass	  protection	  and	  recessed	  facade.	  
4. Reduce	  CO2	  from	  refiguration	  and	  moving	  with	  flexibility	  e.g.	  moveable	  walls.	  
5. Reduce	  CO2	  by	  kvotering	  energy	  consumption	  in	  the	  use	  phase	  e.g.	  competition.	  
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The	   third	   strategy	   is	   coherent	   with	   the	   concept	   of	   EMBRACE	   (see	   picture	   above)	   for	   this	  
house	   a	   LCA	   has	   been	   conducted	   to	   compare	   the	   strategies.	   This	   LCA	   have	   resulted	   in	  
measures	  of	  kg	  CO2/m2/year	  which	  have	  been	  compared	  with	  a	   reference	  house	   (a	   typical	  
typehouse).	  
	  
 

 
Comparison of the two houses, where the maintenance free house is the best. 

 
From	   the	  diagram	  above	   its	   seen	   that	   renewal	   and	   EoL	   is	   halved	   in	   the	  maintenance	   free	  
house	  this	  is	  very	  important	  result	  thus	  we	  can	  expect	  the	  same	  with	  EMBRACE.	  

	  
 

 

05.6.5.1. GREEN MATERIALS 
The	   first	   possible	  materials	   for	   the	  EMBRACE	   	  were	  drafted	  by	   the	   architectural	   designers	  
and	  a	   thorough	  material	   catalogue	  were	   formed.	  All	   those	  materials	  were	  analysed	  with	  a	  
tool	   called	  MECO	   -‐	  Materials,	   Energy,	   Chemicals	   and	  Other.	  This	   is	   a	   tool	   used	   to	   identify	  
potential	   environmental	   impacts	   in	   the	   five	   life-‐cycle	   stages:	  Raw	  materials,	  Manufacture,	  
Transport,	  Use,	  Disposal.	  The	  tool	   is	  used	  for	  a	  quick	  screening	  of	   life	  cycle	  stage.	  Through	  
MECO	   the	   selection	   of	   materials	   was	   narrowed	   down	   to	   those	   materials	   which	   had	   low	  
environmental	  impacts.	  	  
	  
Everybody	   who	   was	   involved	   with	   choice	   of	   materials	   (construction	   team,	   architectural	  
designer	  team	  etc.)	  were	  presented	  for	  the	  philosophy	  behind	  Life	  cycle	  assessment	  (LCA).	  	  
This	   was	   utilized	   to	   create	   greater	   awareness	   of	   how	   to	   assess	   the	   sustainability	   of	   a	  
material.	  The	  main	  point	  here	  is	  that	  you	  have	  to	  include	  all	  life	  stages	  of	  a	  material	  and	  the	  
decision	  makers	  of	  choice	  of	  the	  materials	  must	  keep	  that	  in	  mind.	  	  
	  
The	  LCA	  	  for	  the	  materials	  was	  seen	  as	  the	  optimal	  method	  to	  assess	  the	  sustainability	  of	  the	  
materials,	  however	  this	  was	  not	  proven	  to	  be	  effective	  	  for	  several	  reasons:	  	  

05.6.5. MATERIALS 
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● Not	  all	  the	  materials	  were	  available	  in	  the	  EcoInvent	  database,	  which	  made	  it	  
difficult	  to	  make	  a	  comparison	  	  

● It	  was	  not	  possible	  to	  model	  the	  materials	  as	  part	  of	  EMBRACE	  eco-‐system,	  since	  the	  
design	  of	  the	  house	  was	  not	  determined.	  SoThe	  materials	  were	  modelled	  as	  a	  single	  
eco-‐system	  and	  not	  as	  a	  part	  of	  the	  EMBRACE	  eco-‐system,	  which	  induce	  that	  only	  
the	  environmental	  impact	  of	  the	  material	  was	  measured	  and	  not	  how	  the	  technical	  
performance	  will	  affect	  EMBRACE’s	  total	  environmental	  impact.	  	  

● The	  results	  for	  LCA	  it	  not	  unequivocal.	  ReCiPe	  2008	  was	  chosen	  as	  characterisation	  
method	  according	  to	  TEE	  guide.	  	  By	  using	  that	  method	  the	  results	  is	  given	  in	  18	  
different	  categories.	  If	  the	  results	  of	  two	  materials	  is	  in	  the	  same	  range,	  but	  have	  
different	  results	  in	  the	  categories,	  it	  is	  impossible	  to	  say	  which	  material	  is	  more	  
sustainable	  

● You	  can	  sum	  the	  results	  in	  CO2	  equivalent,	  which	  is	  one	  number.	  However	  this	  only	  
shows	  one	  aspect	  of	  the	  environmental	  emissions,	  hence	  it	  would	  not	  be	  accurate.	  	  

 
The	   above	   mentioned	   reasons	   originate	   for	   performing	   LCA	   on	   materials.	   Based	   on	   the	  
reasons,	   LCA	   study	   for	   the	  materials	   was	   not	   chosen	   as	   the	  main	   decision	  maker	   for	   the	  
choice	  of	  the	  materials.Other	  aspects	  such	  as	  material	  made	  out	  of	  recycle	  materials,	  locally	  
manufactured	   materials,	   recyclable	   materials,	   environmental	   certified	   materials	   were	  
considered.	  	  	  	  
	  
As	  far	  as	  possible	  locally	  manufactured	  products	  were	  chosen,	  in	  that	  way	  we	  can	  insure	  	  	  to	  
keep	   the	   environmental	   impact	   down.	   The	   transportation	   distance	   is	   short	   and	   the	  
products/materials	  can	  be	  transported	  with	  train	  or	  truck,	  which	  is	  the	  most	  environmental	  
friendly	   transportation	   means	   regarding	   transportation	   of	   goods.	   The	   technology	   level	   in	  
Europe	  is	  quite	  high	  compared	  with	  the	  technology	  level	  in	  developing	  countries,	  where	  the	  
many	   manufacturing	   plants	   are	   located.	   The	   high	   technology	   level	   induce	   that	   the	  
manufacturing	  machines	  are	  more	  environmental	  friendly	  than	  machines	  in	  countries	  where	  
the	   technology	   level	   is	   low.	   Moreover	   the	   legislation	   considering	   pollution	   from	   a	  
manufacturing	   plant	   is	  much	  more	   strict	   in	   Europe	   than	   other	   places	   in	   the	  world,	  which	  
affect	  the	  environmental	  impact	  in	  a	  positive	  direction.	  	  
	  
If	  it	  was	  available	  materials	  certified	  with	  Nordic	  Ecolabel	  and	  Cradle	  to	  cradle	  were	  chosen.	  	  
Nordic	  Ecolabel	  is	  the	  official	  ecolabel	  for	  the	  nordic	  countries.	  Nordic	  Ecolabel	  works	  in	  the	  
framework	  of	  eco-‐efficiency.When	  developing	  the	  criterias	  for	  certification	  the	  label	  involve	  
the	  whole	  life	  cycle	  of	  the	  product	  and	  the	  related	  the	  environmental	  issues.	  The	  intention	  is	  
to	  minimizing	  the	  environmental	  impact	  of	  the	  product.	  If	  you	  purchase	  a	  product	  certified	  
with	   the	   Nordic	   Ecolabel,	   you	   can	   be	   certain	   that	   it	   is	   one	   of	   the	   best	   performing	  
environmental	  friendly	  product	  within	  it’s	  product	  category.	  	  
Cradle	   to	  Cradle	   is	  an	  environmental	  philosophy,	  which	  core	  principle	   is	   that	  waste	  should	  
be	  upcycled	  and	  should	  be	  used	  as	  input	  in	  other	  eco-‐systems.	  Cradle	  to	  cradle	  certification	  
addresses	  problems	  related	  to	  human	  and	  environmental	  health.	  	  
Both	  certifications	  approach	  is	  to	  minimize	  the	  environmental	  impact,	  thus	  a	  Nordic	  Ecolabel	  
or	  Cradle	  to	  Cradle	  certified	  materials	   is	  green	  materials	  with	   low	   impact	  compared	  to	  the	  
same	  kind	  of	  material	  without	  certification.	  
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As	   far	   as	   possible,	   materials	   which	   are	   made	   of	   recyclable	   materials	   is	   chosen	   and	   also	  
recyclable	   materials.	   With	   choosing	   materials	   based	   on	   those	   two	   principles	   	   low	  
environmental	  impact	  is	  assured,	  because	  a	  minimal	  amount	  of	  materials	  are	  going	  to	  waste	  
and	  the	  materials	  will	  be	  kept	  in	  the	  loop.	  	  
	  
Materials	  which	  were	  assessed	  to	  have	  same	  sustainability	  level	  were	  chosen	  based	  on	  other	  
important	   parameters	   such	   as	   architectural	   aesthetic,	   affordability	   and	   technical	  
performance.	  	  

05.6.5.2. INCORPORATED ENERGY 
The	  method	  of	  Cumulative	  Energy	  Demand	  V1.08	  is	  used.	  The	  energy	  demand	  for	  materials	  
is	  	  327589	  	  MJ/m2/year	  

05.6.5.3. INCORPORATED CO2. 
The	  method	  of	  IPCC	  	  2007	  	  GWP	  	  100a	  V1.02	  is	  used.	  The	  incorporated	  CO2	  for	  materials	  is	  
19187.5	  CO2	  equivalent/m2	  

05.6.5.4. MAINTENANCE PLAN 
In	   general	   Services	   and	   Skin	   are	   to	   some	   degree	   expected	   renewed	  within	   the	   EMBRACE	  
lifetime	   of	   50	   years	   according	   to	   LCA.	   To	   justify	   proper	   selection	   of	   lifetimes	   for	   different	  
types	   of	   components/materials	   according	   to	   their	   placement	   in	   construction	   studies	   have	  
been	   conducted.	   As	   an	   example	   finishes	   are	   more	   exposed	   than	   structures	   thus	   finishes	  
have	  shorter	  lifespan.	  
	  
In	   general	   it’s	   expect	   that	   due	   to	   the	   weathershield	   of	   EMBRACE	   normally	   exposed	  
components	  can	  be	  protected	  thus	  have	  longer	  lifespans.	  
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Maintenance plan developed from local and global references. 
 
Following	  studies	  have	  been	  conducted:	  
	  

Sbi,	  2013,	  (free	  english	  translate)	  Lifetime	  of	  building	  elements	  when	  assessing	  
sustainability	  and	  LCC,	  Danish	  Building	  Research	  Institute	  (Sbi)	  accesed	  in	  danish	  14-‐
03-‐25:	  www.sbi.dk	  (shortned).	  
NAHB	  and	  Bank	  of	  America,	  2007,	  Study	  of	  Life	  Expectancy	  of	  Home	  Components,	  
National	  Association	  of	  Home	  Builders/Bank	  of	  America	  Home	  Equity	  accesed	  14-‐04-‐
10:	  www.nahb.org	  (shortned).	  
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Active	   systems	   are	   systems	  which	   use	   energy	   to	   produce	   energy	   or	   to	   convert	   it	   in	   other	  
forms.	   One	   strategy	   is	   to	   fulfill	   the	   energy	   demands	   using	   efficient	   active	   systems	   which	  
exploit	   renewable	   resources.	   This	   could	   be	   utilizing	   the	   sun	   energy	   in	   either	   electrical	   or	  
thermal	  purposes,	  or	  by	  utilizing	  energy	  provided	  by	  wind	  or	  water	  streams.	  For	  the	  specific	  
competition	  mainly	  sun	  and	  wind	  will	  be	  exploited,	  based	  on	  the	  SD2014	  regulation.	  
The	  implementation	  of	  the	  active	  systems	  need	  to	  be	  taken	  in	  account	  from	  the	  building	  site	  
phase	  which	  means,	   that	   the	  active	  systems	  can	  affect	   the	  orientation	  of	   the	  building	  and	  
site	  placement	  but	  also	  geometry	  of	  the	  building.	  Cast	  shadows	  from	  nearby	  constructions	  
need	  to	  be	  considered	  as	  they	  can	  influence	  the	  effectiveness	  of	  the	  active	  systems.	  
	  
In	  order	  to	  keep	  the	  high	  air	  quality	  level	  required	  for	  the	  desired	  indoor	  climate	  class,	  quite	  
high	   ventilation	   rates	   are	   required	   compared	   to	   normal	   residential	   ventilation.	   This	   is	  
especially	   due	   to	   the	   house	   being	   small	   and	  with	   a	   low	   ceiling	   height,	  while	   still	   also	   the	  
typical	   residential	   pollution	   sources.	   The	   high	   ventilation	   rates	   accounted	   for	   a	   very	   large	  
part	   of	   the	   heat	   loss	   and	   building	   operation	   electrical	   cost	   although	   a	   very	   efficient	   air	  
handling	   unit	   was	   chosen.	   It	   was	   therefore	   decided	   to	   implement	   demand	   control	  
ventilation	  with	  different	  fan	  speeds	  to	  save	  energy	  in	  especially	  daytime	  where	  no	  people	  
may	  be	  present.	  At	  the	  same	  time,	  the	  ventilation	  system	  can	  be	  made	  to	  accommodate	  a	  
satisfactory	   indoor	   climate	   of	   e.g.	   4	   people	   having	   dinner	   together	   in	   the	   house	   or	   large	  
moisture	  load	  like	  while	  cooking	  or	  showering.	  See	  Appendix	  -‐	  Technical	  Note	  on	  Mechanical	  
Ventilation	  for	  Details.	  

05.6.6.1. HVAC 
The	  EMBRACE	   is	  a	  plus-‐energy	  house,	   therefore	   it	  needs	  to	  produce	  energy.	   In	  addition	  to	  
the	   electricity	   generated	   by	   the	   PV	   tiles,	   some	   other	   systems	   are	   implemented	   to	   create	  
heating	   and	   cooling	   locally	   for	   the	   house.	   For	   heating	   production,	   solar	   collectors	   are	  
mounted	  on	   the	  weather	   shield:	   they	  will	   produce	  hot	  water	   that	  will	  mainly	   be	  used	   for	  
DHW,	  but	   also	   for	   space	  heating	   in	   spring	   and	  autumn.	   The	   solar	   resource	  being	   irregular	  
and	   not	   predictable,	   other	   systems	   must	   be	   implemented:	   the	   DHW	   is	   provided	   by	   a	  
compressor	  included	  in	  the	  ventilation	  system,	  which	  acts	  as	  active	  heat	  recovery	  and	  takes	  
heat	  from	  the	  ventilation	  air	  of	  the	  house.	  This	  system	  is	   integrated	   in	  the	  Compact	  P	  unit	  
from	  Nilan	  (see	  description	  below),	  and	  it	  can	  cover	  the	  needs	  for	  DHW.	  The	  space	  heating	  
needs	  are	  larger	  and	  therefore	  require	  another	  system:	  an	  air-‐to-‐water	  external	  heat	  pump	  
is	  placed	  outside	  the	  house	  for	  this	  purpose,	  and	  linked	  to	  the	  storage	  tank	  in	  the	  technical	  
room.	  
For	   cooling,	   the	  main	   concept	   is	   to	   exploit	   nighttime	   radiative	   cooling.	   This	   will	   be	   done	  
through	   the	   installation	   of	   unglazed	   solar	   collectors	   on	   the	   terrace	   of	   the	   lot,	   where	   hot	  
water	  will	  be	  circulated	  at	  night	  and	  be	  cooled	  down	  by	  radiation	  towards	  the	  sky.	  The	  water	  
cooled	   is	   kept	   in	   a	   storage	   tank	   for	   usage	   the	   next	   day.	   In	   case	   this	   free	   cooling	   is	  
insufficient,	   the	  external	  air-‐to-‐water	  heat	  pump	   is	   reversible	  and	  can	  be	  used	   to	  produce	  
cold	  water	  as	  well.	  

05.6.6. ACTIVE SYSTEMS AND EQUIPMENT 
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Heating modes 
The	   heating	   system	   has	   three	   possible	   sources:	   the	   solar	   resource	   collected	   by	   the	   solar	  
collectors,	   the	  heat	  of	  the	  outside	  air	  “captured”	  by	  the	  external	  heat	  pump,	  and	  the	  heat	  
recovered	   from	   the	   ventilation	   air	   (supply	   or	   exhaust).	   It	   is	   important	   to	   note	   that	   the	  
circuits	  connecting	   the	  solar	  collectors,	   the	  heat	  pump	  and	  the	   two	  heat	  exchangers	  don’t	  
contain	  water,	  but	  an	  antifreeze	  mixture	  (brine	  or	  water	  and	  glycol)	  to	  avoid	  freezing	  issues	  
in	  winter.	  

Cooling modes  
As	   for	   the	   heating,	   there	   are	   different	   cooling	   sources	   in	   the	   system:	   radiative	   nighttime	  
cooling	  and	  the	  reversible	  heat	  pump.	  As	  the	  radiative	  cooling	  occurs	  during	  the	  night,	  the	  
operation	  mode	  needs	  to	  be	  described	  during	  a	  24	  hours	  cycle.	  
	  
Detailed	  investigation:	  
Technical	  note	  on	  Heating	  and	  Cooling	  Modes	  
Drawings:	  
ME-‐001	  -‐	  HVAC	  distribution	  plan	  
ME-‐011	  -‐	  HVAC	  equipment	  
ME-‐021	  and	  ME-‐031	  -‐	  Heating	  and	  Cooling	  
ME-‐201	  -‐	  HVAC	  System	  Schematic	  drawings	  

05.6.6.2. LIGHTING 
Embrace	   has	   the	   artificial	   lighting	   design	   kept	   very	   low	  by	   high	   daylight	   factors	   and	   using	  
efficient	   LED	   lamps.	  A	   total	  of	   179	  kWh/year	   is	   found	   in	  EMBRACE	   compared	   to	  around	  a	  
average	  consumption	  of	  450	  kWh/year	  in	  a	  1-‐2	  person	  family.	  By	  applying	  the	  loads	  of	  the	  
efficient	   appliances	   and	   equipment	   chosen	   for	   EMBRACE,	   a	   large	   heat	   gain	   is	   removed	   a	  
almost	  a	  new	  equal	  amount	  for	  space	  heating	  is	  needed	  instead.	  The	  high	  daylight	  levels	  in	  
all	  daily	  hours	  of	  the	  year	  should	  encourage	  residents	  to	  turn	  off	  the	   light	   in	  order	  to	  save	  
electricity.	  The	  artificial	  lighting	  design	  of	  EMBRACE	  is	  from	  an	  aesthetical	  point	  of	  view,	  but	  
features	  a	  very	  low	  nominal	  installed	  consumption.	  Combined	  with	  high	  daylight	  levels,	  the	  
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electrical	   consumption	   from	   artificial	   light	   is	   sharply	   reduced	   compared	   to	   standard	   new	  
residential	  buildings.	  	  	  	  	  
Detailed	  investigation	  is	  in	  Energy	  Efficiancy	  Design	  Narrative	  -‐	  05.4.2.2	  
Appendix	  -‐	  Technical	  note	  on	  Lighting	  and	  Daylight	  

05.6.6.3. HOT WATER EQUIPMENT 
The	   design	   of	   the	   supply	   and	   sewage	   water	   systems	   is	   in	   accordance	   with	   the	   Danish	  
Building	   Regulations	   BR10.	  Water	   storage	   tanks	   are	   dimensioned	   with	   appropriate	   safety	  
factors	  to	  ensure	  adequate	  capacity	  for	  the	  duration	  of	  the	  competition.	  
Based	  on	  the	  Sub-‐contest	  6.7:	  Hot	  water	  draws,	  the	  domestic	  hot	  water	  tank	  will	  have	  a	  size	  
of	  180	  liters.	  While	  designing	  the	  system,	  not	  only	  the	  draws	  off	  of	  the	  sub-‐contest	  had	  been	  
taken	  into	  account	  but	  some	  appliances	  in	  the	  house	  such	  as	  the	  dishwasher,	  dryer	  and	  the	  
washing	  machine	  requires	  hot	  water	  to	  operate	  in	  a	  energy	  efficient	  way.	  	  
The	   water	   for	   the	   radiant	   floor	   comes	   from	   a	   separate	   buffer	   tank	   connected	   to	   a	   heat	  
pump,	  with	  a	  volume	  of	  750	  lt.	  See	  the	  section	  “Technical	  Note	  on	  DHW	  tank	  insulation	  and	  
hydraulic	  pipes”	  for	  further	  details	  and	  data	  about	  the	  calculations.	  The	  routing	  can	  be	  found	  
in	  the	  drawing	  PL-‐001	  and	  PL-‐101.	  

05.6.6.4. APPLIANCES 
Our	   selection	   strategy	   applied	   when	   choosing	   appliances	   is	   well	   in	   line	   with	   our	   overall	  
general	   concepts	   to	   apply	   sustainability	   in	   the	   build	   environment.	   The	   concept	   describes	  
how	  designing	  Smart	  which	  a	  high	  degree	  of	  cross	  disciplinary	  knowledges	  while	  Save	  where	  
its	  advantageous	  and	  Share	  the	  appliances	  within	  the	  community.	  
	  
The	  appliance	  will	  likely	  have	  either	  the	  A+++	  label	  for	  the	  European	  market	  	  or	  the	  ENERGY	  
STAR®	  label	  for	  products	  from	  the	  U.S.	  market.	  For	  the	  specific	  design	  the	  European	  market	  
is	  preferred	  to	  maintain	  a	  sustainable	  approach	  where	  local	  resources	  are	  often	  the	  best.	  
	  
Appliances	  with	  multifunctionality	  can	  be	  rewarding,	  because	  one	  product	  can	  be	  sufficient	  
instead	   of	   seval.	   In	   function	   the	   multifunctionality	   appliances	   can	   benefit	   from	   its	   other	  
functions,	  this	  is	  found	  to	  be	  the	  case	  for	  fridge-‐freezer	  solutions.	  
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Strategy	  for	  best	  integration:	  

1)	  Significant	  energy	  savings	  can	  be	  achieved	  by	  placing	  the	  fridge-‐freezer	  in	  a	  cool	  
spot,	  avoiding	  placement	  next	  to	  heat	  sources	  like	  ovens	  and	  radiators,	  or	  in	  direct	  
sunlight	  

2)	  Higher	  insulation	  at	  the	  bottom	  of	  the	  fridge	  when	  bordering	  with	  floor	  heating	  

3)	  Defrost:	  Frequent	  defrosting	  keeps	  the	  evaporator	  unit	  clean	  from	  thick	  layers	  of	  
ice,	  enabling	  it	  to	  operate	  more	  efficiently	  

4)	   Warm	   air	   enters	   the	   cabinet,	   and	   causes	   the	   compressor	   to	   switch	   on	  
unnecessarily	  :	  open	  door	  alarm,	  to	  aware	  people	  in	  case	  it	  is	  forgotten	  open	  

5)	  The	  condenser	  on	  the	  back	  and	  the	  space	  underneath	  the	  fridge	  should	  be	  kept	  
free	   from	   dust	   and	   last	   week’s	   leftovers:	   so	   it	   will	   be	   located	   as	   the	   last	   in	   the	  
appliance	  row,	  so	  that	  to	  make	  it	  accessible	  

  
 
With	  efficient	  appliances	  used	  every	  day	  a	  lot	  is	  to	  be	  gained,	  an	  example	  is	  the	  stove	  where	  
induction	  technology	  reduce	  cooking	  time	  and	  only	  develop	  heat	  where	  it	  is	  to	  be	  used.	  	  
 
Strategy	  for	  best	  integration:	  	  

1)	  Fan	  assisted	  ovens	  20%	  less	  energy	  than	  standard	  oven	  

2)	  Traditional	  electric	  oven	  combined	  with	   induction	  technology	  enables	  a	  gain	  of	  
time	  of	  up	  to	  50%	  and	  50%	  energy	  saved.	  

3)	   Possibility	   of	   selection	   of	   recipes	   prevents	   from	   failures	   during	   cooking	   and	  
switches	  the	  oven	  off	  when	  required.	  

4)	  	  Also,	  self-‐cleaning	  ovens	  are	  more	  efficient	  because	  they	  are	  better	  insulated	  

 

Products and their performances 
In	  general	  the	  products	  examined	  are	  quality	  products	  with	  known	  durability	  which	  secure	  
long	   lifetime	   and	   environmental	   impact	   will	   be	   a	  minimum.	   Often	   replacement	   are	   a	   big	  
environmental	  threat	  as	  it	  requires	  new	  material,	  transportation	  and	  so	  on.	  
The	   electrical	   consumptions	   and	   loads	   of	   the	   appliances	   and	   home	   electronics	   are	   listed	  
below.	  
See	  Appendix	  -‐	  Technical	  Note	  on	  House	  Management	  for	  details.	  
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  kWh per 
year 

kWh per 
cycle 

N° of time 
per week 

N°of weeks Minutes per 
cycle 

kWp Average 
kW in cycle 

Dryer with HP 141 1,6 2 44 110 2,85 0,9 

Fridge-freezer 130 - - - - - 0,2 

Stove 281 0,9 7 44 30 7,4 1,8 

Oven 86 0,65 3 44 60 3,65 0,7 

Dishwasher 132 0,6 5 44 35   1,0 

Clothes washer 88 1 2 44 60   1,0 

Television/ 
Computer 

53 0,2 6 44 320 - 0,05 

Router TBD      TBD 

IHC controller TBD      TBD 

PLC controller TBD      TBD 

Total annual electrical requirement for appliances and electronics = 911 kWh/year 

 
 
 
 

 
Embrace	  is	  as	  well	  as	  its	  occupants	  and	  nature	  in	  general	  taking	  advantage	  of	  light,	  here	  in	  
specific	   the	  solar	  energy.	  This	  resource	   is	  utilized	  Smart	   in	  many	  aspect	  of	  the	  Embrace,	   in	  
the	  Weather	  Shield42	  several	  solutions	  for	  this	  are	  integrated.	  This	  is	  transparent	  PV,	  typical	  
PV	  and	  solar	  collectors.	  These	  are	  all	  directed	  towards	  souths	  at	  an	  inclination	  of	  23°.	  
	  
According	   to	   a	   strategy	   for	   local	   and	   dynamic	   energy	   production	   which	   is	   under	  
development	   (e.g.	  Smart	  Grid)	   it	   results	   that	  community	  could	   in	  the	  future	  save	  electrical	  
infrastructure	   	   and	   produce	   electricity	   in	   a	   more	   efficient	   way	   with	   fewer	   emission.	  
Moreover	  thanks	  to	  a	  smart	  grid	  connection,	   it	   is	  possible	  to	   inlet	  energy	   in	  the	  grid	  when	  
the	  production	  is	  high	  and	  get	  it	  back	  when	  the	  incident	  solar	  radiation	  is	  low.	  
	  
Before	  accepting	  that	  PV	  is	  one	  of	  the	  beneficial	  technologies	  that	  is	  clever	  to	  implement	  to	  
approach	   sustainability	   in	   the	   build	   environment.	   We	   should	   justify	   a	   severe	   electricity	  
production	  compared	  to	  the	  energy	  used	  for	  manufacturing	  (embodied	  energy).	  This	  is	  done	  
though	  the	  energy	  recovery	  time	  measure.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
42	  Roof	  of	  the	  Embrace,	  which	  extent	  over	  both	  semi	  outdoor	  space	  and	  thermal	  envelope.	  	  

05.6.7. SOLAR SYSTEMS 
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05.6.7.1. ENERGY RECOVERY TIME 
With	  SimaPro	  v8	  and	  Ecoinvent	  3.0	  the	  cumulative	  energy	  demand	  is	  found	  for	  the	  system	  
planned	   for	   EMBRACE	   when	   located	   in	   Nordhavn,	   Copenhagen	   with	   PV	   system	   directed	  
towards	   south	   and	   with	   the	   installed	   effect	   of	   5.9	   kWp	   by	   57.6	   m2	   of	   225	   Wp	   single-‐
crystalline	   silicon	  panels.	  Only	   one	   inverter	   of	   2.5	   kW	   is	   selected,	  when	   the	  mistake	  done	  
with	  two	  is	  assumed	  bigger	  than	  with	  only	  one.	  	  
	  
This	  PV	  system	  is	   found	  to	  require	  1.76E5	  MJ	  (fossil)	  and	  2.99E4	  MJ	  (nuclear)	  summed	  the	  
embodied	   in	   the	   system	   is	   2.06E5	  MJ.	  With	   an	   simulated	   production	   of	   5357	   kWh43/year	  
according	  to	  PVSYST	  V5.06.	  
	  
Calculation	   have	   been	   done	   with	   Cumulative	   Energy	   Demand	   V1.08	   /	   Cumulative	   energy	  
demand	  method	  in	  SimaPro	  on	  behalf	  of	  input	  below.	  Graphs	  are	  made	  from	  a	  minus	  with	  
the	  embodied	  energy	  added	  energy	  production	  every	  year.	  
	  

	  
Data	  selection	  in	  SimaPro	  for	  PV	  panel	  production,in	  Copenhagen,	  production	  limitation	  is	  not	  

considered.	  
Photovoltaic	  panel,	  single-‐Si	  wafer	  {RER}|	  production	  |	  Alloc	  Def,	  U	   57,6	  m2	  
Inverter,	  2.5kW	  {RER}|	  production	  |	  Alloc	  Def,	  U	   1	  pcs.	  
 
 

	  
Cumulative	  energy	  for	  production	  added	  yearly	  production,	  without	  losses.	  

	  
From	  the	  graph	  above	  we	  see	  that	  the	  PV	  system	  will	  produce	  in	  9	  years	  before	  benefits	  can	  
be	  drawn	   in	   relation	   to	  energy	  used	   for	  production.	  Over	   the	  expected	   lifetime	  of	  30	  year	  
the	   system	   will	   produce	   2.5	   times	   more	   than	   the	   cumulative	   energy	   used	   to	   produce	   it.	  
There	   is	   not	   considered	   any	   reduced	   efficiency	   for	   the	   PV	   panels	   over	   time.	   This	   result	  
should	  be	  improved.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
43	  1	  kWh	  equals	  3.6	  MJ	  
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05.6.7.2. CO2 EMISSIONS 
Details	  of	  the	  Solar	  system	  as	  well	  as	  program	  are	  as	  explained	  in	  the	  paragraph	  above.	  The	  
PV	   system	  production	   is	   found	   to	   cause	  1.23E4	  kg	  CO2	  eq.	  according	   to	   IPCC	   	  2007	   	  GWP	  	  
100a.	  According	  to	  same	  database	  production	  of	  1	  kWh	  electricity	  implies	  0.514	  kg	  CO2	  eq.	  
	  

	  
CO2	  emission	  equivalents	  for	  production	  added	  reduction	  over	  lifetime,	  without	  losses.	  	  

	  
The	   reduction	   in	   CO2	   emission	   (eq.)	   will	   yearly	   be	   2754	   kg	   CO2	   eq..	   After	   5	   years	   of	  
production	  benefits	  can	  be	  drawn	  in	  relation	  to	  CO2	  eq.	  emissions	  for	  production.	  During	  30	  
years	  of	  production	  the	  system	  will	  reduce	  CO2	  eq.	  5,7	  times	  more	  than	  used	  to	  produce	  it.	  
See	  appendix	  for	  datasheet	  with	  30	  year	  lifetime.	  

05.6.7.3. ACCESSIBILITY 
Inverter	   will	   be	   placed	   in	   technical	   room	   available	   for	   maintenance	   and	   delivering	   heat	  
production	  to	   the	  Thermal	  Envelope.	  The	  accessibility	   to	   the	  technical	   room	  and	  the	  exact	  
position	   of	   the	   different	   components	   (PV	   modules,	   junction	   boxes,	   inverter,	   protection	  
devices,	  etc.)	  will	  be	  determined	  at	  a	  later	  stage	  of	  the	  project.	  
	  
Access	  to	  PV	  cells	  are	  done	  from	  the	  south	  facade	  where	  some	  level	  of	  roof	  ladder	  should	  be	  
integrated	  in	  order	  to	  clean	  the	  panels	  approximately	  once	  per	  year.	  Drawing	  of	  this	  will	  be	  
developed.	  

 
 
 
 

 
Total	   water	   consumption	   in	   Denmark	   is	   almost	   1000	   million	   m³	   per	   year,	   which	   comes	  
entirely	   from	   groundwater.	   This	   compares	   to	   an	   estimated	   resource	   of	   1,800	   million	   m³	  
groundwater	  per	  year.	  About	  one	  third	  is	  consumed	  by	  households,	  one	  third	  by	  agriculture	  
and	  market	  gardens,	  and	  one	  third	  by	  industry	  and	  institutions.	  Some	  industries	  buy	  water	  
from	  the	  public	  network,	  while	  others	  pump	  their	  own	  water.	  
	  

05.6.8. WATER 
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Household	  water	  use	  in	  Denmark	  stood	  at	  114	  liters/capita/day	  in	  2009.	  Between	  1994	  and	  
2009,	  household	  consumption	  has	  declined	  from	  50	  to	  41.4	  m3	  per	  person	  per	  year.	  Water	  
savings	  were	  caused	  by	  new	  installations	  (e.g.	  shower	  and	  toilets),	  water	  saving	  campaigns	  
and	  a	  higher	  awareness	  of	  the	  environment	  among	  consumers,	  combined	  with	  a	  rise	  in	  the	  
water	  price.	  
	  
Strategy:	   use	   a	   tank	   of	   around	   150	   liters	   (it	   is	   the	   same	   volume	   of	   the	   daily	   estimated	  
rainwater	  to	  be	  collected)	  for	  hydroponic	  agriculture	  and	  a	  tank	  of	  600	  liters	  for	  grey	  water	  
collection.	  This	  tank	  has	  been	  sized	  based	  on	  the	  volumes	  of	  water	  exhausted	  and	  removed	  
during	  the	  competition.	  
	  
For	   the	  Copenhagen	  scenario	   rain	  water	  and	  grey	  water	  will	  be	  used	   for	  garden	   irrigation,	  
cleaning	  and	  flushing	  the	  toilet.	  The	  consumption	  of	  water	  for	  washing	  machine	  and	  sinks	  is	  
reduced	   thanks	   to	   the	   choice	  of	   efficient	   appliances.	   The	  washing	  machine	   allows	   to	   save	  
around	  15	  liters	  per	  cycle	  (55	  liters	  against	  the	  70	  average).	  The	  use	  of	  aerators	  reduces	  the	  
consumption	  of	  around	  55%	  for	  showering	  and	  25%	  for	  sinks	  which	  would	  results	  in	  at	  least	  
30	   liters/day	   saved	   (just	   applying	   55%	   to	   a	   shower	   of	   50	   liters	   this	   results	   in	   27.5	   liters	  
saved).	  
	  
Considering	  6	  liters/m2/day	  saved	  for	  irrigation	  with	  a	  garden	  area	  of	  5	  m2,	  2.2	  liters	  saved	  
for	  cleaning	  55	  m2	  of	  floor	  (0.04	  liters/m2)	  and	  3	  liter	  per	  WC	  flushing,	  used	  6	  times	  for	  two	  
people	  per	  day,	  the	  grey	  and	  rain	  water	  use	  would	  save	  50.2	  liters/day.	  Adding	  to	  this	  the	  60	  
liters	  previously	  estimated	  (30	  lt	  per	  person)	  and	  considering	  an	  average	  water	  consumption	  
of	   228	   (114	   liters/person/day	   x	   2	   people),	   this	   would	   result	   in	   a	   water	   saving	   of	   around	  
48,3%	  compared	  to	  the	  local	  context.	  
 

Table of possible water savings and final consumption. 

	   Water	  Savings	  

Typical	  water	  
Consumption	  in	  
Denmark	  

Total	  Water	  Savings	  
(%)	  

Water	  uses	   	   	   	  
Toilet,	  washing	  
machine,	  sink	  (per	  
person)*	   30	   -‐	   -‐	  
Grey	  water	  and	  rain	  
water	  reuse**	   50,2	   -‐	   -‐	  

Total	  
(liters/2people/day)	   110,2	   114x	  2	  

48,3	  

Total	  
(liters/1person/day)	   80,2	   114	  

70,35	  

*value	  in	  function	  of	  n°	  of	  inhabitants	  
**value	  independent	  by	  the	  n°	  of	  inhabitants,	  house	  related	  
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Consumption	  per	  day	  (lt)	   Embrace	   Local	  Scenario	  

2	  people	   118	   224	  

1,5	  people	  (value	  applied	  for	  LCA)	   76	   171	  

1	  person	   34	   114	  

 

Black water 
The	   black	   water	   of	   the	   house,	   i.e	   the	   water	   that	   derives	   from	   the	   dish	   washer	   and	   the	  
flushing	  of	  the	  toilets,	   is	  not	  expected	  to	  be	  treated	  in	  order	  to	  be	  reused	  for	  the	  needs	  of	  
the	  house,	  neither	  in	  the	  Copenhagen	  scenario.	  Black	  water	  is	  characterized	  as	  toilet	  waste	  
from	   water	   closets	   and	   contains	   urine,	   faeces,	   toilet	   paper	   and	   flush	   water	   and	   is	   very	  
loaded	  with	  organic	  and	  hazardous	  substances	  and	  also	  coliforms	  that	  make	  it	  of	  grate	  risk	  
for	   health	   if	   not	   treated	   properly.	   Black	   water	   is	   very	   loaded	   in	   organic	   substances	   and	  
hazardous	   elements.	   Its	   use	   only	   applies	   to	   specific	   areas	   of	   use	   and	   is	   economically	  
unaffordable	  in	  terms	  of	  a	  single	  house,	  especially	  considering	  the	  small	  amount	  exhausted	  
daily.	   It	   is	   therefore	   expected	   to	   be	   removed	   regularly	   to	   be	   lead	   to	   more	   appropriate	  
depurating	  systems.	  

05.6.8.1. GREY WATER REUSE 
The	   grey	  water	  will	   be	   used	   as	   a	   support	   for	   agriculture	   (to	   irrigate	   a	   green	  wall)	   and	   for	  
cleaning	  purpose.	   It	   could	  have	  been	  used	   to	   flush	   the	   toilets	  as	  well.	  The	   residues	  of	   salt	  
and	  soap	  from	  washing	  machines,	  however,	  can	  be	  toxic	  to	  microbial	  life	  of	  the	  same	  plants	  
themselves,	   but	   they	   can	   be	   absorbed	   and	   degraded	   through	   constructed	   wetlands	  
(Phytodepuration).It	   can	  be	  performed	  eg.	  by	  aquatic	  plants	   (floating	  macrophytes).	  These	  
systems	  involve	  low	  installation	  costs	  and	  require	  little	  maintenance.	  Grey	  water	  collected	  in	  
an	  indipendent	  tank	  after	  a	  UV	  treatment	  and	  rain	  water	  directly	  used	  for	  agriculture:	  

 

05.6.8.2. RAINWATER COLLECTION 
The	  rain	  water	  is	  directly	  collected	  in	  the	  tank	  for	  Hydroponic	  agriculture.	  It	  has	  been	  decide	  
to	  keep	  the	  greywater	  and	  rain	  water	  loops	  separated.	  
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For	  detailed	  calculation	  about	  the	  amount	  of	  rain	  water	  collected	  see	  Technical	  Notes	  "Grey	  
water	  reuse	  and	  rain	  water	  collection".	  

05.6.8.3. HYDROPONIC AGRICULTURE SYSTEM 
The	  rain	  water	  will	  be	  collected	   in	  a	  flat	  tank	  suitable	  for	  the	  Hydroponics	  agriculture.	  This	  
means	   that	   is	  needed	  a	  control	   system	  equipped	  with	  a	   float	  which	  keeps	   the	  water	   level	  
constant:	  when	  rainwater	  is	  fed	  an	  exhaust	  valve	  opens.	  
In	   this	   case	   the	   Hydroponic	   typology	   selected	   is	   the	   deep	   water	   culture	   (called	   also	   raft	  
hydroponics	  system).	  	  
Water	  culture	  is	  the	  system	  of	  choice	  for	  growing	  leaf	  lettuce,	  which	  are	  fast	  growing	  water	  
loving	  plants,	  making	  them	  an	  ideal	  choice	  for	  this	  type	  of	  hydroponic	  system.	  

44  

 

05.6.8.4. WATER TREATMENT 
As	  greywater	  is	  defined	  the	  wastewater	  of	  the	  building	  deriving	  from	  the	  showers,	  bathtubs,	  
bath	  sinks	  and	  clothes	  washers.	  	  
The	  series	  of	   the	  clean-‐up	   technology	   identify,	   include	   the	  diversion	  of	  greywater	   towards	  
filtering	  and	  onwards	  to	  UV-‐light	  disinfection	  and	  filtration	  covered	  by	  pressure	  filter.	  	  
The	   selected	   filter	   is	   combined	   with	   a	   7	   	  Watt	   UV	   light	   integrated.	   UV	   light	   treatment	   is	  
capable	  of	   killing	   the	  bacteria	   and	   viruses	  without	   the	  use	  of	   chlorine	  or	   other	   chemicals.	  
The	   combination	   of	   these	   two	   technologies	   in	   one	   item	   makes	   it	   economically	   more	  
affordable.	  The	  product	  name	  is	  “Aquaking	  PF	  10	  4000	  L”,	  purchasable	  in	  Denmark	  from	  the	  
company	  Koiimport45.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
44	  http://www.simplyhydro.com/system.htm	  
45 http://koiimport.dk/product/aquaking-pf-10-trykfilter-inkl-uvc-max-4000-ltr-231/ 
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Figure-‐	  Working	  features	  of	  the	  filter	  Aquaking	  PF	  10	  4000	  L	  

The	  features	  of	  the	  UVC	  Pressure	  Filter:	  
• Pressurised	  filter	  system 

• Low	  voltage 

• Three	  phase	  mechanical	  filtration	  –	  coarse,	  medium	  and	  fine	  foam	  filters 

• Biological	  filtration	  -‐	  bio-‐balls	  at	  bottom	  of	  the	  filter	  provide	  habitat	  for	  beneficial	  

bacteria	  to	  grow.	  These	  bacteria	  naturally	  convert	  harmful	  ammonia	  and	  other	  

wastes	  into	  healthy	  nitrates 

• UV	  filtration	  –	  final	  stage	  uses	  a	  low	  voltage	  UVC	  in	  the	  middle	  of	  the	  filter.	  Exposure	  

to	  the	  UV	  light	  kills	  algae	  as	  the	  water	  passes	  upwards	  through	  the	  filter	  on	  the	  way	  

back	  to	  the	  pond 

• External	  pressure	  indicator	  lets	  you	  know	  when	  filter	  needs	  cleaning 

• Can	  be	  partially	  buried 

• Simple	  clip	  design	  for	  easy	  maintenance 

•  

Object Description Voltage Power Suitable	  for	  
pool	  size 

Outlet Inlet Filter	  size 

Aquaking	  PF	  
10	  4000	  L 
 

UVC	  Pressure	  
Filter	  for	   
4000L	  Pond 
 

12V	  AC UV	  7	  W 4000	  L optional	  
20/25/32/mm 

optional	  
20/25/32/mm 

Diameter	  ø	  28	  
cm	  height	  38	  
cm 

Table-‐Data	  about	  the	  UVC	  pressure	  filter 

 
As	  far	  as	  the	  plantation	  irrigated	  by	  treated	  greywater,	  large	  plants	  are	  more	  appropriate	  to	  
be	  irrigated	  with	  greywater.	  In	  more	  particular,	  bushes,	  berry	  patches	  and	  large	  annuals	  are	  
recommended,	   since	   they	  are	  easier	   to	   irrigate	   than	   small	   plants.	   Furthermore,	   fruit	   trees	  
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can	   be	   used	   as	   well	   as	   other	   perennials	   like	   raspberries,	   thimbleberries,	   blackberries	   and	  
their	  relatives,	  currants,	  gooseberries,	  filberts,	  rhubarb,	  elderberry,	  passion	  fruit,	  kiwi,	  hops	  
and	  grapes.	  

	  
 
 
	  

Waste	  is	  a	  fundamental	  output	  of	  today's	  living	  in	  societies	  but	  it	  also	  holds	  opportunity	  to	  
the	  development	  towards	  more	  sustainable	  societies.	  It	  can	  to	  some	  degree	  be	  shown	  that	  
the	  more	  industrialised	  at	  community	  is,	  the	  more	  it	  has	  a	  complex	  infrastructure	  to	  manage	  
waste	  and	  the	  amounts	  of	  waste	  in	  enormous.	  This	  provide	  the	  realization	  that	  keeping	  the	  
wheels	  turning,	  as	  a	  metaphor	  for	  healthy	  economy,	  also	   imply	  great	  production	  of	  waste.	  
From	  2008	   to	  2009	   the	  amount	  of	  bulky	  waste	  was	   fallen	  16	  %	  and	   the	  weak	  economy	   is	  
taken	  into	  account	  for	  this46.	  
	  
The	   needed	   development	   towards	   sustainable	   society	   will	   change	   the	   close	   relation	  
between	   healthy	   economy	   and	   waste	   production.	   As	   also	   addressed	   by	   the	   concept	   of	  
Cradle-‐to-‐Cradle	  (also	  known	  as	  C2C)	  where	  the	  point	  is	  that	  no	  product	  should	  imply	  waste.	  
The	   products	   and	   materials	   around	   us	   should	   always	   be	   resources	   for	   new	   and	   more	  
valuable	  things	  also	  called	  upcycle.	  On	  the	  way	  to	  that	  place	  (this	  will	  take	  time)	  an	  efficient	  
handling	  of	  waste	  can	  be	  inclination	  where	  electricity	  and	  heat	  are	  extracted	  very	  efficient	  in	  
denmark.	   Inclination	   is	   often	   more	   sustainable	   than	   landfill	   where	   decomposition	   will	  
generate	  methane	  which	  generate	  much	  more	  global	  warming	  to	  amount	  emissioned	  (like	  
25x	  CO2)47	  
	  
Though	  waste	  commonly	  is	  a	  traded	  product	  and	  Denmark	  imports	  vast	  amount	  from	  Great	  
Britain	  and	  Germany	  for	   incineration48.	  Our	  waste	  strategy	  will	  not	  support	  the	  production	  
of	  waste,	  but	  reduce	  it	  to	  a	  minimum.	  

05.6.9.1. CONSTRUCTION PHASE ASSESSMENT 
Transportation	   of	   building	   modules	   require	   protection	   of	   parts	   and	   equipment	   to	   fasten.	  
Protection,	  elevation	  and	  such	  will	  be	  done	  with	  wood	  waste	  from	  production.	  This	  can	  be	  
reused	  many	  times.	  Waste	  from	  this	  phase	  is	  to	  be	  investigated	  and	  reduced.	  

05.6.9.2. PROJECT USE AND MAINTENANCE 
Domestic	   waste	   is	   managed	   at	   street	   level	   by	   the	   municipality	   of	   Copenhagen.	   The	  
infrastructure	   of	   waste	   has	   been	   updated	   and	   is	   fully	   implemented	   by	   2014.	   The	  
development	   is	   to	   separate	   the	  waste	  more	   efficiently.	   To	   do	   this	   every	   building	   block	   or	  
nearby	  community	  follows	  this	  separation:	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
46	  Report	  from	  Danish	  department	  of	  environment	  in	  DK/ENG	  page	  17	  (from	  21.	  Feb.)	  
http://www2.mst.dk	  
47	  TED	  show	  (from	  27.	  Feb.)	  http://www.ted.com	  
48Danish	  satire	  http://ing.dk/satire/refns-‐satire-‐sort-‐163513	  

05.6.9. SOLID WASTE 
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● Residual	  -‐	  Is	  turned	  into	  electricity	  and	  heat	  
● Metal	  –	  Recycled	  in	  new	  products	  
● Cardboard	  –	  Recycled	  in	  new	  products	  
● Paper	  –	  Recycled	  in	  new	  products	  
● Electronic	  –	  Contained	  material	  are	  recycled	  in	  new	  products	  
● Rigid	  Plastic	  –	  Recycled	  in	  new	  products	  
● Glass	  –	  Is	  refilled	  or	  turns	  into	  new	  jars	  
● Bulky	  Waste–	  Most	  items	  are	  turned	  into	  electricity	  and	  heat	  
● White	  Goods	  –	  A	  large	  proportion	  is	  recycled	  into	  new	  products	  
● Hazardous	  Waste	  –	  For	  treatment	  under	  controlled	  conditions	  

05.6.9.3. END OF LIFE ASSESSMENT 
All	  the	  materials	  which	  is	  reusable	  are	  treated	  in	  a	  national	  treatment	  plant	  i	  Odense,	  which	  
is	   located	  150	  km	   	  away	  from	  Nordhavn.	  The	  material	  which	   is	   incinerated	  are	  sent	  to	  the	  
local	  incineration	  plant	  in	  Amager,Copenhagen.	  A	  very	  small	  percentage	  of	  the	  material	  are	  
sanitary	   landfilled	   and	   the	   disposal	   area	   is	   in	   Avedoere.	   Avedoere	   is	   loacted	   20	   km	   away	  
from	  Nordhavn.	  	  

	  
 
 
 

The	   life	   cycle	   assessment	   (LCA)	   for	   Embrace	   has	   been	   carried	   out	   in	   accordance	   to	   the	  
Thermal	   and	   Environmental	   Evaluation	   (TEE)	   Information	   Guide.	   The	   software	   used	   is	  
SimaPro	  version	  8	  with	  EcoInvent	  database	  version	  3.0.	  	  
The	  CM	  Excel	   spreadsheet	   provided	  by	   Solar	  Decathlon	   is	   used	   as	   a	   tool	   to	   collect	   all	   the	  
data	  needed	   to	  perform	  a	   LCA.	  The	  TEE	  and	  CM	  excel	   spreadsheet	  do	   in	   some	  case	  differ	  
from	  ISO	  1400	  of	  carrying	  out	  LCA	  study,	  but	  this	  LCA	  study	  is	  fully	   in	  compliance	  with	  TEE	  
guide.	  	  

05.6.10.1. THE MAIN FINDINGS  
According	   to	   TEE	   guide	   the	   impact	   assessment	   method	   which	   is	   used	   for	   evaluation	   are	  
Recipe	  2008	  -‐	  midpoint,	  energy	  cumulative	  demand	  and	  IPCC	  2007	  100a.	  
The	  results	  for	  the	  last	  two	  mentioned	  methods	  are	  presented,	  since	  results	  from	  Recipe	  is	  
difficult	  to	  relate	  to.	  The	  results	  are	  given	  by	  unit/m^2/year.	  	  	  
	  
 
 
 
 
 
 
 

05.6.10. LIFE CYCLE ANALYSIS 
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Energy cumulative demand 
 

	  
A	  graph	  of	  energy	  cumulative	  demand	  

 
The	   results	   shows	   that	   the	   ‘Construction’	   stage	   have	   the	   highest	   demand	   for	   energy,	  
‘Transport	  of	  materials’	  has	  also	  very	  high	  demand.	  Use	  phase	  has	  a	  small	  amount	  of	  energy	  
demand,	   because	   during	   the	   use	   phase	   the	   house	   produces	   electricity.	   The	   energy	  
cumulative	   demand	   is	   negative	   End	   of	   life,	   because	   the	   materials	   are	   been	   reused	   and	  
therefore	  creates	  energy.	  	  
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IPCC 2007 100a  
 

	  
A	  graph	  of	  energy	  CO2	  equivalent	  emission	  

	  
The	  IPPC	  method	  shows	  that	  ‘Materials’	  have	  the	  highest	  CO2	  equivalent	  emission	  while	  the	  
other	  categories	  have	  much	  smaller	  CO2	  equivalent	  emission.	   ‘End	  of	   life’	  have	  a	  negative	  
CO2	  impact,	  since	  the	  the	  materials	  are	  being	  reused.	  	  

05.6.10.2. MODELLING IN SIMAPRO  
Generic	  data	  was	  used,	  as	  all	  the	  process	  is	  from	  EcoInvent	  database.	  	  
When	  a	   specific	  material	  was	  not	  available	   in	  EcoInvent	   	   a	  material/process	   similar	   to	   the	  
specific	   material	   was	   chosen.	   In	   rare	   cases	   we	   combined	   two	   process	   to	   represent	   a	  
material/product.	  	  
	  
The	  EcoInvent	  database	  is	  Swiss,	  therefore	  a	  lot	  of	  Swiss	  data	  are	  available	  in	  the	  database.	  	  
The	   process’	   we	   used	   was	   primarily	   regional	   (Europe)	   and	   Swiss.	   We	   assume	   that	   the	  
technological	  level	  in	  Switzerland	  is	  the	  same	  as	  for	  Denmark.	  If	  the	  desired	  material	  was	  not	  
available	   from	   region	   and	   Switzerland,	   data	   from	   other	   country	   was	   used.	   As	   a	   rule	   of	  
thumb,	   data	   from	   European	   countries	   was	   used.	   If	   European	   data	   was	   not	   available	   the	  
global	  data	  was	  used	  see	  following	  table.	  	  	  
 

Table	  of	  selection	  method	  of	  data	  origin.	  
1.	  Choice	   Danish	  technological	  level	  is	  more	  like	  Swiss49	  than	  regional.	  
2.	  Choice	   European	  technological	  level	  more	  accurately	  than	  global	  
3.	  Choice	   Global	  data	  more	  accurately	  than	  approximation	  with	  other	  product	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
49	  Other	  European	  countries	  like	  Germany	  and	  Holland	  have	  also	  been	  selected.	  
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The	  majority	   of	   our	   data	   is	   geographical	   representative,	   since	  we	   primarily	   use	   European	  
countries	   or	   regional	   (European)	   data.	   EcoInvent	   version	   3	   is	   the	   newest	   version	   and	   just	  
released,	   the	   data	   has	   been	   updated	   and	   is	   from	   20XX,	   hence	   the	   data	   is	   temporal	   and	  
technological	  representative.	  Though	  some	  data	  has	  not	  been	  updated,	  those	  data	  averagely	  
from	  2008.	  It	  is	  thereby	  a	  bit	  outdated	  in	  sense	  of	  temporal	  and	  technological	  aspect.	  	  	  

Unit issues 
In	  EcoInvent	  some	  process	   is	  given	   i	  non-‐weight	  unit	   (m^3,	  m,	  m^2	  etc),	  which	  cause	   that	  
those	  process’	  are	  not	  taken	  into	  account	  in	  the	  End	  of	  life	  stage	  in	  Sima	  Pro.	  Given	  that	  all	  
process’	  which	  had	  a	  non-‐weight	  unit	  were	  converted	   to	  weight	  unit	   (kg).	   In	   the	   following	  
table	  the	  process	  whose	  unit	  was	  transformed	  to	  a	  weight	  unit	  are	  listed.	  	  
	  
According	   to	   instruction	   in	   TEE,	  when	   converting	   an	   unit	   of	   a	   process	   to	   kg,	   all	   the	   input	  
values	  in	  the	  process	  are	  divided	  by	  a	  certain	  value.	  For	  example	  wood	  is	  normally	  given	  in	  
m^3,	   to	   convert	   the	  m^3	   to	   kg	   the	   input	   values	   are	   divided	   by	   the	   density	   of	  wood.	   The	  
certain	   values	   which	   are	   used	   to	   convert	   the	   process’	   are	   found	   in	   EcoInvent	   database	  
homepage.	  	  
In	  few	  case	  the	  values	  used	  for	  conversion	  were	  not	  obtainable,	  in	  the	  those	  	  cases	  qualified	  
estimations	  were	  made.	  	  
 

Table	  of	  used	  densities	  in	  CM	  and	  SimaPro	  
Material	   Density	  [kg/m3]	   Origin	  of	  data	  
Timber	   450	   Ecoinvent	  3.0	  
Glulam	   430	   Construction	  group	  
Particle	  Board	   638	   Ecoinvent	  3.0	  
Plywood	  Board	   590	   Ecoinvent	  3.0	  
OSB	   541	   Ecoinvent	  3.0	  
 

Assumptions  
 
Transport	  of	  materials:	  	  
Transport	  of	  materials	  were	  calculated	  from	  the	  plant	  of	  the	  manufacture	  to	  Nordhavn.	  For	  
some	  product	  we	  use	  specific	  manufacture,	  e.g	  Idealcombi	  for	  windows.	  For	  those	  products	  
with	  specific	  manufacture	  the	  transport	  was	  calculated	  from	  the	  manufacturer	  to	  Nordhavn.	  
We	  do	  not	  take	  into	  account	  where	  the	  manufactures	  have	  purchase	  their	  materials.	  	  
Google	  maps	  has	  been	  used	  to	  calculate	  the	  distances.	  	  
	  
Roadnetwork:	  	  
Road	  network	  is	  not	   included	  in	  this	  LCA	  study.	  Normally	  when	  performing	  a	  LCA	  study	  for	  
buildings	   the	   road	   network	   leading	   to	   the	   building	   is	   taken	   into	   account.	   Embrace	   is	   a	  
rooftop	  dwelling,	  the	  plan	  is	  to	  build	  Embrace	  on	  top	  of	  already	  existing	  buildings,	  hence	  the	  
road	  network	  is	  already	  there	  and	  we	  do	  not	  have	  to	  include	  that	  in	  this	  LCA.	  	  
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Transport	  of	  users:	  
Embrace	  is	  going	  to	  be	  built	  in	  the	  new	  city	  quarter	  Nordhavn,	  the	  vision	  for	  the	  quarter	  is	  to	  
it	   make	   the	   most	   sustainable	   	   city	   quarter	   possible.	   	   For	   example	   one	   strategy	   is	   it	   “5	  
minutes	  city”,	  it	  means	  that	  you	  should	  be	  able	  to	  travel	  every	  daily	  activity	  within	  5	  minutes	  
by	  bike	  or	  foot.	  There	  are	  local	  groceries,	  supermarket,	  school	  and	  sports	  facilities	  etc.	  The	  
quarter	  has	  prioritized	   the	  public	   transport	  and	  bike	  as	  main	   transport	  means	   to	  keep	   the	  
emission	   level	   down.	   It	   is	   difficult	   for	   cars	   to	   get	   around	  and	   there	   are	   almost	   no	  parking	  
lots,	   by	   doing	   so	   the	   city	   planners	   have	   create	   incentive	   to	   use	   bike	   or	   public	   transport.	  
Based	  on	  the	  vision	  and	  strategy	  for	  Nordhavn,	  we	  assumed	  that	  the	  main	  transport	  means	  
for	  the	  users	   is	  bike.	  Furthermore,	  Copenhagen	   is	  a	  biking	  city,	  where	  the	  bike	   is	   the	  main	  
transport	  mean	  for	  many	  people.	  	  
SDE	  provided	  a	  website	  where	   you	  are	   able	   calculate	   transport	   of	   users	  based	  on	  a	   given	  
city.	   Since	   	   the	  website	  only	  provided	  French	  data	   ,	  we	  used	   the	  website	  as	   inspiration	   to	  
make	  the	  assumptions	  about	  transport	  of	  users.	  The	  activities	  we	  have	  included	  are	  all	  from	  
the	  website.	  	  
	  

How	  the	  transport	  distances	  are	  calculated	  
Activities	  	   Biking	  

[km]	  
By	  
foot	  
[km]	  

Amount	  of	  
trip	  
annually	  	  

Total	  Distance	  bike	  
annually	  [km]	  

Total	  distance	  of	  walk	  
annually	  [km]	  

Work	  	   5	   	  	   4700	  	   1175	   0	  
Purchase	   	  	   0.5	   208	   0	   104	  

Culture	  event	  	  
(	  theatre,	  movie)	  	  

12	   	  	   26	   312	   0	  

Sport	  (fitness,	  club)	  	   6	   	  	   104	   624	   0	  
Social	  life	  (	  restaurant	  
and	  cafe)	  	  

10	   	  	   52	   520	   0	  

Health	  (	  doctor,	  
dentist)	  	  

10	   	  	   4	   40	   0	  

Total	  	   	  	   	  	   	   2671	   208	  
 

Assumptions on trips annually 
Work	  	   Working	  in	  Copenhagen,	  	  12	  days	  of,	  3	  weeks	  of	  vacation	  
Purchase	   purchasing	  4	  times	  in	  a	  week	  	  
culture	  event	  	  (	  theatre,	  movie)	  	   once	  every	  second	  week	  	  
Sport	  (fitness,	  club)	  	   Twice	  in	  a	  week	  	  
Social	  life	  (	  restaurant	  and	  cafe)	  	   Once	  every	  week	  	  

Health	  (	  doctor,	  dentist)	  	   Once	  every	  third	  month	  	  
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End	  of	  life,	  transportation:	  	  
There	  is	  a	  large	  waste	  treatment	  plant	  for	  reuse	  located	  in	  the	  city	  of	  	  Odense.	  We	  assume	  
that	  all	  the	  materials	  which	  are	  reused	  are	  treated	  in	  Odense.	  The	  transport	  of	  incineration	  
and	  landfill	  was	  not	  modelled	  according	  to	  CM	  excelsheet.	  	  
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EMBRACE	  is	  a	  minimal	  city	  dwelling	  created	  to	  facilitate	  urban	  densification	  by	  creating	  new	  
communities	   on	   top	   of	   existing	   buildings.	   Existing	   rooftops	   are	   not	   utilized	   to	   their	   full	  
potential	   as	   they	   currently	   lack	   livable	   space.	   Many	   existing	   rooftops	   are	   defined	   by	   the	  
Copenhagen	   municipality	   as	   suitable	   places	   for	   densification	   and	   the	   urban	   renewal	   by	  
adding	   new	   buildings	   to	   the	   existing	   city.	   The	   project	   is	   intended	   for	   the	   developing	  
Nordhavn	  district	  of	  Copenhagen,	  Denmark	  but	  is	  conceptually	  open	  to	  adaptation	  to	  other	  
contexts.	  

	  

Left:	  Illustration	  of	  EMBRACE	  with	  the	  Weather	  Shield.	  Right:	  Concept	  of	  EMBRACE	  on	  top	  of	  existing	  building.	  

The	   project	   is	   designed	   to	   add	   self-‐sustaining	   communities	   to	   the	   existing	   urban	   fabric.	  
EMBRACE	  dwellings	  consist	  of	  a	   'Thermal	  Envelope'-‐unit	  and	  a	   'Sheltered	  Garden'	   covered	  
by	  a	  Weather	  Shield.	  The	  sheltered	  garden	  stimulates	   interconnectivity	  by	  creating	  diverse	  
semi-‐private	   and	   semi-‐public	   zones	   that	   are	   usable	   by	   both	   the	   rooftop	   residents	   and	  
residents	  from	  dwellings	  below.	  Social	  interaction	  aims	  to	  counter	  loneliness	  in	  Copenhagen	  
and	  is	  encouraged	  through	  the	  sharing	  of	  resources,	  knowledge	  and	  time.	  
	  
The	  protective	  skin	  integrates	  solar	  power	  technologies	  to	  power	  the	  rooftop	  dwellings	  and	  
share	   energy	   with	   the	   building	   below.	   The	   dwelling	   is	   composed	   of	   largely	   prefabricated	  
modules	  to	  enable	  simple	  assembly	  on	  top	  of	  existing	  buildings.	  
	  
Reducing	   the	   environmental	   impact	   has	   been	   stimulated	   from	   early	   on	   through	   the	  
sustainability	  concept	  of	  Smart,	  Save,	  Share".	  	  The	  strategy	  firstly	  aims	  to	  Save	  energy	  used	  
or	  embodied	  in	  EMBRACE.	  Secondly,	  the	  energy	  that	  is	  consumed	  is	  consumed	  in	  an	  efficient	  
and	   Smart	   manner.	   Thirdly,	   the	   communal	   impact	   of	   EMBRACE	   on	   the	   environment	   and	  
society,	   from	   	   f.e.	   the	   shared	   space	   and	   vehicles,	   will	   be	   reduced	   by	   Sharing	   the	   impact	  
among	  multiple	  dwellings.	  

	  
Concept	  illustration.	  Read	  from	  top	  clockwise.	  

PROJECT RECAP 
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The	   communication	   plan	   describes	   the	   aim	   of	   the	   communication,	   the	   target	   groups	   and	  
activities	   before,	   during	   and	   after	   the	   competition	   as	   well	   as	   the	   logo,	   team	   name	   and	  
project	   name.	   This	   section	   also	   describes	   the	   public	   tour	   of	   the	   house	   during	   the	   contest	  
period	  as	  well	  as	  an	  overview	  of	  the	  sponsors	  working	  together	  with	  the	  team	  

. 
 
 
 

 
The	  reason	  why	  Team	  DTU	   is	  participating	   in	  Solar	  Decathlon	  Europe	  2014,	   is	   to	  challenge	  
the	  ways	  of	  thinking	  when	  designing	  and	  producing	  homes	  as	  the	  global	  environment	  urge	  
this	  initiative.	  Thus,	  it	  is	  necessary	  to	  consider	  how	  communication	  of	  the	  whole	  idea	  of	  the	  
competition,	  the	  actions	  taken	  by	  the	  team,	  and	  the	  principles	  of	  sustainable	  living	  involved	  
can	   be	   communicated	   to	   the	   society	   in	   order	   to	   educate	   it	   and	   even	   change	   people’s	  
behaviour.	  	  
	  
Team	  DTU	  participates	  in	  SDE’14	  with	  the	  project	  EMBRACE.	  EMBRACE	  is	  a	  house	  designed	  
to	  create	  a	  community	  on	  top	  of	  existing	  buildings	  with	  non-‐energy	  consumption,	  taking	  into	  
account	   the	   high	   demand	   for	   housings	   in	   Copenhagen,	   affordability	   for	   users	   and	   energy	  
efficiency.	   This	   sustainable	   and	   innovative	   house	   represents	   our	   vision	   of	   future	   building	  
construction.	  	  
	  
In	  order	  to	  communicate	  EMBRACE	  and	  its	  concept,	  the	  slogan	  Smart	  -‐	  Save	  -‐	  Share	  is	  used.	  
Smart	   -‐	   Save	   -‐	   Share	   helps	   the	   communication	   team	   to	   expand	   the	   EMBRACE	   idea	   and	  
communicate	  the	  goal	  and	  the	  design	  of	  the	  project	  to	  the	  rest	  of	  the	  society	   in	  a	  creative	  
and	  organized	  way.	  
	  
The	  situation	  around	  and	  within	  the	  team	  is	  being	  investigated	  with	  the	  use	  of	  PESTEL	  and	  
SWOT	   analysis	   tools.	   The	   PESTEL	   analysis	   investigates	   political,	   economic,	   social,	  
technological,	   environmental	   and	   legal	   factors,	   is	   aimed	   at	   understanding	   the	   external	  
elements	   influencing	  the	  team	  and	  EMBRACE.	  The	  SWOT	  analysis	   identifies	  the	  strong	  and	  
weak	   sides	  of	   the	   team.	  As	   such,	   the	   team	  can	   reflect	  on	   itself,	   identifying	  both	  problems	  
which	  needs	  to	  be	  dealt	  with	  and	  its	  strengths	  that	  can	  be	  relied	  on.	  
	  
After	   understanding	   the	   situation,	   it	   becomes	   possible	   to	   formulate	   the	   strategy	   of	   the	  
team,	  which	  is	  aimed	  at	  balancing	  the	  strong	  and	  weak	  aspects	  in	  order	  to	  achieve	  its	  goals.	  
The	   mission	   of	   the	   team	   represents	   what	   benefits	   it	   would	   like	   to	   bring	   to	   the	   society	  
through	   performing	   its	   activities.	   To	  make	   the	   strategy	   and	  mission	   applicable,	   main	   and	  
specific	   communications	   objectives	   are	   defined.	   Smart	   -‐	   Save	   -‐	   Share	   will	   be	   the	   main	  
resource	   to	   communicate	   these	   objectives,	   especially	   in	   the	   last	   three	  months	   before	   the	  
competition,	  where	  EMBRACE	  is	  defined	  and	  the	  amount	  of	  	   information	  to	  share	  is	  bigger	  
and	  more	  interesting	  for	  the	  target	  groups	  defined.	  

05.7. COMMUNICATIONS PLAN 

05.7.1. ABSTRACT 



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Communication	  and	  Social	  Awareness	   286	  

	  

	  
After	   defining	   the	   communication	   core,	   it	   is	   important	   to	   define	   the	   receivers	   of	   the	  
message.	  Therefore,	  this	  report	  also	  contains	  the	  definition	  and	  detailed	  description	  of	  the	  
target	  groups.	  	  
	  
Finally,	  it	  is	  necessary	  to	  define	  the	  different	  communication	  tools,	  analysing	  which	  has	  been	  
the	  main	  way	  of	   communicating	   the	  message	  until	   now,	   and	  which	   improvements	  will	   be	  
made	  for	  the	  future	  in	  order	  to	  promote	  other	  ways	  of	  communication.	  

 

 

 

05.7.2.1. WHO IS TEAM DTU 
Our	  team	  is	  from	  Denmark	  in	  Northern	  Europe.	  The	  team	  was	  originally	  founded	  in	  2011	  in	  
order	   to	  participate	   in	  Solar	  Decathlon	  Europe	  2012	   in	  Madrid.	  This	  means	   that	   this	   is	   the	  
second	  time	  Team	  DTU	  participates	  in	  the	  Solar	  Decathlon	  competition.	  Many	  of	  the	  original	  
team	   members	   have	   been	   graduated	   and	   new	   students	   have	   joined	   the	   team	   for	   this	  
edition.	  But	  some	  students	  are	  now	  participating	   for	   the	  second	  time	  and	  the	  entire	   team	  
builds	  on	  the	  work,	  knowledge	  and	  experience	  Team	  DTU	  gained	   in	  2012.	  Today	  the	  team	  
consists	  of	  approximately	  60	  students	  from	  13	  different	  countries	  and	  we	  are	  convinced	  that	  
this	  diversity	  has	  a	  very	  positive	  effect	  on	  our	  team	  and	  the	  project.	  One	  thing	  all	  our	  team	  
members	  have	  in	  common,	  is	  the	  fact	  that	  we	  are	  all	  engineering	  students.	  	  

 
Team	  DTU	  

  

05.7.2. INTRODUCTION 
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The	   team	   is	   organised	   into	   10	   subgroups,	   one	   for	   each	   contest	   in	   the	   competition,	   but	  
students	   can	   be	   engaged	   in	   more	   than	   one	   group.	   The	   10	   subgroups	   each	   have	   a	   work	  
package	  leader	  (WPL)	  and	  one	  or	  more	  faculty	  specialists	  assigned.	  The	  student	  team	  leader	  
supervises	  the	  10	  groups	  and	  has	  a	  close	  contact	  to	  the	  WPLs.	  Finally	  the	  team	  has	  a	  faculty	  
advisor	  that	  serves	  as	  the	  project	  manager.	  Below	  is	  shown	  an	  organisation	  chart	  for	  team	  
DTU.	  
 

	  

Team	  infrastructure	  

Team	  Work	  Package	  Leaders	  meet	  every	  wednesday	  to	  discuss	  changes	   in	  the	  project	  that	  
involve	  other	  categories;	  these	  updates	  are	  shared	  to	  the	  rest	  of	  the	  team	  members	  every	  
friday	   when	   all	   the	   team	  members	   meet	   during	   the	   lunch	   break.	   Besides,	   every	   working	  
group	   have	   several	   meetings	   that	   are	   schedule	   according	   to	   the	   availability	   of	   the	   group	  
members.	  Meetings	  with	   professionals	   in	   the	   construction,	   sustainability	   and	   architecture	  
sectors	   are	   taking	   place	   during	   the	  whole	   competition	   in	   order	   to	   get	   feedback	   and	   learn	  
new	  techniques.	  
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05.7.2.2. WHO IS BEHIND TEAM DTU 
The	  main	   supporting	   institution	   behind	   our	   team	   is	   the	   Technical	   University	   of	   Denmark,	  
which	   in	   Danish	   is	   ‘Danmarks	   Tekniske	   Universitet’,	   hence	   the	   abbreviation	   DTU.	   The	  
university	   is	   located	   in	   Kgs.	   Lyngby	   a	   little	   to	   the	   North	   of	   Copenhagen,	   the	   capital	   of	  
Denmark.	  DTU	  was	  founded	  in	  1829	  by	  H.C.	  Ørsted,	  the	  father	  of	  electromagnetism,	  and	  is	  
today	   ranked	   as	   one	   of	   the	   foremost	   technical	   universities	   in	   Europe	   and	   have	   around	  
10.000	  students	  enrolled.	  	  
Besides	  our	  university,	  we	  have	  a	  range	  of	  sponsors	  and	  industry	  experts	  without	  whom	  our	  
project	  would	  not	  be	  possible.	  
 

	  

Technical	  University	  of	  Denmark	  
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05.7.3.1. ANALYSIS OF THE SITUATION AND BRIEF PROJECT DESCRIPTION 
Worldwide,	  there	  is	  a	  tendency	  of	  people	  moving	  from	  the	  countryside	  and	  smaller	  cities	  to	  
the	  bigger	  cities.	  Megacities	  is	  a	  phenomenon,	  which	  is	  getting	  more	  common	  as	  a	  result	  of	  
this	   increased	   urbanization.	   The	   result	   is	   an	   increased	   demand	   for	   dwellings.	   Thereby	  
alternative	  solutions	  for	  densifying	  the	  city	  have	  to	  be	  found.	  There	  is	  a	  lot	  of	  unutilized	  area	  
on	   top	   of	   existing	   buildings	   in	   the	   cities,	  which	   have	   potential	   to	   form	   the	   base	   for	   	   new	  
rooftop	   apartments.	   EMBRACE	   is	   such	   an	   addition.	   EMBRACE	   is	   adjustable	   in	   regards	   to	  
accessibility	  from	  the	  existing	  building	  and	  fitting	  to	  the	  existing	  building.	  

	  

	  Left:	  Overview	  of	  central	  Copenhagen.	  Right:	  A	  typical	  rooftop	  in	  many	  areas	  of	  Copenhagen	  

05.7.3.2. THE EMBRACE PROJECT 
The	  name	  explains	  the	  ideology	  of	  the	  house	  as	  it	  embraces	  the	  environment	  in	  which	  it	   is	  
placed,	  the	  users	  of	  the	  existing	  building	  and	  the	  new	  inhabitants	  in	  the	  rooftop	  apartments.	  
EMBRACE	   creates	   not	   only	   space	   for	   more	   people	   it	   also	   includes	   the	   people	   from	   the	  
existing	  building	  by	  creating	  a	  more	  urban	  cityscape	  on	  the	  rooftop,	  with	  recreational	  areas	  
that	  also	  give	  opportunity	  for	  gatherings	  with	  the	  other	  people	  in	  the	  building.	  
The	  concept	  of	  EMBRACE	  is	  to	  separate	  the	  envelope	  of	  the	  house	  into	  two	  parts	  -‐	  a	  thermal	  
envelope	  and	  a	  Weather	  Shield.	  The	  thermal	  envelope	  is	  the	  dwelling	  unit	  and	  the	  Weather	  
Shield	   is	   the	   rain	   and	   wind	   protection	   shield,	   which	   is	   extracted	   from	   the	   dwelling	   and	  
creates	  a	  covered	  outdoor	  area	  -‐	  the	  Sheltered	  Garden.	  	  

 

Left: Illustration of EMBRACE with the Weather Shield. Right: Illustration of EMBRACE on top of existing 
building. 

05.7.3. COMMUNICATIONS PROJECT 
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In	  this	  way	  the	  housing	  unit	  is	  EMBRACED	  by	  the	  weather	  shield	  which	  provides	  the	  dwelling	  
with	  energy	  and	  comfort,	  and	  protects	   it	   from	  the	  water	  and	  wind.	  Denmark	  has	   some	  of	  
the	   highest	   average	   wind	   speeds	   in	   Europe	   and	   for	   a	   large	   range	   of	   the	   year,	   the	  
temperatures	  are	  below	  what	   is	   considered	  as	  comfortable.	  So	   the	  weather	   shield	  creates	  
an	  improved	  exterior	  environment.	  
	  
The	  development	  of	  EMBRACE	  has	  evolved	  around	  the	  three	  keywords;	  Smart	  -‐	  Save	  -‐	  Share.	  
Since	   the	   beginning	   of	   the	   project,	   great	   emphasis	   has	   been	   put	   on	   an	   integrated	   design	  
process	   involving	   a	  multidisciplinary	   team	   of	   students.	   This	   process	   ensures	   that	   as	  many	  
aspects	  as	  possible	  will	  be	  considered	   in	   the	  design	  of	  EMBRACE.	  The	   three	  words;	   smart,	  
save	  and	  share	  were	  constantly	  repeated	  early	  in	  the	  process	  and	  quickly	  became	  important	  
factors	  for	  the	  team.	  Something	  all	  team	  members	  could	  agree	  on	  and	  relate	  to.	  
	  
So	  what	  does	  these	  three	  words	  mean	  for	  the	  project?	  

 
SMART	   has	   influenced	   the	   design	   in	   all	   aspects	   from	   the	   layout	   of	   the	   floor	  
plan,	   the	   size	  and	  orientation	  of	  each	  window,	   the	   selection	  of	  materials	   and	  
appliances	   to	   the	   inclination	   of	   the	   roof	   and	   the	   layout	   of	   the	   PV-‐panels.	   All	  
decisions	  about	  the	  design	  are	  conscious	  choices	  that	  have	  been	  discussed	  and	  
evaluated	   in	   regards	   to	   all	   the	   areas	   of	   the	   competition.	   This	   ensures	   that	  

optimizing	   one	   part	   of	   the	   house	   does	   not	   have	   a	   negative	   effect	   on	   another	   part	   of	   the	  
house	  An	  iPad	  application	  has	  been	  developed	  for	  EMBRACE	  where	  the	  inhabitant	  can	  easily	  
see	  the	  current	  energy	  consumption,	  control	  the	  lights,	  windows	  and	  climate	  of	  the	  house.	  
 

 
 

Screenshots	  from	  the	  application	  

 
SAVE	  relates	  to	  many	  aspects	  in	  the	  project.	  Naturally	  it	  is	  mainly	  about	  saving	  
energy	   during	   the	   lifespan	   of	   the	   EMBRACE	   but	   also	   saving	   materials	   when	  
constructing	  the	  house.	  It	  also	  relates	  to	  saving	  time	  for	  the	  inhabitants.	  This	  is	  
expressed	   in	   the	   urban	   context	   in	  which	   EMBRACE	   is	   initially	   planned	   to	   be	  
integrated.	  EMBRACE	  is	  designed	  to	  be	  constructed	  on	  top	  of	  existing	  buildings	  

and	   in	   this	  way	  EMBRACE	  contributes	   to	  an	   increased	  densification	  without	   taking	  up	  new	  
land.	  
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SHARE	   is	   important	   for	   the	   concept	  of	   EMBRACE	  and	   is	   closely	   linked	   to	   the	  
first	   two	   words	   smart	   and	   save.	   EMBRACE	   shares	   the	   surplus	   of	   energy	   it	  
produces	   with	   the	   host	   building	   through	   the	   smart	   grid	   and	   it	   invites	   the	  
inhabitants	   to	   share	   smiles,	   laughs	   and	   good	   times	   in	   the	   sheltered	   garden.	  
Here	  the	  neighbors	  can	  come	  together	  and	  share	  food,	  have	  dinner,	  chat	  and	  

so	  on	  and	  the	  inhabitants	  can	  send	  out	  invitations	  and	  requests	  through	  the	  app.	  It	  is	  a	  new	  
way	  of	  living	  in	  a	  community,	  knowing	  your	  neighbors	  instead	  of	  being	  strangers,	  as	  it	  often	  
occurs	  in	  apartment	  buildings.	  The	  application	  also	  makes	  it	  easy	  for	  the	  inhabitants	  to	  share	  
any	   surplus	   of	   food	  with	   the	   community	   in	   order	   to	   reduce	   food	  waste.	   Sharing	   in	   these	  
many	  levels	  reduces	  cost	  and	  increases	  the	  quality	  of	  living.	  

 

Screen	  shot	  from	  the	  app	  that	  shows	  some	  of	  the	  sharing	  and	  social	  possibilities.	  
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05.7.3.3. THE URBAN CONTEXT 
The	   chosen	   urban	   context	   for	   EMBRACE	   is	   an	   industrial	   area	   in	   Copenhagen	   named	  
Nordhavn	  (meaning	  North	  Harbor	  in	  Danish).	  The	  area	  is	   in	  the	  process	  of	  being	  converted	  
into	  a	  community	  with	  dwellings,	  stores	  and	  workplaces.	  The	  Municipality	  of	  Copenhagen	  is	  
very	   ambitious	   about	   sustainability	   and	   it	   is	   planned	   that	   Copenhagen	   as	   a	   city	   should	  be	  
carbon	  neutral	  by	  2025	  with	  Nordhavn	  as	  the	  biggest	  pioneer	  project	  for	  sustainable	  urban	  
design	   in	   Copenhagen.	   The	   area	   is	   planned	   to	   be	   a	   transit	   oriented	   development	   (TOD)	  
which	  is	  very	  well	  suited	  for	  the	  concept	  of	  EMBRACE.	  

05.7.3.4. PESTEL AND SWOT 
Analyzing	  the	  internal	  and	  external	  factors	  of	  a	  project	  is	   important	  in	  order	  to	  understand	  
the	   current	   situation	   that	  we	   are	   living.	   To	  make	   this	   project	   successful	   it	   is	   necessary	   to	  
know	   what	   the	   needs	   of	   the	   society	   are,	   and	   to	   satisfy	   them	   with	   the	   most	   sustainable	  
architecture	   and	   technology.	   Thus,	   this	   analysis	   must	   be	   done	   before	   formulating	   the	  
strategy	  of	  the	  team.	  
	  

 
 
For	  that	  SWOT	  and	  PESTEL	  analysis	  tools	  are	  used:	  PESTEL	  is	  aimed	  at	  analyzing	  the	  macro-‐
environment	  and	  includes	  political,	  economic,	  social,	  technological,	  environmental	  and	  legal	  
factors.	  It	  is	  necessary	  to	  identify	  the	  most	  important	  external	  factors	  for	  Team	  DTU.	  	  
SWOT	   analysis	   is	   aimed	   at	   formulating	   strong	   and	   weak	   points	   of	   the	   team	   and	  
opportunities	   and	   threats	   in	   the	   external	   environment.	   It	   goes	   further	   into	   finding	  
interrelations	   between	   those	   factors.	   The	   factors	   formulated	   during	   PESTEL	   analysis	   will	  
serve	  as	  the	  external	  factors	  for	  SWOT,	  being	  further	  divided	  into	  opportunities	  and	  threats.	  

	  
PESTEL	   
	  

Political	  Factors	  

The	  Solar	  Decathlon	  initiative	  is	  supported	  by	  
governmental	  organizations	  both	  in	  Europe	  and	  USA.	  
As	  the	  organizers	  of	  the	  competition	  represent	  the	  
governmental	  policies	  in	  sustainability-‐related	  
education,	  especially	  relating	  to	  solar	  energy,	  it	  can	  
be	  implied,	  that	  institutions	  view	  the	  solar	  energy	  
development	  initiatives	  positively.	  	  

Economic	  Factors	  

Regarding	  the	  external	  economic	  factors,	  the	  most	  
important	  aspect	  to	  consider	  is	  potential	  interest	  
from	  investors.	  Solar	  Decathlon	  team	  sponsorship	  
provides	  the	  sponsors	  with	  opportunities	  to	  appear	  
in	  medias	  and	  conferences,	  attract	  students	  as	  
potential	  employees,	  and	  improve	  their	  reputation	  
and	  internal	  culture.	  
	  
The	  current	  economic	  situation	  in	  the	  EU	  should	  be	  
taken	  into	  account	  as	  a	  potential	  hurdle	  in	  attracting	  
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investment.	  Moreover,	  it	  can	  have	  an	  impact	  on	  the	  
consumers’	  willingness	  to	  pay	  for	  the	  costly	  green	  
technologies.	  These	  threats	  for	  the	  team	  are	  to	  be	  
considered	  when	  composing	  business	  plan	  and	  
attracting	  sponsors.	  In	  Denmark,	  especially	  in	  
Copenhagen,	  the	  price	  of	  the	  flats	  are	  increasing	  
considerably,	  it	  is	  necessary	  to	  keep	  construction	  
costs	  as	  low	  as	  possible	  to	  make	  a	  competitive	  
project	  on	  the	  market.	  	  	  

 

Social	  Factors	  

Technical	  University	  of	  Denmark	  offers	  study	  
programs	  on	  a	  wide	  range,	  which	  means	  that	  it	  
possesses	  a	  talent	  pool	  covering	  necessary	  aspects	  
of	  the	  Solar	  Decathlon	  Competition.	  In	  addition,	  DTU	  
puts	  a	  strong	  emphasis	  on	  sustainable	  technologies	  
and	  green	  energy,	  which	  means	  that	  the	  students	  
understand	  the	  importance	  of	  such	  approaches	  and	  
are	  ready	  to	  work	  on	  implementing	  them.	  

Denmark	  is	  one	  of	  the	  leading	  countries	  in	  
implementing	  green	  technologies,	  which	  also	  means	  
that	  the	  general	  public	  is	  aware	  of	  such	  approaches	  
and	  there	  is	  a	  considerable	  interest	  in	  them.	  
Moreover,	  international	  recognition	  of	  the	  
importance	  of	  green	  technologies	  is	  growing,	  which	  
means	  that	  they	  are	  socially	  approved	  and	  regarded	  
as	  positive	  for	  the	  society.	  

Technological	  Factors	  

There	  is	  a	  lot	  of	  research	  on	  sustainable	  energies	  
going	  on	  across	  the	  world,	  and	  solar	  energy	  
accumulation	  techniques	  are	  being	  constantly	  
improved.	  This	  is	  a	  promising	  state	  for	  the	  team	  in	  
terms	  of	  the	  future	  possibilities	  of	  wider	  
implementation	  of	  the	  solutions	  within	  the	  new	  
project.	  

Environmental	  Factors	  

DTU	  team	  is	  working	  on	  making	  the	  whole	  process	  
of	  building	  and	  the	  parts	  of	  the	  house	  sustainable:	  
using	  local	  materials	  recycled,	  recyclable,	  and	  
reusable	  parts.	  Therefore,	  the	  team	  is	  actively	  
working	  on	  preserving	  the	  environment.	  
Nordhavnen	  has	  been	  the	  area	  chosen	  to	  implement	  
DTU	  project.	  	  
This	  area,	  which	  right	  now	  is	  an	  old	  harbour	  
industry,	  is	  part	  of	  a	  very	  ambitious	  project	  of	  the	  
Copenhagen	  municipality	  concerning	  sustainability:	  
it	  is	  planned	  that	  Copenhagen	  as	  city	  should	  be	  
carbon	  neutral	  in	  2025.	  Nordhavn	  should	  be	  the	  
figurehead:	  the	  most	  ambitious	  urban	  development	  
in	  the	  twenty-‐first	  century.	  

Legal	  Factors	  

Whilst	  the	  work	  of	  the	  team	  is	  not	  strongly	  regulated	  
by	  any	  legislation,	  the	  team	  still	  has	  to	  be	  mindful	  of	  
the	  legal	  regulations	  applying	  to	  its	  project,	  such	  as	  
health	  and	  safety	  rules,	  intellectual	  property	  rights,	  
and	  law	  regulating	  buildings	  construction	  and	  energy	  
use.	  

Analysis	  of	  the	  external	  environment	  of	  Team	  DTU	  
shows	  several	  most	  prominent	  areas	  to	  consider	  for	  
the	  team	  and	  take	  action	  to	  utilize	  the	  opportunities	  
and	  overcome	  threats.	  

  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Communication	  and	  Social	  Awareness	   294	  

	  

SWOT 

 

SWOT analysis 

Strengths	  
DTU	  is	  one	  of	  the	  most	   important	  universities	  from	  the	  Nordic	  countries	  (World	  University	  
Rankings:	   http://www.topuniversities.com/universities/technical-‐university-‐denmark).	   It	  
offers	  a	  wide	  range	  of	  technical	  specialization	  which	  cover	  all	  the	  aspects	  that	  are	  valued	  in	  
Solar	   Decathlon	   competition.	   Today,	   DTU	   is	   ranked	   as	   one	   of	   the	   foremost	   technical	  
universities	   in	   Europe,	   continues	   to	   set	   new	   records	   in	   the	   number	   of	   publications,	   and	  
persistently	  increase	  and	  develop	  partnerships	  with	  industry,	  and	  assignments	  accomplished	  
by	  DTU’s	  public	   sector	   consultancy.	  DTU	  has	   international	  educational	  exchange	  programs	  
with	  over	  200	  universities	  around	  the	  globe,	  and	  enjoys	  close	  research	  collaborations	  with	  
its	   partners	   in	   addition	   to	   building	   research	   and	   educational	   programs.	   The	   strong	  
reputation	  of	  the	  university	  can	  be	  certainly	  seen	  as	  a	  strength	  of	  the	  team.	  
The	   team	   members	   are	   qualified	   and	   have	   knowledges	   in	   different	   study	   lines	   like	  
management,	   architecture,	   sustainable	   energies,	   engineering	   between	   others.	   Besides,	  
some	   of	   the	   members	   have	   already	   participate	   in	   Solar	   Decathlon	   2012	   in	   Madrid.	   This	  
experience	  helps	   the	  new	   team	   to	   learn	   about	   the	  obstacles	   and	   challenges	   the	  old	   team	  
encountered.	  
 

Weaknesses	  

Being	  a	  technical	  university,	  DTU	  provides	  the	  team	  with	  predominantly	  technical	  students,	  
which	   can	   lead	   to	   a	   lack	   of	   other	   specialisations	   related	   to	   the	   projects,	   such	   as	   more	  
business-‐oriented,	  marketing,	   finance	  and	  others.	  The	  many	  team	  members	  can	  propose	  a	  
challenge	  in	  terms	  of	  coordination	  and	  internal	  communication.	  
After	  identifying	  the	  internal	  and	  external	  factors,	  it	  is	  possible	  to	  find	  their	  intersections	  and	  
formulate	  actions	  to	  be	  undertaken	  by	  the	  team	  in	  order	  to	  utilise	  its	  current	  situation	  in	  a	  
best	  way	  to	  meet	  its	  objectives.	  
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05.7.3.5. COMMUNICATION OBJECTIVES 
The	  main	  objectives	  are	   to	   raise	  awareness	  about	   the	  Solar	  Decathlon	  competition	  and	   its	  
values	   and	   share	   information	   about	   sustainable,	   energy	   efficient	   and	   affordable	   solar	  
powered	  dwellings.	   In	  the	  following	  the	  objectives	  for	  the	  teams	  communication	  are	   listed	  
for	  an	  easy	  overview.	  
	  

Objectives 
● Raise	  awareness	  about	   the	  Solar	  Decathlon	  competition	  both	  among	  professionals	  

within	  the	  industry	  but	  also	  among	  the	  general	  public.	  
● Build	  interest	  in	  sustainable,	  energy	  efficient,	  and	  solar	  powered	  homes.	  
● Share	  the	  vision	  about	  and	  create	  interest	  in	  the	  EMBRACE	  project.	  
● Promote	   the	   use	   of	   energy	   saving	   approaches,	   resources	   and	  materials	   to	   reduce	  

environmental	  impact	  of	  constructing	  and	  utilizing	  buildings.	  
● Coordinate	  and	   improve	   the	   internal	   communication	  between	   the	   team	  members,	  

as	  well	  as	  creating	  guidelines	  for	  a	  streamlined	  uniform	  external	  communication.	  
● Branding	  of	  EMBRACE	  in	  order	  to	  attract	  partners	  and	  sponsors.	  
● Create	  awareness	  among	  the	  students	  in	  DTU	  to	  attract	  members	  to	  the	  team.	  
● Contribute	   to	   the	   profile	   of	   DTU	   as	   a	   university,	   which	   participates	   in	   strong	  

international	   projects	   and	   doing	   research	   and	   education	   in	   sustainable	   energy	  
solutions.	  

05.7.3.6. COMMUNICATION STRATEGY 
“We	   exist	   because	   someone	   thinks	   about	   us”:	   in	   order	   to	   make	   this	   project	   “exist”	   it	   is	  
necessary	   get	   people	   to	   know	   EMBRACE	   and	   its	   concept.	   Team	   DTU	   wants	   to	   share	  
EMBRACE,	  not	  only	   to	   reach	  our	  goals	   and	  objectives	  but	  also	   to	   contribute	  on	   improving	  
the	  world	  we	  live	  in	  by	  building	  in	  a	  sustainable	  way,	  using	  zero-‐energy	  consumption	  houses	  
and	  creating	  communities	  that	  share	  experiences	  and	  sustainable	  ways	  of	  living.	  
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The	  communication	  strategy	  for	  EMBRACE	  has	  been	  divided	  into	  three	  stages:	  Work	  process	  
overview,	  Getting	  into	  EMBRACE	  and	  To	  be	  continued.	  In	  order	  to	  communicate	  our	  message	  
in	   an	   original,	   adequate	   and	   effective	  way,	   the	   3S	   (Smart	   -‐	   Save	   -‐	   Share)	   have	   played	   an	  
important	  role	  in	  the	  communication	  strategy.	  
	  
Work	  process	   overview:	  Along	   the	   EMBRACE	  design,	   Team	  DTU	  has	   informed	   through	   the	  
different	  communication	  tools	  about	  every	  important	  change	  in	  the	  project,	  events	  assisted	  
and	  workshops,	  in	  order	  to	  give	  an	  overview	  of	  the	  process.	  
	  
Getting	   into	   EMBRACE:	   Team	   DTU	   shares	   EMBRACE	   project	   and	   its	   details,	   taking	   into	  
consideration	   every	   category	   of	   the	   competition.	   Innovative	   techniques,	   sustainable	  
solutions,	  construction	  and	  architecture	  details,	  as	  well	  as	  the	  building	  location	  in	  Denmark.	  
The	  different	  communication	  tools	  are	  used	  to	  transmit	  the	  information	  to	  our	  followers.	  
	  
Thus,	  during	   the	  months	   	  of	  May,	   June	  and	   July,	   Smart	   -‐	   Save	   -‐	   Share	  gets	  a	   stronger	   role	  
becoming	  each	  into	  the	  main	  topic	  of	  each	  month:	  
 

 

1.	  Smart	  /	  MAY	  2014	  
The	  idea	  of	  EMBRACE	  will	  be	  described	  during	  this	  month:	  	  

● Smart	  concept:	  EMBRACE	  
● Smart	  location:	  Nordhavn	  
● Smart	  construction:	  modularity	  
● Smart	  architecture:	  optimization	  
● Smart	  techniques:	  Innovation 
●  

 

2.	  Save/	  JUNE	  2014	  
June	  is	  focused	  on	  saving	  energy	  and	  consequently	  money	  

● Energy	  solutions	  
● Sustainable	  Materials	  
● Sustainability 

	  
	  
 

 

3.	  Share/JULY	  2014	  
July	  is	  the	  time	  to	  start	  building	  the	  house	  in	  Versailles	  and	  share	  the	  project	  
EMBRACE	  with	  the	  rest	  of	  the	  teams,	  professionals	  and	  general	  public.	  

● The	  competition	  process	  will	  be	  daily	  communicated	  because	  we	  do	  
not	  want	  to	  share	  this	  experience	  only	  with	  the	  present	  people	  but	  
with	  everyone	  that	  has	  followed	  EMBRACE	  in	  any	  of	  other	  way.	  

● Final	  details	  of	  the	  house.	  
● Sharing	   space	   and	   creating	   community-‐explanation	   of	   the	   app	  

created	  for	  EMBRACE	  community.	  
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Examples of the “Getting into EMBRACE” strategy - Smart concept, Smart location, Smart 

construction (May) 
 
 
The	  team	  has	  negotiated	  with	  Danmarks	  Radio	  (DR),	  one	  of	  the	  largest	  and	  most	  respected	  
tv-‐networks	   in	   Denmark,	   to	   be	   broadcast	   as	   the	  main	   story	   on	   the	   news.	   The	   network	   is	  
requiring	  exclusive	  rights	  for	  the	  story	  until	  the	  show	  has	  aired,	  meaning	  that	  team	  DTU	  has	  
to	  keep	  a	  low	  profile	  until	  then	  in	  regards	  to	  other	  similar	  media	  channels,	  but	  the	  team	  will	  
continue	  to	  update	  the	  website,	  facebook,	  twitter	  etc.	  as	  usual.	  It	  is	  expected	  that	  the	  show	  
will	  generate	  a	  lot	  of	  attention	  towards	  the	  team	  and	  the	  project	  from	  other	  medias,	  so	  the	  
team	  will	  prepare	  easy	  distributable	  material	  packages	  about	  the	  team,	  the	  project	  and	  Solar	  
Decathlon	  for	  interested	  journalists.	  
	  
During	  the	  competition	  period,	  a	  daily	  report	  will	  be	  done	  to	  show	  the	  process	  of	  EMBRACE	  
assembly	   and	   disassembly,	   and	   to	   share	   the	   experience	   with	   everybody	   that	   follows	  
EMBRACE.	  	  	  
	  
To	   be	   continued:	   After	   the	   competition	   in	   Versailles,	   EMBRACE	   will	   be	   disassembled	   and	  
transported	   back	   to	   Denmark	   where	   it	   will	   be	   erected	   in	   Universe	   Oplevelsespark 50	  
(Experience	  Park)	  on	  the	  island	  of	  Als.	  	  Here	  EMBRACE	  will	  be	  an	  active	  part	  of	  of	  the	  science	  
park	  where	   it	  will	  be	  open	   to	   the	  public,	  as	  well	  as	   it	  will	  be	  open	   to	   the	   sponsors	  and	   to	  
master	   students,	   ph.d	   students	   and	   researchers	   from	   DTU	   in	   order	   to	   carry	   out	   further	  
research	   within	   the	   fields	   of	   Embrace,	   related	   to	   human	   behavior,	   energy	   efficiency	   and	  
climate	  control.	  Team	  DTU	  will	  continue	  sharing	  the	  most	  important	  events	  and	  researches	  
that	  will	  take	  place	  in	  EMBRACE	  using	  the	  different	  communication	  tools.	  

05.7.3.7. TARGET GROUPS 
The	  target	  groups	  are	  divided	  into	  two	  overall	  groups,	  the	  public	  and	  the	  professionals.	  The	  
public	  is	  anybody	  who	  is	  not	  working	  within	  the	  industries	  that	  are	  associated	  with	  the	  areas	  
of	  Solar	  Decathlon.	  This	  means	  that	  the	  general	  information	  communicated	  to	  this	  group	  will	  
not	   be	   complicated	   technical	   aspects	   of	   the	   project.	   Both	   groups	   is	   further	   divided	   into	  
subgroups	   to	   ensure	   that	   the	   information	   can	   be	   tailored	   towards	   the	   targets	   expected	  
knowledge	  and	  interest	  levels.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
50	  http://universe.dk/en/	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Communication	  and	  Social	  Awareness	   298	  

	  

	  
Depending	  on	  the	  time,	  the	  communication	  is	  focused	  on	  different	  target	  audiences	  as	  the	  
figure	  shows:	  	  

 
 
Group	  1	  -‐	  The	  public	  
The	  group	  is	  divided	  into	  a	  number	  of	  subgroups	  in	  ranges	  of	  age,	  based	  on	  their	  expected	  
ability	  to	  understand	  the	  essence	  of	  the	  project	  as	  well	  as	  their	  expected	  knowledge	  about	  
and	   interest	   in	   the	   world	   on	   a	   global	   scale,	   sustainability	   and	   the	   environment,	   home	  
ownership	   and	   economy.	   Our	   target	   groups	   starts	   at	   the	   age	   of	   6	   as	   it	   is	   estimated	   that	  
targets	  below	  that	  age	  requires	  an	  advanced	  and	  careful	  approach.	  The	  teams	  resources	  are	  
limited	   and	   those	   resources	   are	   better	   spend	   informing	   and	   educating	   the	   parents	   of	   the	  
children	  in	  this	  group.	  
 
Subgroup	  1.1	  -‐	  Children	  age	  6-‐10	  years	  
This	  group	  of	  children	  have	  just	  started	  in	  school	  where	  they	  are	  being	  introduced	  to	  a	  lot	  of	  
new	  subjects,	  such	  as	  spelling,	  reading,	  math,	  nature	  etc.	  	  
The	  approach	  to	  reach	  this	  group	  should	  be	  very	  visual	  combined	  with	  simple	  words	  or	  short	  
sentences,	  as	  well	  as	  through	  games,	  drawings	  and	  other	  simple	  challenges	  where	  the	  child	  
can	  learn	  about	  the	  influence	  we	  have	  on	  nature	  and	  the	  environment.	  
Even	  though	  the	  internet	  is	  being	  used	  by	  a	  younger	  and	  younger	  audience,	  the	  team	  does	  
not	  have	  the	  resources	  to	  develop	  interactive	  web	  content	  suitable	  for	  this	  group.	  Therefore	  
the	  focus	  timing	  is	  during	  and	  after	  the	  competition	  period	  in	  Versailles	  
Relevant	  activities	  (during	  the	  competition)	  

● Create	   an	   activity	   where	   they	   can	   interact	   with	   the	   project	   and	   the	   concept	   of	  
EMBRACE.	  This	  could	  be	  through	  a	  drawing	  contest	  where	  the	  challenge	  is	  to	  draw	  
EMBRACE.	  

● Participating	   in	   visits	   with	   their	   parents	   which	   will	   show	   them	   EMBRACE	   in	   an	  
interactive	  way.	  

● Meeting	  EMBRACE	  in	  Universe	  Oplevelsespark	  where	  the	  house	  will	  be	  present	  for	  
two	  years	  after	  the	  competition.	  

 
Subgroup	  1.2	  -‐	  Pre-‐teens	  and	  teenagers	  age	  11-‐17	  
This	  group	  has	  an	  easier	  understanding	  of	  the	  essence	  of	  the	  project	  and	  Solar	  Decathlon	  in	  
general.	   They	   have	   a	   broader	   understanding	   of	   the	   world	   and	   can	   be	   educated	   about	  
sustainability.	  The	  real	  challenge	  is	  to	  gain	  their	  interest	  in	  these	  areas,	  but	  it	  is	  important	  to	  
make	  them	  aware	  of	  how	  they	  are	  and	  can	  influence	  the	  world	  through	  their	  behavior.	  The	  
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internet	   is	  an	  important	  part	  of	  their	   life	  and	  it	   is	  almost	  always	  available	  to	  them	  through	  
their	  smartphones,	   laptops	  and	  tablets.	  Their	   interest	   in	  technology	  is	  often	  large	  and	  they	  
are	  familiar	  with	  a	  broad	  range	  of	  applications.	  The	  aim	  is	  to	  teach	  them	  about	  the	  concept	  
of	   sustainable	   lifestyle	   and	   thereby	   develop	   a	   conscious	   approach	   to	   their	   own	   actions,	  
showing	  them	  how	  they	  can	  influence	  the	  nature	  and	  environment	  and	  how	  they	  can	  save	  
energy	  in	  their	  everyday	  life.	  
This	   target	   group	   is	   still	   too	   young	   to	   have	   a	   general	   interest	   in	   home	   ownership	   or	  
economy,	  and	  it	   is	  not	  expected	  that	  they	  are	  interested	  in	  the	  concepts	  and	  development	  
of	   EMBRACE.	   Therefore	   the	   focus	   timing	   for	   this	   group	   is	   in	   the	   last	   phase	   before	   the	  
competition,	  during	  and	  after	  the	  competition.	  
 
Relevant	  activities:	  

● Communication	  through	  social	  medias	  and	  the	  team	  website.	  
● Placing	  posters	  around	  schools	  and	  libraries	  in	  Copenhagen.	  
● Presenting	  EMBRACE	  at	  fairs,	  open	  door	  day	  at	  DTU	  etc.	  
● Presentations	  at	  fairs,	  conferences	  etc.	  in	  and	  around	  Copenhagen.	  
● Engage	  with	  them	  through	  an	  online	  version	  of	  the	  EMBRACE	  application.	  
● Meeting	  EMBRACE	  in	  Universe	  Oplevelsespark	  where	  the	  house	  will	  be	  present	  for	  

two	  years	  after	  the	  competition.	  
 
Subgroup	  1.3	  -‐	  Young	  people	  age	  18-‐28	  
This	  group	  have	  reached	  an	  age	  where	  they	  are	  close	  to	  moving	  away	  from	  home	  or	  they	  are	  
already	  living	  on	  their	  own.	  Most	   likely	  they	  live	  in	  (or	  will	   live	  in)	  a	  rented	  home	  and	  they	  
might	  be	  living	  with	  their	  partner.	  Economy	  has	  become	  an	  aspect	  they	  can	  grasp	  and	  relate	  
to	  and	  home	  ownership	  might	  be	  a	  relevant	  and	  serious	  consideration	  for	  this	  group.	  Thus	  
this	  group	  is	  the	  future	  consumer	  target	  of	  EMBRACE	  and	  it	  is	  important	  to	  inform	  them	  of	  
the	  sustainable	  options	  that	  are	  available	  not	  only	  through	  EMBRACE,	  but	  also	  through	  their	  
everyday	   life.	   They	   are	   able	   to	   fully	   understand	   the	   essence	   of	   the	   project	   and	   the	   Solar	  
Decathlon,	   including	   the	   concept	  development	  of	   EMBRACE.	  Therefore	   the	   focus	   timing	   is	  
before,	  during	  and	  after	  the	  competition.	  

Relevant	  activities:	  
● Communication	  through	  social	  medias	  and	  the	  team	  website.	  
● Events	  before	  the	  competition	  where	  it	  is	  possible	  to	  show	  our	  project	  EMBRACE.	  
● Placing	  posters	  around	  other	  universities,	  schools	  and	  libraries	  in	  Copenhagen.	  
● Presentations	  at	  fairs,	  conferences	  etc.	  in	  and	  around	  Copenhagen.	  
● Distribute	  the	  EMBRACE	  brochure	  among	  people	  from	  this	  target	  group.	  
● Publishing	  articles	  in	  relevant	  newspapers	  and	  magazines.	  
● Open	  door	  to	  the	  house	  once	  it	  is	  built	  in	  DTU	  and	  also	  during	  the	  competition.	  
● Meeting	  EMBRACE	  in	  Universe	  Oplevelsespark	  where	  the	  house	  will	  be	  present	  for	  

two	  years	  after	  the	  competition.	  
 
Subgroup	  1.4	  -‐	  Adults	  age	  29+	  
This	  group	  have	  finished	  their	  education	  and	  are	  working	  full	  time	  and	  represents	  the	  future	  
inhabitants	  of	  EMBRACE.	  They	  might	  be	  looking	  to	  buy	  their	  first	  home,	  the	  first	  child	  could	  
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be	   on	   the	   way	   and	   the	   economy	   is	   an	   important	   aspect	   to	   this	   group.	   It	   is	   important	   to	  
inform	  this	  group	  about	  the	  sustainable	  and	  affordable	  options	  EMBRACE	  can	  provide.	  Like	  
the	  previous	  group	   it	   is	  expected	  that	   they	  understand	  the	  essence	  of	   the	  project	  and	  the	  
Solar	   Decathlon,	   including	   the	   concept	   development	   of	   EMBRACE.	   Therefore	   the	   focus	  
timing	  is	  before,	  during	  and	  after	  the	  competition.	  

Relevant	  activities:	  
● Communication	  through	  social	  medias	  and	  the	  team	  website.	  
● Events	  before	  the	  competition	  where	  it	  is	  possible	  to	  show	  our	  project	  EMBRACE.	  
● Presentations	  at	  fairs,	  conferences	  etc.	  in	  and	  around	  Copenhagen.	  
● Distribute	  the	  EMBRACE	  brochure	  among	  people	  from	  this	  target	  group.	  
● Publishing	  articles	  in	  relevant	  newspapers	  and	  magazines.	  
● Open	  door	  to	  the	  house	  once	  it	  is	  built	  in	  DTU	  and	  also	  during	  the	  competition.	  

 
Group	  2	  -‐	  Professionals	  
This	  group	  is	  also	  divided	  into	  subgroups	  based	  on	  their	  expected	  affiliation	  with	  the	  project.	  	  
	  
Subgroup	  2.1	  -‐	  Students	  and	  employees	  at	  the	  university	  
Our	  university	   is	  multidisciplinary	  and	  to	  develop	  the	  most	  efficient	  house	  the	  team	  needs	  
input	  from	  many	  different	  study	  lines.	  Therefore	  it	  is	  important	  to	  reach	  out	  to	  students	  and	  
professors	   from	  all	  branches	   the	  university	   to	   recruit	   team	  members.	  Even	   if	   the	   students	  
we	  reach	  with	  our	  communication	  are	  not	  working	  with	  the	  team,	  we	  utilize	  the	  power	  of	  
mouth	   to	   mouth	   advertising.	   Hopefully	   the	   students	   are	   proud	   that	   their	   university	   are	  
participating	  in	  the	  Solar	  Decathlon	  and	  they	  will	  talk	  with	  their	  friends	  and	  family	  about	  it.	  
Hopefully	  Team	  DTU	  will	  be	  able	  to	  participate	  in	  Solar	  Decathlon	  Europe	  2016	  and	  the	  team	  
will	   need	  new	  members	   for	   that	   edition.	   Therefore	   the	   focus	   timing	   is	   before,	   during	   and	  
after	  the	  competition.	  

Relevant	  activities:	  
● Communication	  through	  social	  medias	  and	  the	  team	  website.	  
● Arrange	  lectures/presentations	  on	  campus.	  
● Advertising	  through	  posters	  on	  campus.	  
● Presenting	  EMBRACE	  at	  university	  fairs,	  open	  door	  days	  and	  similar	  events.	  
● Publishing	  articles	  in	  the	  university	  newspapers	  and	  magazines.	  
● Having	   EMBRACE	   open	   for	   further	   studies	   after	   the	   competition	   in	   Universe	  

Oplevelsespark.	  
● Invitation	  to	  topping	  off	  ceremony	  once	  construction	  is	  complete	  at	  DTU.	  

 
Subgroup	  2.2	  -‐	  Companies	  and	  employees	  working	  within	  the	  industry	  
This	   group	   is	   the	   potential	   sponsors	   and	   industry	   specialists	   that	   can	   aid	   the	   team	   with	  
knowledge	  and	  experience.	  This	  group	  is	  highly	  educated	  and	  have	  expert	  insights	  on	  many	  
subjects	  related	  to	  the	  project	  and	  Solar	  Decathlon.	  

Relevant	  activities:	  
● Communication	  through	  social	  medias	  and	  the	  team	  website.	  
● Meetings	  with	  the	  employees.	  
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● Newsletter	  with	  information	  on	  progress	  with	  the	  EMBRACE.	  
● Open	  door	  to	  the	  house	  once	  it	  is	  built	  in	  DTU	  and	  also	  during	  the	  competition.	  
● Presentations	  at	  fairs,	  conferences	  etc.	  in	  and	  around	  Copenhagen.	  
● Publishing	  articles	  in	  relevant	  newspapers,	  magazines	  etc.	  
● Information	  shared	  through	  official	  communication	  channels	  of	  DTU.	  
● Having	   EMBRACE	   open	   for	   further	   studies	   after	   the	   competition	   in	   Universe	  

Oplevelsespark.	  
● Invitation	  to	  topping	  off	  ceremony	  once	  construction	  is	  complete	  at	  DTU.	  

05.7.3.8. ACTIONS’ DESCRIPTION 

 
	  

Events before the competition 

The currency used for the budget is 100 euros = 745 DKK 
Past	  events	  

February	  2013	  
Recruitment	  strategy	  
Budget:	   prints,	   meals	  
and	  drinks	  

Target	  audiences:	  Young	  people	  /	  Scope:	  University	  
At	   the	   beginning	   of	   the	   project,	   the	   aim	  was	   to	   hire	   and	   interest	  many	  
students	   in	   this	   project.	   The	   communication	   used	   different	   means:	  
advertisement	   on	   display	   panels	   in	   the	   campus,	   emails	   were	   sent	  
targeted	  to	  some	  special	  students,	  a	  message	  was	  broadcasted	  on	  DTU's	  
intranet	  (Portalen),	  and	  a	  conference	  was	  held	  to	  present	  the	  project	  and	  
broadcast	   the	   film	  about	   the	  previous	  participation	  of	  Team	  DTU	   to	   the	  
Solar	  Decathlon	  Competition.	  
These	   actions	   enabled	   to	   get	   many	   students	   involved	   in	   the	   projects,	  
mainly	   from	   Architectural	   Engineering,	   Acoustics,	   Sustainable	   Energy,	  
Environmental	   Engineering,	   to	   unite	   the	   forces	   and	   cover	   the	   different	  
fields	  of	  the	  competition.	  

24-‐26.04.2013	  
Conference	   SB13	  
Munich	  

Target	  audiences:	  DTU	  team,	  Professionals	  	  
An	   international	   conference	   was	   held	   in	   Munich	   about	   Sustainable	  
Buildings,	   and	   the	   team	  decided	   to	   send	   five	   representatives	   there.	  The	  
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Budget:	  15	  000	  DKK	  /	  	  
2	  000	  EUR	  	  

objective	  was	  mainly	   to	   gain	   knowledge	   and	   inspiration	   in	   the	   fields	   of	  
sustainability	  in	  construction,	  but	  also	  to	  get	  in	  touch	  with	  some	  firms	  and	  
institutions	   (for	   example	   the	   former	   Danish	   Minister	   of	   Climate	   and	  
Energy).	  	  

03.05.2013	  
Headline	  workshop	  
Budget:	   meals	   and	  
drinks	  

Target	  audiences:	  DTU	  team	  /	  Scope:	  University	  
This	   internal	  workshop	  was	   aimed	   at	   defining	  more	   clearly	   our	   strategy	  
about	   the	   competition.	   The	   students	   were	   invited	   to	   discuss	   in	   groups	  
about	   the	   main	   messages	   they	   want	   to	   transmit	   through	   this	   project.	  
Some	   new	   ways	   of	   brainstorming	   were	   used:	   the	   students	   were	   also	  
asked	   to	   summarize	   their	   ideas	   under	   the	   form	  of	   a	   tweet,	  which	   is	   an	  
original	  yet	  efficient	  way	  to	  condense	  their	  visions	  in	  a	  short	  form.	  

04.06.2013	  
Supporters’	  workshop	  
Budget:	   meals	   and	  
drinks	  

Target	  audiences:	  DTU	  team,	  professionals	  /	  Scope:	  University	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
This	   workshop	   included	   the	   participation	   of	   different	   firms	   that	   were	  
interested	   in	   participating	   in	   the	   project.	   Different	   groups	   including	  
students,	   faculty	  advisors	  and	  company	   representatives	  were	   formed	   to	  
discuss	   the	   topics	   of	   innovation	   and	   communication.	   The	   aim	   was	   to	  
define	  possible	  ways	  of	   collaborating	  and	   clarify	   the	   intentions	  of	   those	  
companies,	  as	  well	  as	  to	  gain	  some	  inputs	  from	  these	  professionals.	  	  

06.06.2013	  
Dome	  of	  Visions’	  	  
field	  trip	  
	  Budget:	   0	   DKK	   /	   0	  
EUR	  

Target	  audiences:	  DTU	  team	  /	  	  Scope:	  Copenhagen	  
The	   concept	   of	   the	   Dome	   of	   Visions	   consists	   of	   a	   house	   in	   which	   the	  
building	  envelope	  has	  been	   splitted	   in	   two	  parts,	   creating	   in	  between	  a	  
new	  kind	  of	  inner	  space,	  neither	  public	  nor	  completely	  private.	  

08.06.2013	  
Nordhavnen	  	  
field	  trip	  
Budget:	  0	  DKK	  /	  0	  EUR	  

Target	  audiences:	  DTU	  team	  /	  	  Scope:	  Copenhagen	  
The	   team	  members	   were	   guided	   through	   this	   district	   by	   Rita	   Justesen,	  
who	   is	   the	   Chief	   of	   Architecture	   and	   Planning,	   City	   and	   Harbour	   in	  
Copenhagen	  Kommune.	  	  

10-‐28.06.2013	  
Intensive	  June	  course	  
Budget:	   materials	   for	  
model	  

Target	  audiences:	  Young	  people,	  Professionals	  /	  Scope:	  University	  	  	  	  	  
After	  almost	  one	   semester	  of	   investigations,	   this	  3-‐week	  period	  enables	  
the	  students	  to	  work	  full-‐time	  on	  designing	  more	  precisely	  the	  house,	  and	  
making	  the	  concept	  appear	  from	  all	  the	  previous	  work.	  The	  team	  benefits	  
from	  specific	  courses	  working	   in	  parallel	  on	  the	  topic	  of	  Solar	  Decathlon	  
through	  presentations	  from	  the	  students	  of	  these	  courses.	  
In	  this	  period,	  the	  students	  will	  also	  build	  a	  stand	  that	  can	  be	  used	  in	  the	  
future	  to	  attend	  conferences	  or	  fairs	  and	  present	  our	  project	  with	  posters	  
and	  models.	  	  

21.06.2013	  
Social	  event	  
Budget:	   10	   000	  DKK	   /	  	  
1	  350	  EUR	  

Target	  audiences:	  DTU	  team	  /	  	  Scope:	  Copenhagen	  
A	  dinner	  and	  party	  is	  organized	  for	  all	  the	  team	  members	  and	  teachers,	  to	  
gather	   all	   the	   participants	   in	   a	   festive	   way.	   This	   kind	   of	   social	   events	  
enables	  to	  create	  a	  team	  spirit	  and	  to	  get	  all	  the	  people	  involved	  to	  know	  
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	  	   each	   other	   better,	   especially	   the	   ones	   participating	   in	   different	  working	  
groups	  inside	  the	  project.	  	  

06.09.2013	  
SDE	  Introduction	  
Budget:	   meals	   and	  
drinks	  

Target	  audiences:	  Young	  people	  /	  Scope:	  University	  	  	  	  	  
Introduction	   of	   the	   DTU	   Solar	   Decathlon	   project	   EMBRACE	   to	   the	   new	  
DTU	  students	  and	  invitation	  to	  join	  the	  team.	  

15.09.2013	  
Innovation	  Day	  at	  DTU	  
Budget:	   100	   DKK	   /	  
15	  EUR	  

Target	   audiences:	   Young	   people,	   Professionals,	   General	   public	   /	   Scope:	  
University	  	  	  	  	  
Innovation	  Day	  at	  DTU	  is	  a	  good	  opportunity	  to	  interest	  many	  students	  on	  
our	  project.	  The	  Solar	  Decathlon	  team	  will	  hold	  a	  stand	  during	  this	  fair	  on	  
the	  campus.	  

11-‐18.09.2013	  
Body	   language	  
workshop	  
Budget:	   meal	   and	  
drinks	  

Target	  audiences:	  DTU	  team	  /	  Scope:	  University	  	  	  	  	  
Non-‐verbal	   communication	   workshop	   by	   Dalia	   Safir.	   The	   aim	   was	   to	  
improve	   the	   team	  members’	   presentation	   skills	   and	   to	   make	   everyone	  
more	  comfortable	  when	  being	  in	  the	  spotlight	  

01.10.2013	  
DSE	  Fokus	  Night	  
Budget:	   100	   DKK	   /	  
15	  EUR	  

Target	   audiences:	   Young	   people,	   Professionals,	   General	   public	   /	   Scope:	  
University	  
The	   DSE	   Focus	   Night	   is	   an	   annual	   event	   that	   takes	   place	   over	   several	  
evenings	   in	   the	   weeks	   39,	   40	   and	   41.	   More	   than	   20	   companies	  
participated	   across	   six	   themed	   nights	   within	   6	   different	   fields	   of	  
engineering.	  

03.10.2013	  
MiniCO2	  houses	  
Budget:	  6000	  DKK	  /	  
800	  EUR	  

Target	  audiences:	  DTU	  team,	  Professionals	  /	  Scope:	  Denmark	  
Visit	   the	   constructing	   site	   of	   an	   advanced	   project	   led	   by	   the	   company	  
Realdania	  Byg.	  It	  consists	  of	  5	  sustainable	  houses	  that	  are	  focused	  on	  one	  
particular	  aspect	  reducing	  the	  CO2	  emissions.	  

09-‐10.10.2013	  
Building	  green	  Fair	  
Budget:	  200	  DKK	  /	  
30	  EUR	  

Target	   audiences:	   Students,	   Professionals,	   General	   public	   /	   Scope:	  
Copenhagen	  
This	   event	   gathered	   all	   kinds	   of	   professionals	   related	   to	   the	   field	   of	  
sustainable	   construction,	   from	   solar	   panels	   producers	   to	   software	  
developers	   of	   building	   simulation	   tools,	   or	   promoters	   of	   inventive	   new	  
materials.	  

06.11.2013	  
SDE	  Workshop	  in	  Paris	  	  
Budget:	  unknown	  	  

Target	  audiences:	  Students,	  SDE	  Committee,	  Professionals	  
Presentation	   of	   EMBRACE	   to	   the	   rest	   of	   the	   SDE	   participants	   and	   get	  
feedback	   from	   the	   committee.	   Opportunity	   to	   know	   the	   other	   team	  
proposals	   and	   great	   experience	   to	   see	   the	   good	   environment	   created	  
between	  the	  different	  teams.	  

07.11.2013	   Target	   audiences:	   Young	   people,	   Professionals,General	   public	   /	   Scope:	  
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DTU	  open	  doors	  
Budget:	  unkown	  	  

university	  	  	  	  	  
DTU	  open	  doors	   is	  a	  good	  opportunity	  to	   interest	  many	  students	  on	  our	  
project.	   The	   Solar	   Decathlon	   team	   will	   hold	   a	   stand	   during	   this	   fair	  
campus.	  

29.11.2013	  
Social	   event.	  
Christmas	  dinner	  	  
Budget:	   10	   000	  DKK	   /	  	  
1	  350	  EUR	  

Target	  audiences:	  DTU	  team	  
A	  dinner	  and	  party	  is	  organized	  for	  all	  the	  team	  members	  and	  teachers,	  to	  
gather	   all	   the	   participants	   in	   a	   festive	   way.	   This	   kind	   of	   social	   events	  
enables	  to	  create	  a	  team	  spirit	  and	  to	  get	  all	  the	  people	  involved	  to	  know	  
each	  other	   better,	   especially	   the	   ones	   participating	   in	   different	  working	  
groups	  inside	  the	  project.	  

06-‐24.01.2014	  
Intensive	   January	  
course	  
Budget:	  materials.	  

Target	  audiences:	  Young	  people,	  Professionals.	  /	  Scope:	  University	  	  	  	  	  
This	   3-‐week	   period	   enables	   the	   students	   to	  work	   full-‐time	  on	  designing	  
the	   last	   details	   of	   the	   house	   before	   its	   construction.	   The	   team	   benefits	  
from	  specific	  courses	  working	   in	  parallel	  on	  the	  topic	  of	  Solar	  Decathlon	  
through	  presentations	  from	  the	  students	  of	  these	  courses.	  

15.01.2014	  
Sponsors'	  workshop	  
Budget:	   meals	   and	  
drinks	  

Target	  audiences:	  DTU	  team,	  professionals	  /	  Scope:	  University	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
This	   workshop	   included	   the	   participation	   of	   different	   firms	   that	   were	  
interested	   in	   participating	   in	   the	   project.	   Different	   groups	   including	  
students,	   faculty	  advisors	  and	  company	   representatives	  were	   formed	   to	  
discuss	  the	  different	  topics	  of	  the	  competition.	  The	  aim	  of	  the	  first	  part	  of	  
the	   workshop	   was	   to	   define	   the	   communication	   strategies.	   During	   the	  
second	   part	   of	   the	   workshop,	   team	   members	   and	   company	  
representatives	   could	   talk	   about	   the	  different	   topics	   of	   the	   competition	  
to	  keep	  the	  companies	  updated	  and	  get	  some	  feedback	  from	  them.	  

18-‐19.01.2014	  
Visit	  to	  KEA	  
Budget:	  200	  DKK	  /	  
30	  EUR	  

Target	  audiences:	  KEA	  Students	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Two	   visits	   to	   Copenhagen	   School	   of	   Design	   and	   Technology	   (KEA)	  were	  
done	   in	   order	   to	   hand	   out	   flyers	   among	   the	   students	   and	   to	   tell	   them	  
about	  the	  basis	  of	  the	  contest	  to	  design	  DTU	  team	  uniform	  for	  SDE.	  	  

06.03.2014	  
DTU	  Open	  Door	  Days	  
Budget:	  3000	  DKK	  /	  	  
400	  EUR	  	  

Target	   audiences:	   Young	   people,	   Professionals,	   General	   public	   /	   Scope:	  
University	  	  	  	  	  
DTU	  Open	  Door	  Days	  is	  a	  good	  opportunity	  to	  interest	  many	  students	  on	  
our	   project.	   The	   Solar	   Decathlon	   team	  will	   hold	   a	   stand	   during	   this	   fair	  
campus.	  

03.04.2014	  
SDE	   2014	   /	   Speed	  
Peer	   Review	  
Bootcamp	  
Budget:	  200	  DKK	  /	  	  
25	  EUR	  	  

Target	  audiences:	  Solar	  Decathlon	  Committee,	  SDE	  Teams,	  General	  public	  
As	   a	   way	   for	   team	   members	   to	   practise	   communicating	   the	   EMBRACE	  
concepts	   in	   a	   clear	   and	   easily	   understandable	   way,	   Team	   DTU	  
participated	   in	   the	   Speed	   Peer	   Review	   Bootcamp.	   This	   was	   also	   gave	  
useful	  information	  on	  the	  projects	  of	  other	  SDE2014	  projects.	  
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04.04.2014	  
FOLD	  vs	  EMBRACE	  
Budget:	  750	  DKK	  /	  	  
100	  EUR	  	  

Target	  audiences:	  Team	  DTU	  /	  Scope:	  University	  	  	  	  	  
Previous	   participants	   on	   the	   SDE2012	   project	   FOLD	   came	   to	   DTU	   for	   a	  
social	   event	   in	   order	   to	   share	   experience	   from	   the	   last	   competition	   in	  
Madrid	  2012.	  	  
The	  event	  included	  team	  building	  with	  coach	  Dalia	  Safir.	  	  

05.04.2014	  
Sustainability	  Without	  
Borders?	  
Budget:	  0	  DKK	  /	  
0	  EUR	  	  

Target	  audiences:	  Students,	  Professionals	  /	  Scope:	  Copenhagen	  
Members	   of	   Team	   DTU	   were	   invited	   to	   present	   the	   project	   at	   the	  
international	   student	   conference	   at	   LIFE,	   Copenhagen	   University	   called	  
“Sustainability	   without	   borders?	   -‐	   Energy	   in	   Asia	   and	   the	   World”.	   The	  
event	  encourages	  students	  to	  learn,	  be	  active,	  question	  and	  take	  action.	  

22.04.2014	  
Visit	   Spisehuset	   56	  
grader	  	  
Budget:	   0	   DKK	   /	   0	  
EURO	  

Target	  audiences:	  Team	  DTU	  	  	  	  	  	  	  
Representatives	   from	   Team	   DTU	   have	   visited	   the	   Danish	   restaurant	  
Spisehuset	  56	  grader	  (named	  Dining	  House	  56	  degrees	  due	  to	  its	  location	  
latitude)	   with	   specialty	   in	   Nordic	   Cuisine	   to	   discuss	   the	   menu	   for	   the	  
competition.	  

22.04.2014	  
EMBRACE	  
construction	  at	  DTU	  	  
Budget:	  unknown	  	  

Target	  audiences:	  Team	  DTU,	  Students,	  Professionals,	  Municipality	  
After	   a	   year	   of	   intense	   work,	   the	   construction	   of	   EMBRACE	   has	   been	  
launched	  at	  DTU.	  	  

May	  2014	  
Årsfest	   DTU	   (annual	  
celebration)	  
Budget:	   0	   DKK	   /	   0	  
EUROS	  

Target	  audiences:	  Young	  people	  /	  Scope:	  University	  	  	  	  	  
The	   annual	   celebration	   in	   DTU	   is	   an	   occasion	   to	   draw	   attention	   to	   the	  
students	  and	  the	  academic	  staff	  on	  the	  project.	  Usually	  HM	  the	  Queen	  of	  
Denmark	   is	   also	   present	   and	   shows	   interest	   in	   students-‐driven	   projects	  
like	  Solar	  Decathlon.	  

22.05.2014	  
Presentation	   of	  
EMBRACE	  
Budget:	  unknown	  	  

Target	  audiences:	  Young	  people,	  Professionals,	  General	  public	  /	  
Scope:	  University	  	  	  	  	  	  	  	  	  
All	  the	  effort	  done	  during	  almost	  two	  years	  has	  been	  rewarded	  seeing	  our	  
ideas,	   design,	   calculations	   in	   reality.	  	  
A	   big	   open	   ceremony	   took	   place	   in	   the	   house	   where	   students,	   faculty	  
members,	  companies,	  general	  public	  and	  of	  course	  Team	  DTU	  could	  see	  
the	  result	  of	  EMBRACE	  project.	  
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Future	  events	  
The	   following	   list	   is	   neither	   exhaustive	   nor	   detailed,	   but	   it	  will	   be	   updated	   throughout	   all	  
deliveries.	  

04.07.2014	  
Health	   &	   Safety	  
Workshop	  
Budget:	   Meals	   and	  
drinks	  	  

Target	  audiences:	  Team	  DTU	  /	  Scope:	  University	  
The	  workshop	  will	   include	   a	   basic	   introduction	   to	   on	   site	   safety,	   and	   a	  
step-‐by-‐step	  presentation	  of	  the	  construction	  process.	  

13.07.2014	  	  
Body	   language	  
workshop	  
Budget:	   Meals	   and	  
drinks	  

Target	  audiences:	  Team	  DTU	  /	  Scope:	  University	  
Non-‐verbal	  communication	  workshop	  by	  coach	  Dalia	  Safir.	  The	  aim	  is	  to	  
improve	   the	   team	  members’	   presentation	   skills	   and	   to	  make	   everyone	  
more	  comfortable	  when	  in	  the	  spotlight	  

Date	  undecided	  	  
Visits	   from	   the	  
sponsors	  in	  EMBRACE	  
Budget:	  unknown	  	  

Target	  audiences:	  DTU	  team,	  Professionals.	  /	  Scope:	  University	  	  	  	  	  
When	  the	  sponsors’	   list	   is	  definitive,	  Team	  DTU	  will	  plan	  visits	   from	  the	  
companies’	  employees	  to	  the	  house,	  when	  it	  will	  be	  built	  on	  the	  campus.	  

 

Events during the competition 
The	   communication	   strategy	   during	   the	   exhibition	   of	   the	   house	   in	   the	   Solar	   Village	   will	  
include:	  

● Diary:	  the	  process	  and	  construction	  of	  the	  house	  will	  be	  informed	  every	  day	  in	  order	  
to	  keep	  our	  followers	  updated.	  

● Informative	   leaflets	   of	   the	   house.	   The	   leaflets	   will	   provide	   significant	   information	  
about	   the	   integrated	   technologies	   of	   RES	   (renewable	   energy	   sources)	   and	   RUE	  
(rational	  use	  of	  energy)	  and	  the	  basic	  functionalities	  and	  features.	  

● RES	  small	  toys	  	  that	  will	  be	  distributed	  mainly	  to	  the	  children	  so	  they	  can	  understand	  
the	  subject	  of	  sustainability	  in	  a	  practical	  way.	  

● Guided	   tours	   for	   the	   visitors.	   Based	   on	   the	   target	   group	   the	   information	   will	   be	  
adapted	   accordingly.	   For	   example	   it	   will	   be	   more	   detailed	   for	   professionals	   and	  
people	   with	   a	   relevant	   academic	   background	   but	  more	   simplified	   for	   the	   general	  
public.	   Furthermore	   if	   elementary	   school	   tours	   are	   organized	   the	   information	  
provided	  will	   be	   very	   simplified	   in	   order	   for	   the	   children	   to	   understand	   the	   basic	  
concepts	  of	  the	  building	  and	  the	  res	  /	  rue	  integrated	  technologies.	  	  

● Informative	  video	  about	  the	  design	  and	  development	  process.	  
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13.06.2014	   Opening	  of	  the	  quarter	  of	  Decathletes	  

15.06.2014	   Welcome	  ceremony	  for	  decathletes	  and	  volunteers	  

16-‐26.06.2014	   Assembly	  period	  

27.06.2014	   Competition	  opening	  official	  ceremony	  

30.06.2014	   National	  Day	  

01.07.2014	  
03.07.2014	  
10.07.2014	  

Competition	  dinner	  

15-‐19.07.2014	   Disassembly	  period	  

Events after the competition 
There	   are	   not	   specific	   events	   planned	   for	   the	   period	   after	   the	   competition,	   but	   it	   will	   be	  
updated	  in	  the	  next	  deliverable.	  	  
The	   different	   social	   networks	   will	   continue	   updating	   and	   informing	   people	   about	   	   events	  
related	  with	  EMBRACE	  and	  Solar	  Decathlon.	  

05.7.3.9. THE LIFE OF EMBRACE AFTER THE COMPETITION 
The	  competition	  in	  Versailles	  is	  only	  the	  first	  small	  baby	  steps	  in	  the	  life	  of	  EMBRACE.	  Shortly	  
after	  EMBRACE	  has	  been	  taken	  down	  and	  transported	  back	  to	  Denmark,	  it	  will	  be	  erected	  in	  
Universe	  Oplevelsespark51	  (Experience	  Park)	  on	  the	  island	  of	  Als.	  	  Here	  EMBRACE	  will	  be	  an	  
active	  part	  of	  of	  the	  science	  park	  where	  it	  will	  be	  open	  to	  the	  public,	  as	  well	  as	  it	  will	  be	  open	  
to	  the	  sponsors	  and	  to	  master	  students,	  ph.d	  students	  and	  researchers	  from	  DTU	  in	  order	  to	  
carry	  out	  further	  research	  within	  the	  fields	  of	  Embrace,	  related	  to	  human	  behavior,	  energy	  
efficiency	  and	  climate	  control.	  

	  
“Universe	  is	  a	  hands-‐on	  science	  theme	  park	  where	  both	  children	  and	  adults	  play	  their	  way	  to	  
a	  knowledge	  of	  science.	  Here	  the	  visitors	  can	  go	  from	  one	  experiment	  and	  fun-‐filled	  natural	  
phenomenon	  to	  the	  next.	  At	  Universe,	  the	  whole	  family	  can	  get	  smarter	  on	  the	  forces	  of	  
nature	  and	  the	  wondrous	  world	  of	  science	  and	  technology,	  making	  everyday	  life	  more	  

enjoyable.”52	  
 
It	  was	  an	  old	  dream	  that	  came	  true	  when	  Jørgen	  Mads	  Clausen	  opened	  the	  experience	  park	  
Danfoss	  Universe	  in	  2005.	  Already	  in	  the	  mid-‐90s,	  the	  president	  of	  Danfoss	  got	  the	  idea	  to	  
create	  a	  park	  with	  focus	  on	  science	  and	  technology,	  and	  at	  the	  EXPO	  exhibition	  in	  Hannover	  
in	   2000,	   he	   bought	   The	  Blue	   Cube,	  which	   has	   since	   become	  one	   of	   the	   park’s	   landmarks.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
51	  http://universe.dk/en/	  
52	  http://universe.dk/en/about-‐the-‐park/	  
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Danfoss	  is	  a	  world	  leader	  within	  energy-‐efficient	  and	  climate-‐friendly	  solutions	  for	  selected	  
industries,	  and	  an	  active	  material	  sponsor	  for	  Embrace.	  
 
The	  research	   is	  mainly	  embedded	   in	   the	  PSO-‐project	  347-‐03753	  that	  DTU	   is	  participating	   in	  
together	  with	  one	  of	  the	  sponsors,	  Dansk	  Energi.	  The	  purpose	  of	  the	  research	  is	  to	  continue	  
the	  development	  of	  building	  technologies	  to	  advance	  energy	  plus	  houses.	  
Further	  research	  will	  be	  carried	  out	  at	  the	  science	  park	  in	  corporation	  with	  another	  sponsor,	  
NCC	  Construction	  A/S	  who	  is	  working	  actively	  towards	  developing	  new	  ideas	  about	  the	  3rd	  
space	   (the	   unheated,	   private	   living	   space)	   through	   their	   initial	   project	   Dome	   of	   Vision54,	  
which	  themes	  EMBRACE	  further	  unfolds	  and	  relates	  to	  living	  conditions.	  
	  
The	  plan	  is	  that	  EMBRACE	  is	  a	  part	  of	  the	  Universe	  Oplevelsespark	  for	  two	  years.	  Hereafter	  a	  
special	  project	  will	  make	  it	  possible	  to	  upcycle	  the	  single	  modules	  of	  EMBRACE	  to	  other	  uses	  
and	  more	   permanent	   context.	   This	   could	   be	   as	   a	   scout	   cabin	   or	   a	   summer	   cottage.	   This	  
process	  will	   be	   embedded	   in	   one	   of	   the	  major	   scientific	   cross-‐disciplined	   projects	   at	   DTU	  
Construction,	  the	  Zero	  Waste	  project.55	  

05.7.3.10. COMMUNICATION TOOLS 
	  
Official	  website	  
www.solardecathlon.dk	  
	  
The	  official	  website	  of	  the	  team	  contains	  information	  about	  the	  competition,	  the	  team	  and	  
its	  projects,	  and	  the	  Technical	  University	  of	  Denmark.	  The	  main	  objective	  of	  the	  website	  is	  to	  
serve	  as	  the	  main	  information	  source	  about	  the	  Team	  DTU.	  This	  is	  the	  main	  online	  resource	  
about	  the	  team	  and	  its	  activities.	  
	  
The	   website	   has	   been	   recently	   updated	   to	   make	   it	   more	   attractive	   and	   clear.	   Its	   simple	  
structure	   allows	   any	  person	   regardless	   of	   their	   abilities	  with	   computers,	  may	   access	   to	   all	  
available	  information	  about	  SDE,	  Team	  DTU,	  EMBRACE	  and	  our	  previous	  project	  FOLD.	  The	  
colors	  of	  the	  website	  have	  been	  also	  changed	  to	  the	  Team	  DTU’s	  color.	  
	  
The	  website	  is	  continuously	  being	  updating.	  Our	  blog	  is	  one	  of	  the	  most	  important	  tools	  to	  
communicate.	   every	   important	   event,	   achievement	   and	   progress	   done	   by	   DTU	   Team	   is	  
posted	  on	  it. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
53	  http://www.elforsk.dk/ELFORSK/Projekter/ProjectSearch/ProjektInfo.aspx?proji=346-‐037	  
54	  http://domeofvisions.dk/dome-‐of-‐visions/	  
55	  http://www.zerowaste.byg.dtu.dk/	  
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The	   official	   webpage	   was	   created	   when	   the	   team	   joined	   SDE’12,	   and	   is	   maintained,	  
enhanced	  and	  updated	  throughout	  the	  current	  competition.	  After	  the	  competition	  the	  page	  
will	   remain	   to	   communicate	   the	   use	   of	   the	   house	   afterwards	   and	   to	   serve	   as	   a	  
communications	  platform	  for	  upcoming	  editions	  of	  the	  Solar	  Decathlon	  competition.	  
Budget:	  
•	  Purchase	  of	  domain	  name	  500	  DKK	  (€	  66)	  
•	  Domain	  fees	  100	  DKK/month	  (€	  13/month)	  
	  
Facebook	  
www.facebook.com/teamDTU	  

 

 
The	  Facebook	  page	  of	  Team	  DTU	  represents	  the	  information	  about	  the	  team,	  relevant	  links	  
and	   related	   pages.	   It	   mainly	   serves	   as	   a	   platform	   to	   maintain	   communication	   with	   the	  
‘followers’	  by	  sharing	  information	  about	  the	  team,	  activities,	  and	  relevant	  events	  or	  articles	  
in	  the	  same	  field.	  
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The	  objective	  is	  to	  share	  information	  and	  updates	  about	  Team	  DTU	  and	  Solar	  Decathlon	  with	  
the	   interested	   users	   of	   Facebook;	   attract	   more	   people	   to	   follow	   the	   team	   and	   the	  
competition;	   to	   raise	  more	   interest	   towards	  sustainable	   technologies	  and	  architecture	  and	  
renewable	   energy	   among	   the	   followers	   and	   the	   visitors	   of	   the	   page	   and	   raise	   awareness	  
about	  the	  Technical	  University	  of	  Denmark.	  
This	  page	  was	  created	  once	   the	   team	   joined	   the	  competition	  SDE’14	  and	   is	  maintained	  all	  
the	  way	  throughout	  the	  competition	  time.	  It	  will	  also	  stay	  after	  the	  competition	  to	  share	  the	  
use	  of	  the	  house	  of	  the	  team’s	  ideas,	  and	  as	  a	  communications	  platform	  for	  participation	  in	  
the	   next	   editions	   of	   the	   Solar	   Decathlon	   competition.	   Although	   team	   DTU	   already	   had	   a	  
facebook	  page	  for	  FOLD,	  new	  changes	  have	  been	  done	  for	  the	  new	  project	  EMBRACE,	  which	  
forced	  the	  team	  to	  create	  a	  new	  page.	  
	  
With	  663	  likes,	  at	  the	  moment	  the	  majority	  of	  the	  followers	  are	  young	  people	  from	  Denmark	  
and	   the	   largest	   age	   group	   is	   between	  25-‐32	   years	   old.	   First	   of	   all,	   this	   is	  why	   the	   team	   is	  
putting	   the	   focus	   on	   communicating	   events	   and	   activities	   in	   Denmark,	   focusing	   on	  
Copenhagen	   area.	   Secondly,	   this	   is	   a	   reason	   for	   the	   team	   to	  maintain	   communications	   in	  
English	  and	  try	  to	  attract	  attention	  from	  outside	  Denmark	  to	  expand	  the	  reach.	  
Budget:	   There	   is	   no	   direct	   expense	   set	   for	   maintaining	   Facebook	   activities,	   as	   the	   team	  
members	  perform	  this	  task.	  
	  
Twitter	  
www.twitter.com/teamDTU	  

 

 
The	  Twitter	  account	  contains	  a	  short	  description	  of	  the	  team,	  links	  to	  relevant	  websites,	  and	  
is	  updated	  via	  short	  messages.	  The	  content	  of	  Twitter	  updates	  mainly	  corresponds	  with	  the	  
content	   of	   Facebook	   updates.	   The	   followers	   on	   twitter	   are	   more	   international	   than	   on	  
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Facebook,	   so	   it	   is	   important	   for	   the	   team	   to	  update	   it	  with	  more	   international	   content	   as	  
well.	  
The	   objectives	   are	   similar	   to	   the	   objectives	   of	   the	   Facebook	   page,	   but	   it	   is	   important	   to	  
emphasize	   the	   specific	   objective	   of	   the	   use	   of	   Twitter	   for	   the	   team	   –	   to	   attract	   more	  
international	  followers.	  
The	   followers	  are	  mainly	  organisations	  working	   in	   related	   fields,	  professionals	  and	  general	  
public	  interested	  in	  the	  topic.	  
The	  Twitter	  account	  was	  created	  once	  the	  team	  joined	  SDE’12.	  It	  twitter	  will	  be	  used	  across	  
the	  whole	  competition	  and	  will	  remain	  after	  the	  competition	  itself	  will	  be	  over.	  
The	   links	   to	   the	   Twitter	   account	   are	   cross-‐posted	   in	   all	   other	   online	   communications.	  
Moreover,	   through	   following	   relevant	   organisations’	   and	   institutions’	   accounts	   the	   team	  
attract	  attention	  to	  itself	  from	  those	  initially	  unaware	  of	  the	  competition.	  
Budget:	   There	   is	   no	   direct	   expense	   set	   for	   maintaining	   Twitter	   activities,	   as	   the	   team	  
members	  perform	  this	  task.	  
	  
Flickr	  
www.flickr.com/photos/teamdtu/	  

 
Flickr	   contains	   the	  description	  of	   the	   team	  and	   the	   albums	  with	  pictures	   representing	   the	  
activities	   of	   the	   team.	   This	   account	   is	   aimed	   at	   visually	   representing	   actual	   process	   of	  
working	  on	  the	  project	  for	  everyone	  involved,	  including	  sponsors,	  press	  and	  mass	  media.	  
The	  account	  will	  be	  maintained	  throughout	  the	  competition	  time	  and	  will	  remain	  after	  it.	  
The	   links	   to	   the	   Flickr	   account	   are	   cross-‐posted	   in	   all	   other	   online	   communications.	   The	  
updates	  of	  the	  albums	  are	  announced	  on	  Facebook	  and	  Twitter.	  
Budget:	  
The	  fee	  for	  the	  pro	  account	  is	  140	  DKK	  (€	  19)	  
No	   direct	   expense	   set	   for	  maintaining	   Flickr	   account,	   as	   the	   team	  members	   perform	   this	  
task.	  
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LinkedIn	  
http://www.linkedin.com/groups/DTU-‐Solar-‐Decathlon-‐Europe-‐3969404	  
The	  LinkedIn	  group	  contains	  the	  description	  of	  the	  team	  and	  competition	  and	  is	  maintained	  
to	  provide	  opportunities	  for	  students,	  professors	  and	  industry	  representatives	  to	  create	  and	  
maintain	  new	  connections.	  The	  main	  message	  of	  this	  account	  is	  that	  Solar	  Decathlon	  unites	  
students	   and	   professionals	   and	   creates	   opportunities	   for	   creating	   and	   maintaining	  
professional	  connections	  for	  participants	  of	  Team	  DTU.	  The	  account	  is	  aimed	  at	  creating	  and	  
maintaining	   a	   professional	   network	   among	   the	   participants	   of	   the	   team	   and	   the	   industry	  
partners	  in	  order	  to	  enhance	  the	  perspectives	  for	  working	  on	  further	  projects	  together	  and	  
enable	   professional	   communication,	   which	   can	   lead	   to	   employment	   opportunities	   for	  
participants.	  
As	   the	   LinkedIn	   group	   does	   not	   aim	   at	   the	   general	   public,	   its	   activities	   are	   mainly	  
communicated	  through	  internal	  communication	  channels	  
Budget:	   There	   is	   no	   direct	   expense	   set	   for	   maintaining	   LinkedIn	   account,	   as	   the	   team	  
members	  perform	  this	  task.	  
	  
YouTube	  
www.youtube.com/solardecathlonDK	  
This	  account	  contains	  the	  videos	  related	  to	  team	  DTU.	  The	  objective	  to	  share	  the	  Team	  DTU	  
videos	   on	   YouTube	   account	   in	   order	   to	   create	   further	   representation	   of	   the	   activities	  
involved	  in	  developing	  the	  EMBRACE	  project.	  
The	  links	  to	  the	  YouTube	  account	  are	  cross-‐posted	  in	  all	  other	  online	  communications.	  New	  
videos	  are	  announced	  on	  Facebook,	  Twitter	  and	  the	  blog	  on	  the	  official	  website	  
The	  account	  will	  be	  maintained	  throughout	  the	  competition	  time	  and	  will	  remain	  after	  it.	  
Budget:	   There	   is	   no	   direct	   expense	   set	   for	   maintaining	   YouTube	   account,	   as	   this	   task	  
performed	   by	   the	   team	   members.	   The	   expenses	   relating	   to	   video	   production	   are	   not	  
included	  in	  maintaining	  the	  account	  itself.	  
	  
Sponsor	  Newsletter	  
The	   sponsor	   newsletter	   was	   created	   to	   provide	  
information	  to	  the	  EMBRACE’s	  sponsors	  in	  order	  to	  keep	  
them	  updated	  with	  the	  progress,	  process	  and	  changes	  of	  
the	  project	  EMBRACE.	  	  
	  
The	  newsletter	  is	   launched	  every	  month	  from	  April	  until	  
the	   end	   of	   the	   competition	   (April,	   May,	   June	   and	   July)	  
and	  it	  follows	  the	  Smart-‐Save-‐Share	  strategy	  for	  the	  first	  
three	   months	   and	   there	   will	   be	   a	   summary	   of	   the	  
competition	  in	  the	  last	  monthly	  edition.	  	  
The	  following	  information	  is	  shared	  among	  others:	  
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● Process	  of	  the	  building	  construction	  at	  DTU.	  
● Detailed	  information	  about	  the	  design	  of	  EMBRACE.	  
● Explanation	  about	  the	  systems	  and	  techniques	  that	  are	  going	  to	  be	  done.	  
● Sponsors	  and	  their	  products.	  
● SDE	  competition:	  information	  about	  the	  competition	  and	  updates.	  
● Events	  related	  with	  EMBRACE	  

As	  the	  target	  audience	  are	  the	  DTU	  team	  sponsors,	  the	  information	  will	  be	  written	  in	  Danish.	  
Budget:	  No	  direct	  expense	  set	  for	  the	  newsletter,	  as	  the	  team	  members	  perform	  this	  task.	  
	  
Campusnet,	  e-‐mail,	  Dropbox,	  Google	  documents	  and	  Team	  Space	  (WAT)	  
	  
This	   tools	   content	   all	   the	   documentation	   and	   work	   files	   related	   with	   EMBRACE	   and	  
information	   that	   is	   shared	   between	   the	   team	   members.	   It	   is	   the	   way	   of	   the	   Team	   DTU	  
members	  to	  share	  information,	  researches,	  project	  process	  between	  the	  team	  members.	  
The	  tools	  will	  be	  maintained	  throughout	  the	  competition.	  
Budget:	  There	  is	  no	  direct	  expense	  set	  for	  maintaining	  these	  account,	  as	  the	  team	  members	  
perform	  this	  task	  
.	  
Wiki	  
www.solardecathlon.wikia.com/wiki/Solar_Decathlon_Wiki	  

 
The	   team	   has	   very	   recently	   initiated	   a	   dedicated	   micro	   Wiki	   about	   Solar	   Decathlon.	   The	  
purpose	   is	   to	  create	  a	  collaborative	  publishing	  platform	  where	  as	  much	   information	  about	  
Solar	  Decathlon	  as	  possible	  is	  gathered.	  Each	  edition	  of	  Solar	  Decathlon	  (U.S,	  Europe,	  China	  
and	  Latin	  America	  &	  Caribbean)	  has	  each	  own	  page	  with	  subpages	  for	  each	  edition.	  The	  idea	  
is	  to	  make	  a	  team	  and	  project	  page	  for	  each	  team	  that	  is	  participating	  in	  SDE2014	  and	  invite	  
them	  to	  add	  some	  information	  about	  their	  team	  and	  project	  to	  the	  wiki.	  This	  could	  simply	  be	  
information	  they	  have	  already	  used	   for	   their	  press	   release.	   If	   the	  SD/SDE	  organisation	  and	  
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the	   teams	  accept	   the	   invitation,	   the	  wiki	   could	  become	  a	  strong	  and	   informative	  place	   for	  
people	   seeking	   broad	   knowledge	   about	   Solar	   Decathlon.	   The	   wiki	   is	   currently	   in	   a	   beta	  
version	  and	  needs	  further	  development,	  but	  as	  it	  is	  a	  wiki,	  anyone	  who	  is	  interested	  can	  edit	  
and	   update	   the	   wiki.	   The	   wiki	   does	   have	   the	   option	   to	   lock	   pages	   from	   editing	   if	   this	   is	  
needed	  to	  control	  the	  content	  on	  certain	  pages.	  
	  
There	  is	  no	  budget	  associated	  with	  the	  wiki	  as	  it	  is	  100%	  free.	  

	  

05.7.4.1. DESCRIPTION OF THE EXTERIOR AREA 

 

 
 

05.7.4. EXTERIOR AREA AND PUBLIC TOUR DESCRIPTION 
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The	  renderings	  above	  display	  how	  the	  exterior	  area	  will	  look	  like	  on	  the	  lot.	  The	  yellow	  paths	  
represent	   the	   visitors	   paths	   on	   the	  Cité	   du	   Soleil.	   The	   green	   area	   represents	   the	   the	   area	  
needed	   for	   the	   construction	   of	   the	   house	   on	   site.	   Additionally,	   the	   solar	   envelope	   of	   the	  
adjacent	  lot	  is	  displayed	  for	  a	  better	  understanding	  of	  proportions.	  	  
 

Architectural concept of the exterior area 
	  
Concept,	  structure	  and	  materials	  
The	  house	  will	  be	  placed	  on	  a	  wooden	  deck,	   raised	  400mm	  above	  the	  ground	   level	  with	  a	  
wooden	  formwork.	  
For	   the	  exhibition	   in	   the	  Cité	  du	  Soleil,	   EMBRACE	  will	  be	  placed	  on	   top	  of	  a	  wooden	  deck	  
that	  will	  be	  constructed	  on	  site	  on	  the	  lot	  available	  for	  DTU-‐Team.	  
The	  height	  will	  be	  maximum	  40	  cm	  and	  the	  construction	  will	  mainly	  consist	  out	  of	   timber.	  
Adjustable	  columns	  will	   level	  out	  any	  height	  differences	   that	  may	  appear	  on	   the	   lot	  and	  a	  
timber	   frame	  will	   be	   constructed.	   Horizontal	   beams	  will	   be	   placed	   and	   screwed	   to	  metal	  
joist	  hangers	  that	  will	  have	  been	  attached	  to	  the	  frame	  and	  timber	  plates	  will	  finish	  the	  base	  
of	  EMBRACE.	  The	  whole	  pipe	   installation	  of	  EMBRACE	  will	  be	  placed	  underneath	   the	  deck	  
and	  an	  area	  of	  around	  15	  m2	  will	  be	  covered	  with	  metal	  grating	  as	  it	  will	  cover	  unglazed	  solar	  
collectors	  that	  need	  to	  have	  direct	  contact	  with	  the	  outdoor	  air	  in	  order	  to	  be	  cooled	  during	  
the	  night.	  
There	  will	   be	   only	   two	   ramps	   for	   accessing	   the	   lot;	   one	   on	   the	   east	   side	   and	   one	   on	   the	  
north.	  The	  ramps	  will	  be	  140mm	  wide	  and	  have	  a	  slope	  of	  3.9%.	  
	  

 
 
All	   of	   the	   equipment	   needed	   for	   the	   deck	  will	   be	   purchased	   in	   Paris	   and	   preferably	   near	  
Versailles	  in	  order	  to	  minimize	  transport	  costs	  but	  also	  pollution	  due	  to	  transportation	  and	  
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the	  CO2	  footprint	  of	  EMBRACE.	  We	  are	  already	  in	  touch	  with	  local	  carpenters	  near	  the	  Cite	  
du	  Soleil	  in	  order	  to	  arrange	  the	  construction.	  	  
 
Upcycling	  
The	  main	  idea	  is	  to	  reuse	  the	  materials	  used	  for	  this	  construction,	  especially	  the	  wood.	  After	  
the	  end	  of	  the	  competition,	  the	  wooden	  deck	  will	  be	  disassembled	  as	  well	  as	  the	  rest	  of	  the	  
EMBRACE	  house,	  but	  will	  not	  be	  transported	  back	  to	  Denmark.	  Indeed,	  we	  have	  contacted	  
Versailles’	   town	  hall	   in	  order	   to	  enquire	   if	   they	  could	  be	   interested	   in	  upcycling	  the	  wood.	  
The	   discussion	   has	   been	   very	   positive	   and	   the	   Green	   Department	   of	   the	   town	   hall	   is	  
enthusiastic	  about	  reusing	  the	  wood	  lamellas.	  A	  couple	  of	  ideas	  have	  been	  raised	  to	  give	  the	  
wooden	  deck	  a	  second	  life	  after	  the	  competition:	  	  

● “Esprit	   Jardin”,	   the	  annual	  eco-‐friendly	  event	  of	   the	  city	  of	  Versailles	   is	  welcoming	  
wood	  lamellas	  to	  build	  display	  cases	  for	  example;	  

● Versailles	   is	   also	   organizing	   carpentry	   workshops,	   for	   which	   the	   wood	   would	   be	  
perfect;	  

● Finally,	  the	  idea	  of	  using	  the	  wood	  to	  build	  organic	  vegetable	  gardens	  in	  Versailles’	  
schools	  has	  also	  been	  raised.	  	  

 

How to access the plot? 
	  
Entrance	  and	  exit	  routes	  
Team	  DTU’s	   plot	   is	   at	   the	   corner	   of	   three	   roads	   in	   the	   Cité	   du	   Soleil.	   The	   pictures	   below	  
display	  the	  orientation	  of	  the	  plot	  and	  how	  are	  placed	  the	  entrance	  and	  exit	  routes.	  
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Accessibility	  
As	  shown	  on	  the	  picture	  above,	  two	  ramps	  enable	  the	  access	  to	  and	  out	  of	  the	  deck,	  leading	  
to	  the	  Cité	  du	  Soleil’s	  main	  road.	  The	  ramps	  are	  140mm	  wide	  and	  have	  a	  slope	  of	  3.9%.	  	  
Circulation	  on	  the	  whole	  deck	  is	  complying	  with	  the	  accessibility	  requirements	  for	  disabled	  
people.	  	  
The	  figure	  below	  displays	  the	  critical	  dimensions	  of	  the	  different	  locations	  on	  the	  deck	  and	  in	  
the	  house.	  	  

	  
Entrance	  &	  Exhibition	  area	  
Located on the East aisle of the house, this area is dedicated to welcome people 
arriving on the lot and to guide them to the entrance of the house. The visitors will 
access the deck by the ramp, designed to fulfill the requirements of the Solar 
Decathlon Rules.  
At the top of the ramp begins the Exhibition area. Displaying various physical models 
of the house and posters, this area aims to explain to the visitors the concept and the 
features of the house. For example, the physical models will show how EMBRACE is 
integrated in a bigger urban scale in Nordhavnen in Copenhagen. The main idea is to 
offer visitors an overview of the project before they experience the house, for a better 
understanding of the context and the story behind the building they will visit. 
Explanatory panels have been designed to display both models and posters as can 
be seen on the previous pictures.  
Stickers located on the flooring will make easy indication of the direction of the 
entrance door to visitors.  
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Based on the mean expected number of visitors in the Cité du Soleil this summer 
and on the feedback from the last edition of Solar Decathlon 2012 in Madrid, we 
would expect a maximal affluence of 50 persons at the same time on the lot.  

05.7.4.2. TARGETED GROUPS 
The	  different	  target	  groups,	  on	  which	  we	  will	  be	  focused	  during	  the	  exhibition	  period,	  have	  
been	  defined	  and	   selected	   regarding	   the	   context.	   The	  different	   groups	  have	  been	  defined	  
according	  to	  theirs	  interests	  and	  expectancies	  for	  such	  an	  event.	  The	  main	  idea	  is	  to	  present	  
and	  explain	  them	  the	  whole	  concept	  behind	  the	  house	  through	  different	  ways.	  Indeed,	  the	  
outcome	  is	  unique	  but	  the	  means	  are	  different.	  
	  
The	  targeted	  groups	  are	  divided	  in	  two	  categories:	  the	  professionals	  and	  the	  passers-‐by.	  We	  
won´t	   necessarily	   obligate	   people	   to	   fit	   in	   with	   those	   categories.	   If	   they	   are	   willing	   to	  
learning	  technical	  details	  upon	  our	  concept,	  they	  will	  let	  be	  free	  to	  join	  a	  professional	  group.	  	  
	  

● A	   professional	   group	   is	   essentially	   a	   group	   that	   has	   technical	   prerequisites	   for	  
understanding	  the	  scientific	  details	  upon	  our	  dwelling.	  This	  group	  might	  be	  formed	  
by	  students	  or	  workers.	  	  

	  
● The	  passers-‐by	   group	   consists	  of	   all	   people	  who	  have	  not	   any	  prerequisites	   in	   the	  

building	   process.	   This	   group	   could	   contain	   adults,	   teenagers	   (10-‐16	   years)	   and	  
children	   (1-‐10	   years).	   Our	  main	   objective	   is	   to	   build	   and	   raise	   their	   awareness	   of	  
building	   sustainable	   and	   comfortable	   dwellings	   while	   fitting	   their	   understandings	  
and	  interests.	  	  

 
 
Target	  groups	   Subcategories	   Characteristics	  
Professionals	   Students	  

Workers	  
Teachers	  
	  

General	  information	  and	  facts	  about	  the	  house,	  
partially	  focusing	  on	  technical	  details.	  Some	  
technical	  knowledge	  are	  advised	  and	  required.	  	  
The	  tour	  will	  be	  done	  based	  on	  two	  different	  
visions:	  Architecture	  Vs	  Technic.	  

Visitors	  or	  passers-‐by	   Children	  
Teenagers	  
Adults	  

No	  scientific	  prerequisites	  are	  required.	  The	  
house	  will	  be	  experienced	  throughout	  a	  red	  
thread	  adapted	  to	  each	  type	  of	  people.	  

The “passers-by” 
	  
Children	  
The	  creation	  of	  a	  “Pavillon	  des	  Enfants”	  would	  be	  the	  perfect	  opportunity	  to	  sensibilize	  the	  
new	  coming	  generation	  by	  experiencing	  the	  architectural	   (and	  technical)	  dimension	  of	   this	  
house.	   Some	   workshops	   could	   be	   done	   by	   proposing	   some	   creative	   games	   (drawings,	  
paintings).	  Indeed,	  it	  is	  really	  important	  to	  build	  awareness	  of	  the	  city’s	  challenges	  of	  	  today	  
and	   especially	   tomorrow.	   It	   should	   be	   a	   place	   for	   independent	   or	   collective	   discovery	   for	  
children.	   This	   ensemble	   of	   activities	   could	   end	   up	   with	   some	   drawings	   such	   as	   “Draw	   a	  
house	  as	  the	  one	  you	  experienced”	  or	  make	  some	  creative	  modeling	  clays.	  Throughout	  the	  
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competition,	   children´s	   creations	  will	   be	   displayed	   to	   allow	   the	   public	   to	   discover	   the	   city	  
from	  young	  perspectives.	  	  
	  
	  
Teenagers	  	  
The	  teenagers	  is	  a	  particular	  group	  for	  which	  it	  is	  crucial	  to	  stress	  the	  creative	  and	  practical	  
elements	  within	  our	  concept.	  They	  form	  the	  next	  step	  in	  accepting	  and	  developing	  	  the	  new	  
sustainable	  building	  standards.	  For	  all	   these	  reasons,	  some	  stands	  with	  activities,	  e.g	  upon	  
the	  concepts	  of	  indoor	  comfort	  	  
and	  energy	  savings,	  will	  have	  to	  catch	  theirs	  interests	  all	  along	  the	  guided	  tour.	  
	  
Those	  activities	  will	  be	  organized	  around	  keys	  concepts	  such	  as	  the	  sensibilisation	  about	  the	  
construction	  materials	  and	  the	  money	  saving	  made	  on	  a	  more	  efficient	  consumption.	  
	  
Here	   below	   is	   a	   table	   filled	   with	   ideas	   for	   the	   	   teenager´s	   workshop.	   These	   activities	   are	  
planned	  to	  be	  placed	  in	  the	  Animation	  area	  described	  above.	  	  
 
Key	  concepts	   Practical	  demonstration	  
Energy	  savings	   A	  stand	  comparing	  several	  incandescent	  light	  bulbs	  with	  one	  LED	  	  	  
Introduction	  to	  technical	  and	  
well-‐conceived	  materials	  

A	  stand	  showing	  different	  kinds	  of	  construction	  materials	  required	  to	  
ensure	  a	  low-‐consumption	  building	  (insulation,	  	  wooden	  planks	  (without	  
hazchems),	  etc.)	  

● a	   recipient	   containing	   a	   hot	   liquid	   could	   be	   packed	   in	   an	  
insulated	   material,	   the	   temperature	   transmission	   would	   be	  
decreased	   by	   the	  material	   and	   this	   effect	  would	   let	   audience	  
experience	  the	  property	  of	  our	  house.	  	  

● “charge	  your	  phone	  with	  solar	  energy!”	  
Money	  savings	   A	  stand	  showing	  what	  you	  could	  buy,	  e.g	  a	  laptop,	  by	  turning	  down	  all	  	  a	  

house	  radiators	  of	  2°C	  	  
Hand-‐outs	   A	  guide	  of	  “10	  rules	  for	  enjoying	  an	  EMBRACEable	  house”	  will	  	  be	  given	  

to	  each	  participant	  at	  the	  end	  of	  each	  session	  
 
Adults	  
The	  adults	  will	  be	  asked	  to	  experience	  the	  house	  by	  attending	  a	  guided	  tour.	  There	  will	  be	  
several	  tours	  for	  visitors.	  Of	  course	  we	  will	  take	  into	  account	  the	  spoken	  language	  of	  visitors,	  
most	  of	  them	  will	  only	  speak	  French.	  Thus	  some	  guided	  tours	  will	  be	  given	  in	  French.	  Those	  
tours	   could	   be	   either	   self	   guided	   thanks	   to	   an	   multi-‐languages	   translator	   or	   guided	   by	   a	  
French	  member	  from	  the	  DTU	  team.	  A	  schedule,	  which	  indicates	  clearly	  the	  different	  time	  of	  
tours,	  will	   allow	   people	   to	   choose	   the	  most	   suitable	   solution	   for	   them.	   The	   goal	   of	   these	  
tours	   is	   to	   give	   an	   overall	   view	   of	   the	   way-‐of-‐living	   in	   the	   house	   and	   the	   exposure	   of	  
everyday	   life	   issues;	   e.g	   energy-‐money	   savings,	   walls	   flexibility	   or	   sharing	   within	   a	  
community.	  The	  stress	  will	  be	  on	  the	  SHARE	  and	  SAVE	  points	  from	  our	  slogan.	  

The professionals 
The	  key	  concept	  is	  to	  welcome	  all	  people	  feeling	  able	  to	  attend	  a	  guided	  tour	  focused	  much	  
more	  on	  technical	  details.	  An	  overall	  view	  of	  the	  structural	  core,	  the	  energetic	  system	  and	  
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the	   modularity	   will	   be	   exposed	   to	   the	   visitors.	   It	   will	   emphasize	   the	   SMART	   part	   of	   our	  
slogan	   while	   providing	   explanations	   to	   the	   whole	   concept.	   For	   these	   reasons,	   the	  
professionals	  will	  be	  suggested	   to	  attend	   the	   longer	   tour	   in	  which	  guides	  will	   take	   time	  to	  
explain	  more	  in	  details	  the	  technical	  concepts.	  Likewise,	  the	  professionals	  will	  also	  be	  asked	  
to	   share	   their	   specialities.	   The	   tour	  will	   be	   slightly	   different	   in	   function	   of	   guiding	   people	  
with	   architectural	   or	   technical	   backgrounds.	   English	   will	   essentially	   be	   the	   way	   of	  
communicating	  our	  ideas	  during	  these	  tours.	  	  

05.7.4.3. PUBLIC TOUR DESCRIPTION 

General 
The	  main	   idea	  of	   the	  public	   tour	   is	   to	  describe	   the	   visitors	   how	   it	  will	   be	   like	   living	   in	   the	  
EMBRACE	  house.	  Two	  different	  tours	  in	  the	  house	  will	  be	  proposed,	  of	  different	  durations.	  
The	  drawings	  below	  display	  both	  paths.	  The	  shorter	  tour	  aims	  to	  explain	  the	  living	  concept	  
of	   EMBRACE,	   and	   the	   longer	   will	   emphasize	   in	   addition	   to	   this	   on	   key	   details	   related	   to	  
indoor	   comfort	   that	  make	   the	   house	   a	   comfortable	   place	   to	   live	   in	   (light,	   indoor	   climate,	  
integrated	  control,	  flexibility	  of	  use).	  	  
Visitors	  will	   also	  be	   let	   free	   to	  enter	   the	  house	  and	  experience	   it	   by	   themselves,	  with	   the	  
possibility	  to	  ask	  questions	  to	  mediators	  placed	  in	  key	  places	  of	  the	  house.	  	  
The	  process	  of	  the	  tours	  will	  be	  the	  following:	  
 

1. Visitors	   go	   up	   the	  wooden	   deck	   thanks	   to	   the	   ramp	   and	   leaded	   by	   the	   road	   sign	  
installed	  along	  the	  main	  road;	  

2. Visitors	  will	  be	  asked	  to	  queue	  along	  our	  exhibition	  area.	  Posters	  and	  models	  will	  be	  
placed	   along	   the	   waiting	   line	   in	   order	   to	   let	   them	   learn	   our	   SAVE-‐SMART-‐SHARE	  
concept	  while	  waiting.	   In	  the	  meantime,	  a	  couple	  of	  EMBRACE	  team	  members	  will	  
welcome	  visitors	  on	  the	  lot	  and	  will	  be	  available	  to	  present	  orally	  the	  concept	  of	  our	  
project;	  

3. A	   member	   of	   the	   EMBRACE	   team	   will	   welcome	   people	   at	   the	   entrance	   of	   the	  
weather	   shield.	   The	   different	   teams	   will	   be	   organized	   in	   two	   different	   shifts	  
respectively	  assigned	  from	  11.00	  to	  15.00	  and	  from	  17.00	  to	  20.00	  for	  weekdays	  and	  
from	   10.00	   to	   16.00	   and	   from	   16.00	   to	   22.00	   for	   weekend	   days.	   There	   will	   be	   6	  
persons	   assigned	   for	   the	   morning	   shift	   and	   7	   persons	   assigned	   for	   the	   late	   shift.	  
Indeed,	  we	  would	  need	   two	  persons	   to	   take	  care	  of	   the	  short	  and	   long	   tours,	   two	  
people	   to	  answer	   technical	  questions	  and	  three	  people	   to	  carry	  out	  practical	   tasks	  
(flow	   of	   people,	   replacement,	   etc.). Otherwise, at  this moment, the different 
tours will be organized as follow: 
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4. During	   those	   tours,	   a	  member	  will	   guide	   the	   visitors	   along	   the	   visit.	   There	  will	   be	  
two	  guides	  per	  half-‐day.	  Each	  one	  will	  be	   in	   charge	  of,	   respectively,	   the	   short	  and	  
the	   long	   tour.	   The	   tours	  will	   be	   taught	   in	   English	   (for	   the	  majority)	   and	   in	   French.	  
Then,	   if	   someone	   doesn’t	   understand	   English,	   there	   will	   be	   a	   translation	   of	   the	  
ongoing	   guided	   tour	   either	   thanks	   to	   one	   of	   our	   team	  members	   or	   via	   translated	  
brochure;	  

5. At	  the	  end	  of	  the	  tour,	  the	  visitors	  will	  be	  proposed	  to	  join	  a	  discussion	  area,	  to	  talk	  
with	  our	  team	  members;	  or	  to	  lay	  down	  on	  cushions	  or	  chairs	  and	  relax.	  

	  
Based	  on	  the	  schedule	  of	  the	  event,	  the	  different	  tours	  will	  be	  differently	  addressed	  to	  each	  
category.	  For	  this	  reason,	  we	  decided	  to	  adapt	  our	  tour	  according	  to	  the	  following	  schedule:	  
	  
Groups	   Type	  of	  tours	   Schedule	  
Publics	  (Passers-‐by	  or	  
Professionals/Partners)	  

Short/Long	   ● Weekdays:	  	  
11h30-‐14h30	  &	  17h30-‐19H30	  

● Weekend:	  
10h-‐22h	  

● July	  12:	  10h-‐19h	  
● July	  7:	  No	  visits	  

Jury	   Daily	  presentation	  (Tours	  
postponed	  for	  the	  30mins	  of	  
presentation)	  

● Detailed	  schedule	  of	  the	  
competition	  

 
Here	  below	  are	  the	  different	  proposed	  guided	  tours.	  
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Short tour 

 
 
Visited	  zone	   What	  to	  emphasize	  on	   Communication	  materials	  
1.	  Exhibition	  area/Waiting	  line	   ● Urban	  context	  of	  EMBRACE	  

● Smart	  -‐	  Save	  -‐	  Share	  
● Posters	  
● Physical	  models	  

2.	  Entrance/Flexible	  room	   ● Presentation	  of	  the	  house	  &	  its	  
characteristics	  

● Brochure	  
● Demonstration	   of	  

the	  flexible	  room	  
3.	  Kitchen/Living	  room	   ● Integration	  of	  the	  kitchen	  

● EMBRACE	  as	  a	  comfortable	  and	  
intelligent	  dwelling	  unit	  

● Presentation	   of	   the	  
iPad	  app	  

● Kitchen	  in	  use	  
4.	  Sheltered	  garden	   ● Role	   of	   this	   garden	   in	   our	  

community	  
● Plants	  
● Posters	  

 
The	  short	  tour	  is	  mostly	  targeting	  the	  passers-‐by,	  of	  various	  age	  and	  background.	  
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Long tour 
 

 
 
 

Visited	  zone	   What	  to	  emphasize	  on	   Communication	  materials	  
1.Exhibition	  
area/Waiting	  line	  

● Urban	  context	  of	  EMBRACE	  	  
● Smart	  -‐	  Save	  -‐	  Share	  

● Posters	  
● Physical	  models	  

2.	  Entrance/Flexible	  
room	  

● Presentation	   of	   the	   house	   &	  
its	  characteristics	  

● Brochure	  
● Demonstration	   of	   the	   flexible	  

room	  
3.	  Kitchen	   ● Integration	  of	  the	  kitchen	   ● Kitchen	  in	  use	  
4.	  Living	  room	   ● Modularity	  of	  the	  space	  

● EMBRACE	   as	   a	   comfortable	  
and	  intelligent	  dwelling	  unit	  

● “How	  to	  live	  in”	  
● Presentation	  of	  the	  IPAD	  app	  
● Technical/Architectural	  

features	   (daylight,	   shading,	  
etc.)	  

5.	  Sheltered	  garden	   ● Role	   of	   this	   garden	   in	   our	  
community	  

● Plants	  
● Posters	  

6.	  Technical	  room	   ● The	  technical	  system	   ● Key	  figures	  upon	  the	  
consumption	  or	  the	  autonomy	  

 
The	   long	   tour	   is	   mostly	   targeting	   professionals,	   but	   is	   also	   suitable	   for	   passers-‐by	   with	   a	  
technological	  background.	  	  
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Jury tour 
The	   jury	   tour	  will	   be	   slightly	   different	   than	   the	   public	   tour,	   in	   this	   that	   it	   aims	   to	   offer	   a	  
complete	  overview	  of	  the	  project	  in	  all	  the	  different	  aspects.	  The	  main	  difference	  lies	  in	  the	  
fact	  that	  the	  jury	  will	  have	  the	  opportunity	  to	  access	  the	  first	  floor’s	  bedroom,	  whereas	  the	  
public	  tour	  remains	  on	  the	  ground	  level	  of	  the	  house.	  	  

How the tour will be done for disabled people? 
The	  main	  idea	  is	  not	  to	  make	  disabled	  people	  feel	  different.	  For	  this	  reason,	  we	  decided	  to	  
include	   some	   additional	   elements	   in	   order	   to	   enhance	   the	   public	   tour	   for	   sensorial	   and	  
motor	  disabilities.	  Some	  video	  features,	  with	  french	  and	  english	  subtitles,	  will	  allow	  sensorial	  
disabled	  people	   to	  understand	  and	  experience	   the	  house.	  Furthermore,	   flooring	   indication	  
marks	  will	  allow	  an	  easy	  guidance	  through	  the	  house	  for	  blind	  visitors,	  up	  to	  points	  where	  
there	  will	  follow	  video	  &	  audio	  features.	  Finally,	  the	  initial	  tour	  is	  totally	  adapted	  for	  visitors	  
in	  wheelchair	  so	  that	  they	  can	  be	  
guided with the most natural way.  

 
 
 
 

The	  Visual	  Identity	  Manual	  has	  been	  made	  into	  a	  self-‐supporting	  document,	  in	  order	  for	  the	  
Team	  DTU	  to	  have	  a	  quick	  overview	  of	  the	  guidelines	  and	  rules	  for	  the	  visual	  presentation.	  
Therefore	  this	  is	  provided	  as	  an	  individually	  document	  which	  can	  be	  seen	  on	  the	  next	  pages.	  
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WHY?
The Visual Identity Manual – VIM – is created for 
the Team DTU to have a consistently appearance 
and a clear identity towards external communica-
tion. 

The purpose of the VIM is to create identification 
and a personality for the whole team, as well as a 
give guidelines to the individually contest groups.

The manual provides the team members with 
the ability to maintain the visual identity of Team 
DTU using clear guidelines that are easy to follow. 

The Team VIM is designed to suit the visual iden-
tity  and guidelines of the Technical University of 
Denmark (v2.3). This relates to the choice of col-
our, fonts and use of the official DTU logos.1

It is chosen to create the VIM as a self-support-
ing document because the individually contest 
groups and people shall be able to get a quick 
and easy overview of the identity for the team. 

1  http://www.dtu.dk/english/About/Press-room/Design-guide

?
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TEAM DTU // EMBRACE
THE NAME

The team name is Team DTU and is inherited 
from the previous edition of Solar Decathlon Eu-
rope 2012, where Team DTU participated for the 
first time.

The name of this editions’ contribution is               
EMBRACE, meaning embracing the environment: 
the existing space, the sun and climate.

The concept of EMBRACE is to separate the enve-
lope of the house into two - a thermal envelope 
and a weather shield. The thermal envelope is 
the dwelling unit and the weather shield is the 
water and wind protection shield, which is ex-
tracted from the dwelling and creates a covered 
outdoor area - the Sheltered Garden. 

In this way the housing unit is EMBRACED by the 
weather shield which provides the dwelling with 
energy and comfort, and protects it from the wa-
ter and wind. EMBRACE will be an add-on placed 
on the roof of existing apartment buildings, em-
bracing the house, the communities and densify-
ing the urban area.

THE SLOGAN

In order to reach the audience it is necessary to 
explain in a direct and concise way what the pro-
ject is about. Thus, the “3xS” perfectly expresses 
the meaning of our project EMBRACE and, im-
plicitly, encourages people to consume in a smart 
way, saving resources and money and share with 
others. The slogan is: smart - save - share.

EMBRACE

Smart 

Save 

Share
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TEAM LOGO
The basis of the visual identity of Team DTU is the 
logo, which is a symbolic interpretation of the 
EMBRACE concept and has been under develop-
ment for a period of time. It consists of two main 
parts the symbol of the building and the below 
wordmark, EMBRACE. 

The building symbol part of the logo have several 
meanings and can be interpreted in various ways. 
The form of the EMBRACE house and the distinct 
angles of the roof and facades can be recognized 
in the shape of the symbol. It consist of an in-
ner core ‘embraced’ by three gradient shells, the 
three referring respectively to the dual building 
envelope and the sun and surroundings. 
The three gradients also symbolize the ideology 
of EMBRACE: Smart - Save - Share embracing the 
project. 

The font used in the below wordmark EMBRACE  
is an interpretation of Neo Sans Pro, which is the 
official font type of the Technical University of 
Denmark. The last letter has been edited to em-
phasize the sloped faces of the building envelope. 

Hereby is presented the team logo isolated and in 
various combinations with the SDE 2014 and DTU 
logo. It should be noticed that the free-zones 
of the different logos have been marked with a 
dashed grey line, and should not be interpreted 
as part of the logos. 

ISOLATED LOGO: PRIORITY 1
The isolated logo has the main “priority” for Team DTU. This is the logo that represents the whole team 
and the logo that should be visible to the general public and external communication. A free-zone, where 
other objects must not be placed around the logo is marked with a grey dashed line, and should not be 
interpreted as part of the logo.

COLOUR BACKGROUND LOGO: PRIORITY 2
The logo with the colour background has the second “priority” for the Team DTU.  This logo is the same 
logo as the first priority logo, but inverted in the colours, so it is white, a negative of priority 1 logo. This 
logo is intended to be used whenever having a coloured background of an e.g. poster, picture etc., where 
the black coloured logo would not stand out as much as intended. Here it can be seen on the background 
of the official Team DTU colour (for this please see further in the VIM), where it is easily seen that the 
black logo would not stand out as much as the white. Therefore this is chosen as the second priority logo.
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TEAM LOGO
LOGO + DTU: COLOUR

LOGO + DTU: MONOCHROME

LOGO + SDE: COLOUR

LOGO + SDE: MONOCHROME

3

The competition logo is 
used only horizontally.

There are monochrome alternative 
versions to be used in case 
a correct four-colour process 
reproduction is not possible 

• MONOCHROME NEGATIVE VERSION

• COLOURS USED IN THE LOGOTYPE

• MONOCHROME POSITIVE VERSION

C0 M0 Y0 K80

PANTONE 159
C0 M0 Y0 K80
R 193 G 89 B 27

C0 M0 Y0 K100

C0 M0 Y0 K80C0 M0 Y0 K80

PANTONE 130
C0 M0 Y0 K80
R 231 G 175 B 25

2.THE COMPETITION LOGO 

3

The competition logo is 
used only horizontally.

There are monochrome alternative 
versions to be used in case 
a correct four-colour process 
reproduction is not possible 

• MONOCHROME NEGATIVE VERSION

• COLOURS USED IN THE LOGOTYPE

• MONOCHROME POSITIVE VERSION

C0 M0 Y0 K80

PANTONE 159
C0 M0 Y0 K80
R 193 G 89 B 27

C0 M0 Y0 K100

C0 M0 Y0 K80C0 M0 Y0 K80

PANTONE 130
C0 M0 Y0 K80
R 231 G 175 B 25

2.THE COMPETITION LOGO 
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SPONSOR LOGO
The official sponsors for Team DTU and their log-
os can be seen below:

Jubilæumsfond

Jubilæumsfond



VISUAL IDENTITY MANUAL - DESIGN GUIDELINES page 8

TYPOGRAPHY
To have a consistency in the produced material 
from the different contest groups as well for all of 
the material produced from Team DTU, two fonts 
have been chosen, one for headings and one for 
body text. These two chosen typographies are 
found to be compatible with the official font “Neo 
Sans Pro” of the Technical University of Denmark, 
but at the same time stand of for them selves.

CENTURY GOTHIC
The Century Gothic font is chosen to have as the 
heading font for the Team DTU. The font is a geo-
metric sans-serif typeface that is quite simple in 
it’s expression but at the same time quite distinc-
tive when looking at it. This typography is found 
suitable for use of the headings. The font gives a 
clear expression, but can be difficult/hard to read 
when having longer texts, therefore it shall only 
be used as headings. Furthermore it has been 
decided that all of the headings shall be with 
CAPITAL letters. This gives a better separation be-
tween the headings and the body text.

CALIBRI
The Calibri font is chosen to have as the body 
text for the Team DTU. The font features round-
ed stems and corners, which are visible at larger 
sizes. The typography is also simple in its expres-
sion, but not as distinctive as the Century Gothic, 
and is found easier to read when having longer 
texts. Therefore this should be used as the font 
when writing body text. 

Calibri Regular
Calibri Italic
Calibri Bold
Calibri Bold Italic

FONT: HEADINGS

FONT: BODY TEXT

CENTURY GOTHIC REGULAR
CENTURY GOTHIC ITALIC
CENTURY GOTHIC BOLD
CENTURY GOTHIC BOLD ITALIC
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TYPOGRAPHY // REPORTS
HEADINGS: CAPITAL LETTERS

Format: Heading:    Size:  Type:  Page break:

X.  Heading 2   18  Bold  Before and after
X.X.  Heading 3   16  Bold  Before
X.X.X  Heading 4   14  Bold  Before
X.X.X.X  Heading 5   12  Bold  None
None  Heading 6   11  Bold  None

HEADINGS AND TEXT

It has been decided that to have a consistent ex-
pression, all reports, papers ect. that fits to a size 
A4 and A3 or similar, that are produced from the 
Team DTU has to have the same heading sizes as 
well as the same sizes for the body text, figures/
illustrations ect. These can be seen to the right.

All of the headings and body text have to comply 
with the two tyopgraphies chosen, mentioned 
above.  

TEXT:

  Text type:  Size:  Line spacing:  Other:

Normal text:  
  Regular  11  1.15    Justified

Figures/Illustrations text - Placed below – not numbered:
  Italic   9  1.15   Centred

Table’s text – placed above – not numbered:
  Italic   9  1.15   Centred
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COLOURS
In this section the full colour palette of Team DTU 
is presented. In following sections a more specific 
use of each colour will be described. 

The colours are based on the colours used in the 
previous mentioned Design Maual for the Tech-
nichal University of Denmark.

There has been chosen two primary colours for 
the Team DTU: Colour 01 and Colour 02, which 
can be seen to the right. They grey colour is a 
settled colour which is sutiable for general use, 
where the purple colour represent the whole 
Team DTU, and also the official colour of the t-
shirt for the competition.

Furthermore there has been chosen another 10 
colours, which the team are allowed to use in il-
lustrations, graphs ect. These colours can be seen 
to the left.

Please note that the shown colours below are 
only representatives of the actual colour, which 
may vary due to screen or print source. Please re-
fer to colour guides CMYK, RGB, HEX or PSM for 
accurate colours. CMYK is to be used for prints 
and are the colours seen here.

TEAM DTU COLOURS: PRIORITY 1

TEAM DTU COLOURS: PRIORITY 2

Colour 01
CMYK: 0/0/0/56
RGB: 153/153/1

Colour 02
CMYK: 0/100/0/60

Colour 03
CMYK: 0/25/100/0
RGB: 255/204/0

Colour 04
CMYK: 0/50/100/0
RGB: 255/153/0

Colour 05
CMYK: 0/75/100/0
RGB: 255/102/0

Colour 06
CMYK: 0/100/100/0
RGB: 255/0/0

Colour 07
CMYK: 0/100/0/0
RGB: 255/0/153

Colour 08
CMYK: 50/100/0/0
RGB: 153/0/102

Colour 09
CMYK: 75/50/0/0
RGB: 51/102/204

Colour 10
CMYK: 50/0/0/0
RGB: 51/204/255

Colour 12
CMYK: 25/0/100/0
RGB: 153/204/51

Colour 11
CMYK: 50/0/100/0
RGB: 102/204/0
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CONTEST CATEGORIES COLOURS
Each contest category will have its own colour 
code as shown. 

The idea with the colour code is, that each con-
test category will be recognizable by their colour 
representing them. This will give an overview of 
each category and also an identity for each cat-
egory/group. The aim is to have each category 
implementing these colours in their drawings/
sketches/illustrations so forth, so there will be 
a clear identity of each in collaboration with the 
common identity of the grey (Golour 01) and pur-
ple (Colour 02) colours representing the whole 
project. 

ARCHITECTURE

ENGINEERING AND CONSTRUCTION

ENERGY EFFICIENCY

ELECTRICAL ENERGY BALANCE

COMFORT CONDITIONS

HOUSE FUNCTIONING

COMMUNICATION AND SOCIAL AWARENESS

URBAN DESIGN, TRANSPORTATION AND AFFORDABILITY

SUSTAINABILITY

INNOVATION

Colour 03

Colour 04

Colour 05

Colour 06

Colour 07

Colour 08

Colour 09

Colour 10

Colour 11

Colour 12
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PRESENTATIONS // POSTERS
Posters (A0 and A1 format) as well as other 
graphical material shall have a consistency when 
presenting Team DTU externally. Therefore a tem-
plate for posters has been made, where either the 
general Team DTU colours (Colour 01 and Colour 
02) can be used, or if the poster represents the 
specific contest category/group their colour can 
be used as well. The template has a rather simple 
layout, with a header and footer in these colours. 
Further there has been made some proposals on 
how to distribute the text and pictures/illustra-
tions at the poster, but this will be more up to the 
groups, since they have different material that 
needs to be represented. 

The poster features a header in the respectively 
colour with the logo-stripes in white and with a 
headline. The footer has a line in the colour, and 
below there is the embrace logo, the SDE organi-
sation logo and two QR codes for Team DTU’s fa-
cebook page and website.

WEBSITE FACEBOOK

GENERAL TEAM DTU: HEADLINE

WEBSITE FACEBOOK

GENERAL TEAM DTU: HEADLINE

GENERAL POSTER TEMPLATE: TEAM DTU COLOURS
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PRESENTATIONS // POSTERS
Here are two examples of how the contest cat-
egory groups can use their colour representing 
them for the poster layout. This applies to all of 
the groups. 

It should be noticed that the layout of the post-
ers are still under construction, and might be 
changed later on. 

WEBSITE FACEBOOK

ARCHITECTURE

WEBSITE FACEBOOK

INNOVATION

GENERAL POSTER TEMPLATE: EXAMPLES OF CONTEST GROUP COLOURS
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TEAM UNIFORM
Hereby is presented the team color which will be 
used for team uniforms, business cards and other 
representation of team DTU.  

Team DTU has launched a competition to make 
the best uniform design in collaboration with the 
Copenhagen School of Design and Technology, 
KEA. The uniform design is therefore under de-
velopment.

The colour of the uniform/t-shirt is the Colour 02 
Purple: CMYK: 0/100/0/60. 

The back shall have the Sponsor logos on.

The front shall have the SDE logo and the EM-
BRACE logo on.
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Faculty	  Advisor	  
	  
	  
Project	  Manager	  
	  
	  
Project	  Architect	  
	  
	  
Project	  Engineer	  
	  
	  
Structural	  Engineer	  
	  
	  
Electrical	  Engineer	  
	  
	  
Student	  Team	  Leader	  
	  
	  
Health	  &	  Safety	  Team	  	  
Coordinator	  
	  
	  
	  
Safety	  Officers	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Christian	  Rønne	  
Tel:	  +45	  45251824	  -‐	  Email:	  chrir@byg.dtu.dk	  
	  
Christian	  Rønne	  
Tel:	  +45	  45251824	  -‐	  Email:	  chrir@byg.dtu.dk	  
	  
Mathilde	  Landgren	  
Email:	  s093378@student.dtu.dk	  
	  
Tim	  Fuller	  
Tel:	  +45	  91940270	  -‐	  Email:	  tfuller.sd@gmail.com	  
	  
Alectia	   (Alectia	   is	   a	   Danish	   consulting	   company	   that	   is	  
sponsoring	  our	  team)	  
	  
Alectia	   (Alectia	   is	   a	   Danish	   consulting	   company	   that	   is	  
sponsoring	  our	  team)	  
	  
Ulrik	  Eggert	  Knuth-‐Winterfeldt	  
Tel:	  +45	  45251929	  -‐	  Email:	  uegkn@byg.dtu.dk	  
	  
Nicolas	  Granjon	  
Email:	  s130860@student.dtu.dk	  
	  
	  
	  
Kenneth	  Sørensen	  
Tel:	  +45	  31139442	  -‐	  Email:	  kenno79@gmail.com	  
	  
Nils	  Rage	  
Tel:	  +4526786917	  (Denmark),	  +33610226857	  (France)	  	  
Email:	  s131486@student.dtu.dk	  
	  
Thibault	  Péan	  
Tel:	  +4591940395	  Email:	  thib_pean@hotmail.com	  
	  
	  
	  
	  

05.7.6. TEAM OFFICERS AND CONTACT INFORMATION 
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Site	  Operations	  	  
Coordinators	  
	  
	  
Contest	  Captain	  
	  
	  
Instrumentation	  Contact	  
	  
	  
	  
Communications	  	  
Coordinator	  
	  
	  
Sponsorship	  Manager	  
	  

Ulrik	  Eggert	  Knuth-‐Winterfeldt	  /	  Tim	  Fuller	  
Tel:	  +45	  45251929	  -‐	  Email:	  uegkn@byg.dtu.dk	  
Tel:	  +45	  91940270	  -‐	  Email:	  tfuller.sd@gmail.com	  
	  
Ulrik	  Eggert	  Knuth-‐Winterfeldt	  	  
Tel:	  +45	  45251929	  -‐	  Email:	  uegkn@byg.dtu.dk	  
	  
Eleftherios	  Bourdakis/	  Luca	  Gennari	  
Tel:	  +45	  91940297	  Email:	  ebourdakis@yahoo.gr	  
Tel:	  +45	  91111559	  Email:	  luca.gen88@hotmail.it	  
	  
Kenneth	  Sørensen	  
Tel:	  +45	  31139442	  -‐	  Email:	  kenno79@gmail.com	  
	  
	  
Bjarne	  W.	  Olesen	  
Tel:	  +45	  45254117	  -‐	  Email:	  bwo@byg.dtu.dk	  
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The	   Solar	   Decathlon	   competition	   could	   not	   be	   held	   without	   the	   help	   of	   numerous	  
supporters,	   since	   building	   a	   real	   full	   scale	   house	   and	   transporting	   it	   across	   the	   continent	  
requires	  some	  solid	  funding,	  especially	  for	  a	  team	  of	  students.	  This	  is	  a	  great	  opportunity	  to	  
create	  bonds	  between	  universities	  and	  companies,	  by	  involving	  the	  latter	  in	  an	  outstanding	  
project	  at	  the	  state	  of	  the	  art	  of	  the	  innovation,	  and	  in	  an	  international	  competition	  of	  great	  
reputation	  all	  around	  the	  world.	  	  
	  
Team	   DTU	   has	   gathered	   several	   companies	   to	   support	   the	   EMBRACE	   project	   financially.	  
Those	   companies	   are	   the	   ones	   with	   which	   we	   work	   in	   close	   collaboration.	   Other	   firms	  
provide	  us	  with	  technical	  assistance,	  supply	  of	  building	  material	  or	  appliances,	  or	  help	  during	  
the	  design	  phase.	  The	  detailed	  list	  can	  be	  found	  below.	  
	  
The	  companies	  involved	  with	  us	  can	  benefit	  a	  lot	  from	  this	  commitment	  on	  their	  own	  image.	  
The	   ‘Solar	  Decathlon	  brand’	   is	   internationally	   known	   in	   the	   construction	  and	  energy	   fields	  
for	  the	  highly	  innovative	  technologies	  gathered	  by	  the	  competition,	  and	  it	  can	  also	  appeal	  to	  
the	  general	  public	  with	  the	  simple	  notions	  of	  sustainability	  or	  zero-‐energy	  building.	  It	  makes	  
it	  a	  great	  medium	  to	  communicate	  a	  company’s	  values.	  Nowadays,	  many	  companies	  try	  to	  
advertise	  about	  their	  will	  to	  be	  sustainable,	  but	  it	  often	  remains	  a	  simple	  façade,	  and	  when	  
one	  scratches	  the	  green	  paint,	  their	  is	  no	  real	  actions	  behind	  the	  speech.	  The	  fact	  that	  it	  has	  
become	  a	  widespread	  trend	  also	  depreciates	   the	  value	  of	  such	  green	  announcements.	  But	  
being	  part	  of	   the	  Solar	  Decathlon	   shows	  an	  actual	   concern	  about	   the	  challenges	  of	   today,	  
and	  it	  is	  shown	  by	  actions,	  not	  only	  words.	  The	  companies	  can	  therefore	  make	  the	  most	  of	  
their	   internal	   and	   external	   communication	   to	   show	   that	   they	   are	   actually	   involved	   in	  
projects	  that	  try	  to	  make	  tomorrow’s	  world	  a	  better	  and	  more	  sustainable	  place	  to	  live	  in.	  
	  
The	  image	  of	  the	  supporting	  companies	  is	  not	  only	  improved	  by	  the	  content	  of	  the	  project	  
(the	  sustainable	  and	  innovative	  part),	  it	  is	  also	  bettered	  by	  the	  way	  of	  collaborating.	  Helping	  
a	   team	  of	   students	   shows	  how	  dynamic	   the	   company	   can	  be,	   by	   taking	   an	   interest	   in	   the	  
education	  of	  the	  young	  generation,	  understanding	  their	  new	  ways	  of	  thinking.	  We	  challenge	  
the	  traditional	  methods	  by	  creating	  a	  non-‐conventional	  house,	  and	  the	  supporting	  firms	  help	  
us	   building	   non-‐conventional	   and	   creative	   solutions	   to	   solve	   the	   problems	   related	   to	   the	  
originality	   of	   the	   project.	   Everybody	   benefits	   from	   this	   refreshing	   brainstorming,	   it	   keeps	  
students	   and	   employees	   aware	   of	   the	   new	   challenges	   and	   innovations	   that	   take	   place	   in	  
their	  field.	  The	  companies	  should	  take	  the	  opportunity	  to	  communicate	  on	  such	  dynamism.	  	  
	  
The	   students	   can	  bring	   some	   fresh	  approach	  with	   their	   young	  point	  of	   view,	  but	   they	   can	  
also	  benefit	   a	   lot	   from	   the	  experience	  of	   the	   industry	   specialists.	  We	  do	  not	   yet	  have	   the	  
experience	  necessary	  to	  get	  the	  tasks	  done	  in	  a	  quicker	  way,	  and	  the	  supporting	  companies’	  
representatives	  help	  us	  with	  the	  knowledge	  they	  accumulated	  during	  their	  career.	  With	  this	  
collaboration,	  we	  students	  expand	  their	  network	  and	  get	  to	  know	  the	  companies	  better,	  and	  
it	   impacts	   the	   image	  we	  have	  of	   them.	  We	  are	  more	   likely	   to	   spread	  good	  word	  on	   some	  
companies	   with	   which	   we	   have	   worked	   with.	   The	   students	   of	   today	   are	   the	   future	  

05.7.7. SPONSORSHIP MANUAL 
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employees	  of	  those	  firms,	  it	  is	  therefore	  important	  to	  create	  bonds	  and	  improve	  the	  fame	  of	  
the	   companies	   among	   students.	   The	   collaboration	   can	   even	   lead	   to	   the	   recruitment	   of	  
competent	  and	  dynamic	  students	  of	  the	  team	  who	  will	  complete	  their	  education	  right	  after	  
the	  competition.	  
	  
In	   addition	   to	   this	   ‘young’	   and	   dynamic	   image	   given	   by	   our	   collaboration,	   the	   firms	   can	  
emphasize	  on	  the	  international	  dimension	  of	  their	  involvement.	  The	  competition	  is	  of	  course	  
international,	  it	  takes	  place	  in	  Paris	  with	  teams	  from	  all	  continents	  (Japan,	  India,	  Costa	  Rica,	  
Chile,	  Mexico,	  USA,	  Thailand,	  Taiwan	  and	  many	  european	  countries	  of	  course).	  Even	  Team	  
DTU	   in	   itself	   is	   international,	   reflecting	   the	   university’s	   diversity.	   Almost	   half	   of	   the	   team	  
members	  come	  from	  foreign	  countries,	  with	  13	  nationalities	  represented.	  We	  are	  proud	  of	  
this	  multicultural	   diversity	   and	  we	   actually	   took	   pictures	   of	   the	   team	  members	  with	   their	  
national	  flags	  to	  display	  them	  on	  our	  website:	  
(http://solardecathlon.dk/wordpress/team-‐dtu-‐members/)	  
 

 

A	  part	  of	  the	  team	  members	  with	  their	  national	  flags	  
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We	   offer	   different	   kind	   of	   visibility	   to	   the	   supporting	   companies.	   Their	   logos	   and	   links	   to	  
their	  websites	  are	  displayed	  on	  our	  website,	  in	  the	  sponsors	  page:	  
http://solardecathlon.dk/wordpress/sponsors/	  
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The	  logos	  of	  the	  companies	  are	  also	  displayed	  on	  the	  back	  of	  our	  team	  uniforms,	  sorted	  by	  
the	  importance	  of	  their	  financial	  involvement.	  	  
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To	   help	   the	   companies	   in	   their	   own	   communication	   about	   the	   project,	   we	   developed	   a	  
monthly	  newsletter	  to	  keep	  them	  informed	  about	  the	  development	  of	  the	  project.	  They	  can	  
use	   it	  as	  a	  basis	   for	   their	   internal	  or	  external	  marketing	  campaigns,	  as	  well	  as	   the	  pictures	  
that	  we	  make	  available	  for	  them.	  
 
We	   also	   held	   several	   workshops	   during	   the	   development	   of	   EMBRACE,	   involving	   all	  
participating	   companies,	   in	  order	   to	   inform	   them	  of	  our	   choices,	   and	   receive	   their	   advice.	  
This	   collaboration	  was	   very	   profitable.	  We	  of	   course	   invited	   all	   companies	   to	   the	  opening	  
ceremony	  of	  the	  house,	  that	  took	  place	  at	  DTU	  on	  May	  22nd..	  The	  more	  involved	  companies	  
get	  the	  chance	  to	  be	  invited	  to	  visit	  the	  house	  and	  the	  whole	  Cité	  du	  Soleil	  in	  Paris	  in	  July.	  
 

05.7.7.1 LIST OF SPONSORS 
 
The	   following	   list	   gathers	   all	   companies	   that	   help	   or	   support	   team	   DTU	   for	   the	   Solar	  
Decathlon	   project	   in	   2014.	   The	   people	   in	   charge	   of	   sponsorships	   with	   all	   companies	   and	  
institutions	  are	  Christian	  Rønne	  and	  Bjarne	  W.	  Olesen	  (find	  contact	  information	  below).	  
	  	  
Christian	  Rønne	  	   	   	   	   Bjarne	  W.	  Olesen	  
Tel:	  +45	  45251824	   	   	   	   Tel:	  +45	  45254117	  
chrir@byg.dtu.dk	   	   	   	   bwo@byg.dtu.dk	  
	  
 
 

Partner institutions 
 

DTU  

 

The	  Technical	  University	  of	  Denmark	  was	  founded	  in	  1829	  by	  H.C.	  
Ørsted,	  the	  father	  of	  electromagnetism.	  Nowadays,	  it	  is	  one	  of	  the	  
leading	  engineering	  schools	  in	  Europe	  and	  Scandinavia.	  
The	  university	  is	  of	  course	  supporting	  the	  team	  that	  has	  its	  name,	  
financially,	   with	   all	   the	   facilities	   made	   available	   for	   the	   team	  
members	  and	  with	  the	  involvement	  of	  teachers.	  

www.dtu.dk Participation:	  1	  000	  000	  DKK	  	  	  /	  	  	  134	  228	  €	  
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SDE 

 

	  
The	  organization	  of	   the	  Solar	  Decathlon	  Europe	   is	   funding	  each	  
team	   to	   cover	   part	   of	   the	   expenses	   due	   to	   the	   involvement	   of	  
the	  team	  in	  the	  competition.	  
	  

www.solardecathlon2014.fr Participation:	  372	  500	  DKK	  	  	  /	  	  	  50	  000	  €	  
	  

Sponsoring companies 
 

Dansk Energi  

 

The	   Danish	   Energy	   Association	   is	   a	   commercial	   and	   professional	  
organization	   for	   Danish	   energy	   companies.	   It	   takes	   care	   of	   its	  
member	   companies’	   interests	   and	   thus	   works	   to	   improve	  
conditions	   and	   competition	   among	   these	   companies	   in	   order	   to	  
ensure	  development,	  growth	  and	  well-‐being	  in	  Denmark.	  

www.danskenergi.dk Participation:	  600	  000	  DKK	  	  	  /	  	  	  80	  537	  €	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Uponor  

 

Uponor	   is	   a	   leading	   supplier	   of	   plumbing	   and	   indoor	   climate	  
systems	   for	   the	   residential	   and	   commercial	   building	   markets.	  
Based	   in	   Finland,	   Uponor	   employs	   3200	   people	   in	   30	   countries	  
including	  Denmark.	  

www.uponor.com Participation:	  200	  000	  DKK	  	  	  /	  	  	  26	  846	  €	  	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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DTU 
Jubilæumsfonden 

 

 

This	   foundation	   was	   founded	   in	   2004,	   for	   the	   175th	  
anniversary	   of	   DTU.	   The	   donations	   collected	   by	   the	  
foundations	  help	   to	   finance	  cultural	  or	   social	  events	   for	   the	  
students	  of	  DTU.	  

www.alumne.dtu.dk/OmOs/Jubil
%C3%A6umsfonden.aspx  

Participation:	  150	  000	  DKK	  	  	  /	  	  	  20	  134	  €	  
	  
Team	   member	   in	   charge	   of	   communication	   with	   the	  
company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 
 

Saint-Gobain  

 

Saint-‐Gobain	   is	  a	  French	  company	  rich	  of	  a	   long	  history	  since	   it	  
was	   founded	   in	   1665,	   and	   is	   now	   a	   world	   leader	   in	   the	  
construction	  and	  habitat	  sector.	  Saint-‐Gobain	  mainly	  works	  with	  
construction	   products,	   innovative	   materials	   and	   building	  
distribution.	  

www.saint-gobain.fr Participation:	  125	  000	  DKK	  	  	  /	  	  	  16	  747	  €	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Schneider 
Electric 

 

 

Schneider	  Electric	   is	  a	  world's	  specialist	   in	  energy	  management	  
and	   optimization.	   It	   is	   based	   in	   France	   but	   employs	   around	  
140000	  people	  in	  more	  than	  100	  countries.	  

www.schneider-electric.com Participation:	  100	  000	  DKK	  	  	  /	  	  	  13	  423	  €	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Grundfos  

 

Grundfos	  is	  one	  of	  the	  largest	  manufacturers	  of	  pumping	  units	  in	  
the	  world,	  producing	  around	  16	  millions	  of	  pumps	  annually,	  which	  
represents	   50	   %	   of	   the	   world's	   market.	   The	   company,	   based	   in	  
Denmark,	   employs	   approximately	   18	   000	   people	   around	   the	  
world,	  and	  sells	  its	  products	  in	  more	  than	  50	  countries.	  

www.grundfos.com Participation:	  50	  000	  DKK	  	  	  /	  	  	  6	  711	  €	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

Ramboll  

 

Ramboll is a multi-disciplinary engineering, design and 
consultancy company working on Buildings, Transport, 
Environment, Energy, Oil & Gas and Management 
Consulting 

www.ramboll.com/ Participation: 
 
Team member in charge of communication with the 
company:  
Kenneth Sørensen  
Phone: +45 31139442  
Email: kenno79@gmail.com 
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Suppliers and other sponsoring companies 
 

Adserballe & Knudsen  

 

 

It is a young, dynamic and curious company founded 50 
years ago. Their work is focused on renovation, new 
construction and building services. 
 
Involvement: They are helping Team DTU to build the house 
showing us construction techniques.  

www.aogk.dk Team member in charge of communication with the 
company:  
Kenneth Sørensen  
Phone: +45 31139442  
Email: kenno79@gmail.com 
 

 

Alectia  

 

Alectia	   is	   a	   leading	   Danish	   consulting	   company	   that	   employs	  
around	   700	   people,	   mainly	   in	   Denmark.	   The	   company	   was	  
founded	   in	   1912,	   and	   works	   mainly	   in	   the	   fields	   of	   process,	  
environment	  and	  building.	  

www.alectia.com  Involvement:	   As	   a	   consulting	   company,	   Alectia	   validates	   the	  
drawings	  and	  documents	  necessary	  for	  the	  competition.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Batec	  Solvarme	   	  

	  

Batec	  Solvarme	  is	  a	  company	  that	  supplies	  solar	  panels,	  
photovoltaic	  panels	  and	  their	  components.	  	  
	  
Involvement:	  Batec	  Solvarme	  helps	  Team	  DTU	  providing	  the	  solar	  
thermal	  panels	  and	  PV	  panels.	  

www.batec.dk/	   Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Bravida  

 

Bravida	   is	   Scandinavia's	   premier	   integrated	   supplier	   of	   technical	  
installation	   and	   service	   solutions	   for	   buildings	   and	   plants.	   This	  
company	  employs	  around	  8000	  people	  in	  all	  Scandinavia.	  

www.bravida.com/en  Involvement:	   Bravida	   will	   help	   the	   team	   to	   make	   all	   the	   HVAC	  
installations	  in	  the	  house	  once	  it	  will	  be	  built	  at	  DTU.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 
 

COWI  

 

COWI	   is	   a	   leading	   consulting	   group	   that	   creates	   value	   for	  
customers,	   people	   and	   society	   through	   their	   unique	   360°	  
approach.	  

www.cowi.com  Involvement:	  Engineering	  consultancy	  	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Danfoss  

 

Danfoss	  is	  a	  Danish	  company	  producing	  hardware	  for	  a	  variety	  of	  
product	   categories	   such	   as	   refrigeration	   and	   A/C,	   heating,	   solar	  
energy,	  high	  pressure	  pumps	  and	  much	  more.	  

www.danfoss.com  Involvement:	  Still	  to	  be	  finally	  decided.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

Evers  

 

Evers is a company that supplies tile. The tiles are 
characterized by natural raw materials, energy-efficient 
production, minimal environmental impact during use and the 
ability to reuse or recycling.  

www.evers.dk Involvement: Evers supplies the floor cladding for EMBRACE. 
 
Team member in charge of communication with the company:  
Kenneth Sørensen  
Phone: +45 31139442  
Email: kenno79@gmail.com 
 
 
 

 

Flexwood  

 
Flexwood	   is	   a	   Danish	   company	   that	   works	   with	   the	  
development	  and	  production	  of	  laminated	  wood	  products.	  

flexwood.dk Involvement:	   Flexwood	   provides	   the	   team	   with	   Glulam	  
elements	  for	  the	  structure	  of	  EMBRACE.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Flos  

 

Flos	   is	   an	   international	   company	   designing	   and	   producing	  
luminaires.	  

www.flos.com  Involvement:	   Flos	   supplies	   the	   team	  with	   the	   luminaires	   for	   the	  
exterior	  and	  interior	  of	  EMBRACE.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Gaia Solar A/S  

 
Gaia	   Solar	   is	   a	   leading	   supplier	   of	   complete	   PV	   systems	   in	  
Scandinavia.	  It	  is	  based	  in	  Denmark.	  

www.gaiasolar.dk Involvement:	  Gaia	  Solar	  provides	  Team	  DTU	  with	  the	  PV	  systems	  
placed	  on	  the	  weather	  shield.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Grohe  

 

Grohe	   is	   Europe’s	   largest	   manufacturer	   of	   sanitary	   fittings,	  
including	  kitchen	  and	  bathroom	  faucets/taps	  and	  shower	  systems.	  
The	   company	   has	   9000	   employees	   all	   around	   the	   world	   and	   is	  
based	  in	  Germany.	  

www.grohe.com  Involvement:	  Grohe	  will	  provide	  the	  sanitary	  fittings	  of	  the	  house.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Idealcombi  

 

Idealcombi	   is	   a	   Danish	   company	   that	   develops,	   produce	   and	  
commercialize	   high	   quality	   doors	   and	   windows,	   both	   for	  
commercial	   and	   residential	   markets.	   It	   employs	   400	   people	   in	  
Denmark.	  

www.idealcombi.dk Involvement:	   Idealcombi	   will	   provide	   the	   windows	   of	   the	  
EMBRACE	  house.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

NCC	   	  

	  

NCC	  is	  one	  of	  the	  leading	  development	  and	  construction	  
companies	  in	  Northern	  Europe.	  They	  design	  residential	  buildings	  
and	  commercial	  premises,	  industrial	  and	  public	  buildings,	  roads	  
and	  other	  infrastructure.	  

www.ncc.dk	   Involvement:	  	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Nilan  

 

Nilan	  

www.nilan.dk  Involvement:	  Nilan	  will	   provide	  part	   of	   the	  HVAC	   systems	  of	   the	  
house	  (a	  Compact	  P	  unit	  with	  a	  heat	  pump).	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Lindab	   	  

	  

Lindab	  is	  an	  international	  Group	  that	  develops,	  manufactures,	  
markets	  and	  distributes	  products	  and	  system	  solutions	  for	  
simplified	  construction	  and	  improved	  indoor	  climate.	  
The	  products	  are	  characterized	  by	  their	  high	  quality,	  ease	  of	  
assembly,	  energy	  efficiency,	  consideration	  towards	  the	  
environment,	  and	  are	  delivered	  with	  high	  levels	  of	  service.	  	  

www.lindab.com	   Involvement:	  Lindab	  provides	  ventilation	  products.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 
 
Saint-Gobain 

 

 

Saint-‐Gobain	   is	  a	  French	  company	  rich	  of	  a	   long	  history	  since	   it	  
was	   founded	   in	   1665,	   and	   is	   now	   a	   world	   leader	   in	   the	  
construction	  and	  habitat	  sector.	  Saint-‐Gobain	  mainly	  works	  with	  
construction	   products,	   innovative	   materials	   and	   building	  
distribution.	  

www.saint-gobain.fr Involvement:	  Saint-‐Gobain	  is	  the	  supplier	  of	  the	  isolation	  of	  the	  
thermal	  envelope	  (which	  is	  of	  type	  Isover).	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Schneider 
Electric 

 

 

Schneider	  Electric	   is	  a	  world's	  specialist	   in	  energy	  management	  
and	   optimization.	   It	   is	   based	   in	   France	   but	   employs	   around	  
140000	  people	  in	  more	  than	  100	  countries.	  

www.schneider-electric.com Involvement:	   Schneider	   Electric	   helps	   the	   team	   designing	   the	  
control	  systems,	  and	  supply	  part	  of	   the	  electrical	  equipment	  of	  
the	  house.	  
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Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Skou	  Gruppen	  A/S	   	  

	  

Skou	  performs	  carpentry	  work,	  masonry	  work	  and	  glazing	  work	  
for	  all	  types	  of	  customers	  throughout	  the	  following	  area:	  fungus,	  
new	  windows,	  new	  doors,	  interior	  doors,	  flooring,	  additions,	  
office	  facilities,	  stairs,	  railings	  tasks,	  new	  roof,	  burglary	  claims,	  
insurance	  claims,	  renovations	  and	  restorations	  .	  

www.skougruppen.dk	   Involvement:	  Skou	  Gruppen	  provides	  the	  team	  with	  the	  
necessary	  wooden	  boards.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 
Solatek 

 

 

Solatek	   is	   a	   Danish	   company	   which	   was	   founded	   in	   2007,	   and	  
which	   develops	   solar	   shadings	   and	   other	   sunscreen	   devices	   for	  
the	  construction	  field.	  

solatek.dk/solafskaermning  Involvement:	  Solatek	  supplies	  the	  team	  with	  the	  shading	  devices.	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Spisehuset 56°  

 

Spisehuset	   56°	   is	   a	   Nordic	   restaurant	   located	   in	   the	   old	   naval	  
dockyard	   in	   Copenhagen.	   It	   focuses	   on	   the	   traditional	   Nordic	  
cuisine,	  spiced	  with	  modern	  and	  creative	  culinary	  arts.	  	  

spisehuset56grader.dk  Involvement:	  The	  restaurant	  chef	  helps	  the	  team	  to	  design	  and	  
cook	  a	  menu	  for	  the	  party	  dinner,	  in	  order	  to	  cook	  a	  tasty	  meal	  
with	  low	  energy	  consumption.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Thermex  

 

Thermex	   Scandinavia	   is	   a	   Danish	   company	   specialized	   in	   kitchen	  
hoods.	  

 www.thermex.dk  Involvement:	  Thermex	  provides	  the	  kitchen	  hood	  of	  the	  house.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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Troldtekt  

 

Since	  1935,	  Troldtekt	  has	  manufactured	  acoustic	  panels	  from	  the	  
natural	   materials	   wood	   and	   cement.	   They	   design,	   develop	   and	  
manufacture	   the	   panels	   in	   Denmark	   –	   from	   local	   materials	   and	  
under	  state-‐of-‐the-‐art	  and	  eco-‐friendly	  conditions.	  

www.troldtekt.com  Involvement:	   Troldtekt	   supplies	   the	   acoustic	   panels	   used	   for	   on	  
the	  ceiling	  of	  EMBRACE.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Universe  

 

Universe	   is	   a	   hands-‐on	   science	   theme	   park	  where	   both	   children	  
and	   adults	   play	   their	   way	   to	   a	   knowledge	   of	   science.	   Here	   the	  
visitors	   can	   go	   from	   one	   experiment	   and	   fun-‐filled	   natural	  
phenomenon	   to	   the	  next.	   At	  Universe,	   the	  whole	   family	   can	   get	  
smarter	   on	   the	   forces	   of	   nature	   and	   the	   wondrous	   world	   of	  
science	  and	  technology,	  making	  everyday	  life	  more	  enjoyable.	  

www.universe.dk   Involvement:	  The	  park	  will	  host	  the	  house	  after	  the	  competition,	  
where	  it	  will	  be	  open	  to	  the	  public.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

UPM  

 

Fibre-‐	   and	   biomass-‐based	   businesses,	   recyclable	   raw	   materials	  
and	  products	  are	  cornerstones	  of	  UPM's	  business.	  UPM	  integrates	  
bio	  and	  forest	  industries	  and	  builds	  a	  sustainable	  future	  across	  six	  
business	  areas:	  UPM	  Biorefining,	  UPM	  Energy,	  UPM	  Raflatac,	  UPM	  
Paper	  Asia,	  UPM	  Paper	  ENA	  (Europe	  and	  North	  America)	  and	  UPM	  
Plywood.	  

www.upm.com   Involvement:	  UPM	  supplies	  the	  terrace	  floor	  of	  EMBRACE.	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
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Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  

 

Uponor  

 

Uponor	   is	   a	   leading	   supplier	   of	   plumbing	   and	   indoor	   climate	  
systems	   for	   the	   residential	   and	   commercial	   building	   markets.	  
Based	   in	   Finland,	   Uponor	   employs	   3200	   people	   in	   30	   countries	  
including	  Denmark.	  

www.uponor.com Involvement:	   In	   addition	   to	   their	   financial	   involvement,	   Uponor	  
helps	   the	   team	   designing	   the	   radiant	   floor	   and	   its	   control,	   and	  
supplies	  it	  for	  the	  prototype	  house.	  	  
	  
Team	  member	  in	  charge	  of	  communication	  with	  the	  company:	  	  
Kenneth	  Sørensen	  	  
Phone:	  +45	  31139442	  	  
Email:	  kenno79@gmail.com	  
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O6. DINNER 
PARTY 
 MENU 
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The	  team	  have	  developed	  an	  exclusive	  menu	  in	  cooperation	  with	  one	  of	  the	  best	  restaurants	  
in	   Copenhagen	   -‐	   “Spisehuset	   56	   grader”56.	   The	  menu	   is	   based	   on	   products	   with	   origin	   in	  
nordic	  areas.	  
 
 

 
 
	  
	  

Starter:	  Tatar	  with	  egg	  yolk	  cream	  and	  crispy	  chips	  
Main	  course:	  Monkfish	  with	  mushroom	  purée	  and	  pearl	  barley	  
Dessert:	  Red	  mush	  (danish:	  “rød	  grød”)	  with	  raspberry	  granité	  and	  cream	  

 
 
 
 

Starter:	  The	  tatar	  is	  arranged	  in	  the	  center	  of	  the	  plate	  in	  a	  1	  cm	  high	  circle.	  The	  portion	  will	  
be	   approx.	   50	   g	   of	  meat	   per	   person.	  On	   top	  of	   the	   tatar	   a	   spot	   of	   egg	   yolk	   cream,	   crispy	  
potatoes	   and	   different	   fresh	   herbs	   are	   arranged.	   An	   oil	   of	   chervil,	   tarragon	   and	   bronze	  
fennel	  is	  poured	  around	  the	  tatar	  when	  serving.	  	  

  
Image of the starter: Tatar with egg yolk cream and crispy chips. 

 
Main	  course:	  A	  spot	  of	  mushroompurée	  is	  placed	  on	  the	  center	  of	  the	  plate	  followed	  by	  the	  
parsill	  rasp.	  The	  monkfish	  is	  flamed	  on	  the	  outside	  and	  afterwards	  rolled	  in	  the	  parsill	  rasp	  
and	  placed	  on	  the	  top	  of	  the	  plate.	  Extra	  parsill	  rasp	  and	  different	  fresh	  herbs	  are	  strewn	  on	  
top	  of	  the	  fish.	  When	  serving	  foamed	  buttermilk	  sauce	  is	  poured	  over	  the	  dish	  and	  the	  pearl	  
barley	  is	  served	  on	  the	  side	  for	  the	  guests	  to	  dose	  themselves.	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
56 The homepage of the resturant: http://spisehuset56grader.dk/ (visited 30. maj) 

06. DINNER PARTY MENU 
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06.1.1. ARRANGEMENT DETAILS 
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Image of the Main course: Monkfish with mushroom purée and pearl barley. 

 
Dessert:	  The	  red	  mush	  is	  arranged	  in	  a	  small	  bowl	  with	  plate	  sides.	  On	  top	  the	  white	  crispy	  
chocolate	  and	   raspberry	  granité	   is	   arranged	   in	   layers.	  On	   top	   cream	   is	   covering	   the	  entire	  
dish,	  and	  hiding	  it	  like	  secret	  dessert.	  	  

  
Image of the Dessert: Red mush with raspberry granité and cream. 
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Ingredient details for the starter 

Ingredient	   Amount	   Price	   Origin	  /	  Note	  
Eggs	   15	   2,5	  €	   Buy	  locally	  in	  France	  
Veal	  meat	   50	  g	  per	  person	  

400	  g	  in	  total	  
17	  €/kg	   Buy	  locally	  in	  France	  

Capers	  in	  jars	   1	  big	  handful	   1,50	  €	  /	  1	  jar	   Buy	  locally	  in	  France	  
Red	  onion	   1	  big	  onion	   0,50	  €	   Buy	  locally	  in	  France	  
Potatos	   4	  medium	  size	   1	  €/kg	   Buy	  locally	  in	  France	  
Different	  herbs	  
depending	  on	  what	  is	  
available	  (eg.	  chervil,	  
bronze	  fennel,	  
tarragon)	  

1	  handful	  per	  person	  	   15	  €	   Buy	  locally	  in	  France	  

Salt,	  pepper,	  
vinaigrette,	  taste	  
neutral	  oil	  

To	  clear	  the	  taste	   3	  €	   Buy	  locally	  in	  France	  

 
Ingredient details for the main course 

Ingredient	   Amount	   Price	   Origin	  /	  Note	  
Monkfish	   1	  tail	   31,50	  €/kg	   Buy	  locally	  in	  France	  
Mixed	   mushrooms,	  
depend	   on	   what	   is	  
available	  	  

0,5	  kg	  	   6	  €/kg	   Buy	  locally	  in	  France	  

Butter	   600	  g	   5,5	  €/kg	   Buy	  locally	  in	  France	  
Pearl	  barley	  	   1	  kg	   7	  €	   Bring	  from	  Denmark	  
Parsley	   1	  bag	   0,60	  €	   Buy	  locally	  in	  France	  
Dried	  bread	   1	  bread	   0.5	  €	   Buy	  locally	  in	  France	  
Buttermilk	  	   1	  ltr	   1.5	  €	   Buy	  locally	  in	  France	  if	  

possible	  otherwise	  
bring	  from	  Denmark	  

Different	  herbs	  
depending	  on	  what	  is	  
available	  for	  the	  look	  
(misuna	  salad)	  

Some	  leaves	  per	  
person	  	  

15	  €	   Buy	  locally	  in	  France	  

Salt,	  pepper,	  
vinaigrette,	  taste	  
neutral	  oil	  

To	  clear	  the	  taste	   3	  €	   Buy	  locally	  in	  France	  

 
 
 
 
 
 
 
 

 
06.2. INGREDIENTS 
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Ingredient details for the desert  
Ingredient	   Amount	   Price	   Origin	  /	  Note	  
Frozen	  berries	  
(strawberries,	  
rhubarb)	  	  

500	  g	  of	  each	   6,65	  €/kg	  strawberries	   Buy	  locally	  in	  France	  

Frozen	  raspberries	  	   1,5	  kg	   6,50	  €/kg	   Buy	  locally	  in	  France	  
Sugar	   250	  g	   0,90	  €/kg	   Buy	  locally	  in	  France	  
White	  chocolate	  
buttons	  

100	  g	   6	  €	   Buy	  locally	  in	  France	  

Cream	   ¼	  litre	   3	  €/l	   Buy	  locally	  in	  France	  
Milk	   ½	  litre	  	   0,9	  €/l	   Buy	  locally	  in	  France	  
Flourmelis	  (icing	  
sugar)	  

20	  g	   3,20	  €/kg	   Buy	  locally	  in	  France	  

Isinglass	   3	  pieces	   1	  €	   Buy	  locally	  in	  France	  
 
 
 
 

Day	  before	  or	  in	  the	  morning:	  egg,	  bread,	  pearl	  barley,	  potatoes	  
Just	  before:	  	  

Needed appliances and energy consumption. 
Starter	   Appliance	   Time	   Energy	  calc.	  
-‐	  eggs	   vacuumed	  in	  bag	   2	  min.	   -‐	  
-‐	  eggs	   cooked	   in	   vacuum	  	  

bag	   at	   64	   degrees:	  
appliances	   used	   is	   a	  
temperature	  stabilizer	  

4	  hours	   0.51	   kWh	   to	   heat	   the	  
water	   to	   64	   °C,	   +	   0.1	  
kWh	   to	   keep	   the	  
temp.	  =	  0.61	  kWh	  TOT	  
(losses:	  0.15	  -‐25W	  per	  
4	  h)	  

-‐	  chips	   cooked	  in	  deep	  fat	   ¼	  hour	   0.036	   kWh	   (from	  
induction	   stove	  
simulator)	  

-‐	  home	  made	  oil	   oil	  from	  chips	  blended	  
with	  parsley	  

5	  min.	   -‐	  

Main	  course	   	   	   	  

-‐	  pearl	  barley	   boiled	  in	  2	  L	  water	   20	  min.	   0.2	   to	   boil	   +	   0.039	  
kWh	   after	   boiling	   =	  
0.24	  kWh	  TOT	  
(from	   induction	   stove	  
simulator)	  

-‐	  burner	   heating	  the	  fish	   5	  min.	   Gas	   not	   taken	   into	  
account	  

-‐	  mushrooms	   roasted	  on	  pan	   10	  min.	   0.1	  	  kWh	  	  
(from	   induction	   stove	  
simulator)	  

-‐	  dryed	  bread	   dehydrated	   8	  hours	   0.4	  kWh	  
-‐	  rasps	   herbs	   blended	   with	   5	  min.	   -‐	  

06.3. PREPARATION 
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dryed	  bread	  
-‐	  stock	   1	  L	  heated	  butter	  milk	  

and	   boiled	   down	   to	  
half	  

20	  min.	   0.1	  kWh	  to	  boil	  +	  0.04	  
kWh	   after	   boiling	   =	  
0.14	  kWh	  TOT	  	  
(from	   induction	   stove	  
simulator)	  

-‐	  sauce	   stock	   blended	   with	  
butter	  and	  reheated	  

10	  min.	   0.019	  kWh	  
(from	   induction	   stove	  
simulator)	  

Dessert	  	   	   	   	  
-‐	  boiled	  berry	   mix	  of	  berrys	   10	  min.	   0.1	  kWh	  
-‐	  boiled	  berry	   raspberry	  	   10	  min.	   0.1kWh	  

-‐	  foam	   heated	  cream	   5	  min.	   	  
-‐	  grilled	  chocolate	   white	   chocolate	   in	  

induction	   oven	   at	   150	  
degrees	  

20	  min.	   0.2	  kWh	  

Only	  main	  parts	  of	  the	  courses	  are	  taken	  into	  account	  due	  to	  general	  uncertainties	  and	  small	  
amounts	  of	  many	  things.	  Things	  taken	  into	  account	  are	  those	  stated	  in	  course	  description.	  
 
Contributing	  
courses	  

Starter	   Main	   Dessert	   Total	   Recomended	  
women/men	  

Calories	   183	  kcal	   973	  kcal	   447	  kcal	   1604	  kcal	   2,000	  kcal	  /	  2,500	  
kcal	  

Protein	   20.4	  g	   53.7	  g	   6.2	  g	   80.4	  g	   45	  g	  /	  55	  g	  
Carbohydrate	   9.3	  g	   83.9	  g	   66.4	  g	   159.6	  g	   230	  g	  /	  300	  g	  
Sugars	   2.2	  g	   5.9	  g	   48.2	  g	   56.2	  g	   90	  g	  /	  120	  g	  
Fat	   7.7	  g	   65.6	  g	   19.5	  g	   92.8	  g	   70	  g	  /	  95	  g	  
Saturates	   2.2	  g	   40.2	  g	   11.1	  g	   53.5	  g	   20	  g	  /	  30	  g	  
Fibre	   1.7	  g	   9.8	  g	   8.3	  g	   19.8	  g	   24	  g	  /	  24	  g	  
Salt	   1.0	  g	   0.7	  g	   0.04	  g	   1.74	  g	   6	  g	  /	  6	  g	  
 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

06.3.1. NUTRITION DATA 
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In:	   	   	  
Sponsors	   320000	   €	  
Solar	  Decathlon	   100000	   €	  
	   	   	  
Total:	   420000	   €	  
	   	   	  
	   	   	  
	   	   	  
Out:	   	   	  
Faculty	  and	  Student	  Assistants	   146000	   €	  
Travel	  prior	  to	  the	  competition	   7300	   €	  
Travel	  to	  the	  competition	   8500	   €	  
Miscellaneous	   600	   €	  
Models	   2500	   €	  
Student	  stay	  and	  rented	  equipment	  in	  Versailles	  (paid	  by	  SDE)	   20000	   €	  
Topping	  event	   2500	   €	  
National	  day	   2500	   €	  
Communication	   	   	  

Subscriptions	   300	   €	  
Uniforms	   3200	   €	  
Food	   7300	   €	  
Dinner	  Party	   7500	   €	  
Disposable	   2500	   €	  

Construction	   150000	   €	  
Construction	  in	  Versailles	   10000	   €	  
Construction	  of	  exterior	  area	   20000	   €	  
Transportation	   	   €	  

Transportation	  of	  building	  parts	  at	  DTU	   2500	   €	  
Transportation	  to	  Versailles	   20000	   €	  

Workshops	   6500	   €	  
	   	   	  
Total:	   419700	   €	  
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This	   introduction	   highlights	   the	   responsibilities	   of	   the	   site	   management	   team,	   including	  
some	  of	   the	  most	   important	   rules	   related	   to	   the	  assignment.	  Because	   the	  most	   important	  
job	  for	  the	  site	  management	  team	  is	  to	  ensure	  compliance	  with	  site	  operations-‐related	  rules	  
of	   Solar	   Decathlon	   (Rule	   4	   “La	   Cité	   du	   Soleil”	   and	   Rule	   45	   “Site	   Operations	   Plan”)57.	   A	  
building	  permit	  can	  be	  obtained	  only	  if	  the	  team	  manages	  to	  comply	  with	  these	  rules.	  
	  
One	  of	  the	  most	  important	  sub	  rules	  is	  4.3.	  Lot	  Conditions	  and	  attribution	  -‐	  it	  describes	  the	  
size	  of	   the	   lot	  and	  the	  permitted	  working	  area	   (additional	   to	   the	   lot).	  Each	  team	  has	  been	  
given	  a	  20	  x	  20	  meter	  lot	  and	  a	  20	  x	  10	  meter	  working	  area	  (in	  Team	  DTU’s	  case	  this	  working	  
area	   is	   located	   to	   the	  west	  of	   the	   lot).	  The	   team	  cannot	   -‐	  under	  any	  circumstances	   -‐	  work	  
beyond	  these	  limits,	  as	  failing	  to	  comply	  with	  this	  rule	  might	  result	  in	  a	  point	  penalty	  or	  even	  
disqualification	  (see	  further	  below).	  
	  
Another	   very	   important	   rule	   is	   4.5.	   Respect	   of	   assembly	   plan	   -‐	   this	   is	   the	   part	   of	   the	  
competition	  where	   the	   site	  management	   team	  can	  earn	  points.	   If	   the	   team	  complies	  with	  
the	  submitted	  assembly	  plan,	  points	  will	  be	  awarded	  according	  to	  Table	  1.	  
 

Bonus	  points,	  Site	  Management	  
Actions	   Bonus	  points	  
Respect	  of	  safety	  plan	  on	  construction	  site	   10	  
Respect	  of	  planned	  deadline	  for	  wind-‐and-‐water	  tight	   5	  
Respect	  of	  planned	  deadline	  for	  electrical	  connection	  to	  village	  grid	   5	  
Respect	  of	  planned	  deadline	  for	  house	  delivery	   5	  
 
25	  points	  altogether-‐	  and	  even	  though	  it	   is	  a	  small	   fraction	  of	  points	   in	  a	  competition	  with	  
more	  than	  1000	  total	  points,	  the	  difference	  between	  1st	  and	  2nd	  place	  is	  very	  often	  less	  than	  
10	  points!	  
	  
While	  bonus	  points	  can	  be	  earned	  only	  once	  during	  the	  assembly	  process	  -‐	  penalties	  will	  be	  
given	  to	  the	  team	  every	  time	  it	  fails	  to	  comply	  with	  these	  rules:	  
	  

Penalty	  points,	  Site	  Management	  
Qualification	  of	  fault	   Points	  penalty	  up	  to	  
Not	  cleaning	  construction	  area	   5	  
Not	  respecting	  stock	  and	  work	  areas	   5	  
Incorrect	  waste	  throw	  in	  waste	  disposal	   5	  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
57	  An	  extract	  of	  the	  Solar	  Decathlon	  rules	  can	  be	  found	  in	  The	  Solar	  Decathlon	  Europe	  Rules	  v4	  
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Note:	   A	   time	   penalty	   can	   also	   be	   given	   (in	   addition	   to	   a	   point	   penalty)	   depending	   on	   the	  
degree	  of	   the	   fault.	  A	   time	  penalty	  will	   result	   in	   a	   lockdown	  of	   the	   construction	   site	   for	   a	  
period	  of	  time	  (decided	  by	  the	  Solar	  Decathlon	  organization).	  
	  
Every	   participating	  Decathlete58	  must	   be	   aware	   of	   these	   requirements	   -‐	   however,	   the	   Site	  
Operation	   Coordinator	   will	   always	   be	   main	   responsible	   at	   the	   construction	   site	   during	  
assembly	   and	   disassembly.	   Therefore	   (s)he	   must	   pay	   close	   attention	   to	   the	   above	  
requirements.	  
	  
Another	   task	   for	   the	   Site	  Management	   Team	   is	   to	   handle	   the	   Assembly/Disassembly	   Plan	  
and	  the	  Site	  Operation	  Plan59.	  The	  various	  plans	  will	  be	  made	  in	  accordance	  with	  the	  current	  
knowledge	   of	   the	   construction	   strategy	   along	   with	   Team	   DTU’s	   experience	   from	   Solar	  
Decathlon	  2012.	  
	  
The	  Site	  Management	  Team	  will	  also	  plan	  the	  transportation	  of	  the	  house.	  This	  process	  will	  
be	  described	  in	  detail	  later	  in	  this	  report.	  
	  
Finally,	   it	   is	   the	   responsibility	   of	   the	   Site	   Management	   Team	   to	   design	   of	   the	   modular	  
components	   (that	   the	  house	   consists	  of)	   in	   close	   cooperation	  with	   the	  Architectural	   Team	  
and	  the	  Engineering	  &	  Construction	  Team.	  The	  Site	  Management	  Team	  will	  primarily	  work	  
with	   volume	   of	   the	   components	   as	   well	   as	   the	   assembly/disassembly	   strategy.	   The	  
Architectural	  Team	  will	  focus	  on	  the	  aesthetics	  while	  the	  Engineering	  &	  Construction	  Team	  
will	   work	  with	   the	   static	   part	   of	   the	   components.	   The	   components	   will	   be	   designed	  with	  
affordability(/mass	  production),	  transportation,	  ease	  of	  assembly/disassembly	  and	  health	  &	  
safety	  in	  mind.	  

 

 
 
 

Many	  people	  will	  be	  involved	  in	  the	  construction	  process	  and	  in	  order	  to	  ease	  the	  work,	  QR	  
codes	  will	  be	  added	  to	  all	  major	  construction	  elements.	  
	  
A	  QR	  code	  (Quick	  Response	  Code)	  can	  be	  used	  to	  store	  a	  small	  amount	  of	  data;	  it	  could	  be	  a	  
string	   of	   text	   or	   even	   a	   URL.	   A	   worker	   equipped	  with	   a	   smartphone,	   tablet	   or	   any	   other	  
portable	   device	   capable	   of	   scanning	   QR	   codes,	   will	   be	   able	   to	   extract	   information	   about	  
specific	  building	  components	  -‐	  such	  as	  drawings,	  mounting	  procedures	  or	  even	  videos	  with	  
detailed	  instructions.	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
58	  A	  description	  of	  all	  Team	  Officers	  can	  be	  found	  in	  The	  Solar	  Decathlon	  Europe	  Rules	  v4	  
59	  Both	  the	  Assembly	  and	  Disassembly	  Plans	  can	  be	  found	  in	  Appendix	  D	  -‐	  Assembly	  and	  Disassembly	  
Plans	  

09.2 QR CODES 
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Using	  a	  smartphone	  to	  scan	  a	  QR	  code	  

 
A	  QR	  code	  sticker	  can	  be	  attached	  to	  almost	  any	  surface	  -‐	  however	  it	  is	  recommended	  that	  
the	   use	   of	   QR	   codes	   isn’t	   exaggerated.	   If	   too	  many	  QR	   codes	   are	   used,	   it	   could	   result	   in	  
confusion.	  But	   if	   the	  QR	   codes	   are	  used	   in	   a	   correct	  way,	   on	  major	   elements	   and	   “tricky”	  
parts	   -‐	   it	   can	   ensure	   a	   safer	   and	  more	   efficient	   building	   process.	   QR	   codes	   can	   easily	   be	  
produced	  online60	  -‐	  no	  special	  software	  is	  required.	  	  

	  
 
 
 

Team	  DTU	   expects	   to	   send	   up	   to	   30	   team	  members	   to	   Versailles	   during	   the	   construction	  
phase	  of	  the	  competition.	  The	  construction	  team	  is	  divided	  into	  3	  working	  groups:	  Team	  S1,	  

Team	  S2,	  and	  Team	  S3.	  It	  is	  assumed	  that	  each	  of	  the	  3	  working	  groups	  will	  consist	  of	  a	  
total	  of	  10	  team	  members.	  
	  
Ideally	   each	   group	   should	   work	   together	   during	   the	   entire	   assembly	   and	   disassembly	  

process;	   both	   at	   the	   DTU	   Campus	   and	   inside	   La	   Cité	   du	   Soleil.	   All	   team	   members	  
participating	   in	   this	   process	   are	   expected	   to	   have	   basic	   knowledge	   about	   carpentry,	  
construction,	  and	  especially	  safety.	  
	  
According	  to	  the	  French	  regulations,	  the	  maximum	  number	  of	  working	  hours	  is	  7	  hours	  per	  
day.	  Therefore	  each	  of	  the	  three	  shifts	  will	  be	  a	  total	  of	  8	  hours;	  1	  hour	  for	  lunch/dinner	  and	  
7	  hours	  for	  working.	  The	  1	  hour	  break	  will	  be	  mandatory	  for	  all	  workers.	   It	  will	  be	  the	  Site	  
Operations	  Coordinators	  (SOC)	  job	  to	  enforce	  this.	  The	  SOC	  may	  choose	  to	  schedule	  a	  break	  
during	  the	  “traffic	  jam	  buffer”.	  
	  
There	  must	  be	  1	  SOC	   for	  each	  group	   -‐	   resulting	   in	  a	   total	  of	  3.	   The	  3	  SOCs	  will	   be	  named	  
during	  the	  spring	  2014.	  The	  SOC	  must,	  at	  a	  minimum,	  demonstrate	  the	  following	  qualities:	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
60	  http://qrcode.kaywa.com/	  

 

09.3 SITE OPERATIONS COORDINATORS 
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● Knowledge	  of	  the	  assembly/disassembly	  process	  
● Authority	   inside	   the	   team	   to	   lead	   the	   rest	   of	   the	   team	  members,	   and	   to	   stop	   the	  

activities	  or	  all	  the	  assembly	  or	  disassembly	  process	  when	  necessary.	  

 

	  
The	  route	  from	  Kgs.	  Lyngby	  to	  Versailles	  (from	  Google	  Maps)	  

1. Kgs.	  Lyngby	  
2. Kolding	  
3. Flensburg	  
4. Hamburg	  
5. Münster	  
6. Liège	  
7. Valenciennes	  
8. Compiègne	  
9. Paris	  
10. Versailles	  

 
The	  total	  distance	  is	  approx.	  1400	  km.	  -‐	  the	  expected	  driving	  time	  is	  calculated	  to	  approx.	  30	  
hours	  (including	  the	  required	  rest	  time).	  

09.4 LOGISTIC OUTSIDE OF LA CITÉ DU SOLEIL 

09.4.1 TRUCKS ROUTE  
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Detailed	  map	  of	  the	  trucks	  route	  near	  La	  Cité	  du	  Soleil	  

 
1. A12	  towards	  Saint-‐Quentin-‐en-‐Yvelines	  
2. Take	   deviation	   Évry	   /	   Lyon	   /	   Dreux	   /	   Saint-‐Quentin-‐en-‐Yvelines	   /	   Bois-‐D'Arcy	   /	  

Versailles-‐Satory	  
3. Turn	  left	  and	  take	  N12	  
4. Take	  deviation	  4	  and	  join	  with	  D91	  towards	  Versailles-‐Centre/Versailles-‐Satory	  
5. Take	  deviation	  A86/Versailles-‐Centre/Versailles-‐Satory/Buc	  
6. At	  the	  roundabout	  take	  the	  fourth	  exit	  to	  towards	  A86/Buc/Versailles-‐Centre	  
7. Join	  with	  D91	  
8. Turn	  left	  and	  follow	  Rue	  de	  l'Orangerie/D10	  
9. Turn	  left	  and	  follow	  Allée	  des	  Matelots	  

 
 
  

09.4.2 DETAILED TRUCKS ROUTE NEAR LA CITÉ DU SOLEIL 
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Based	   on	   departure	   and	   arrival	   recommendations	   from	   Bison	   Futé61	  -‐	   the	   transportation	  
should	  be	  timed	  according	  to	  the	  following	  schedule:	  
	  

School	  holidays:	  avoid	  weekends	  (if	  possible)	  

Thursday Friday Saturday Sunday Monday 

 
Weekdays:	  avoid	  night	  and	  peak	  hours	  (if	  possible)	  

00:00 - 07:00 07:00 - 10:00 10:00 - 16:00 16:00 - 20:00 20:00 - 24:00 

	  
The	  trucks	  should	  arrive	  to	  La	  Cité	  du	  Soleil	  as	  stated	  in	  the	  following	  (details	  can	  be	  found	  in	  
the	  Gantt	  chart	  -‐	  Appendix	  B	  -‐	  Gantt	  Chart	  Versailles,	  Assembly	  and	  Appendix	  C	  -‐	  Gantt	  Chart	  
Versailles,	  Disassembly):	  
	  
Assembly	  
Truck	  number	   	   Date	   	   	   Time	  
Truck	  1:	  	   	   16.06.14	  Monday	   12:00	  
Truck	  2:	  	   	   17.06.14	  Tuesday	   10:00	  
Truck	  3:	  	   	   17.06.14	  Tuesday	   14:00	  
Truck	  4:	  	   	   17.06.14	  Tuesday	   17:00*	  
Truck	  5:	  	   	   18.06.14	  Wednesday	   06:00*	  
 
Disassembly	  (during	  school	  holidays)	  
Truck	  number	   	   Date	   	   	   Time	  
Truck	  5:	  	   	   18.07.14	  Friday	  	   06:00*	  
Truck	  4:	  	   	   18.07.14	  Friday	  	   11:00*	  
Truck	  3:	  	   	   18.07.14	  Friday	  	   13:00*	  
Truck	  2:	  	   	   18.07.14	  Friday	  	   20:00*	  
Truck	  1:	  	   	   19.06.14	  Saturday	   10:00*	  
	  
	   	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
61	  French	  public	  service	  traffic	  information	  -‐	  http://www.bison-‐fute.gouv.fr/	  
*	  In	  order	  to	  deal	  with	  possible	  traffic	  jam,	  1	  hour	  buffer	  time	  has	  been	  scheduled	  

09.4.3 TIMING OF THE LOGISTIC 
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The	   transportation	   of	   the	   house	   to	   the	   competition	   in	   June	   2014	   requires	   significant	  
planning.	   A	   shipping	   company	   has	   been	   contacted	   for	   quotes	   on	   cost	   per	   truck	   of	   the	  
delivery,	   and	   the	  most	   efficient	   route	   from	   Lyngby	   to	   Versailles	   has	   been	   developed.	   The	  
maximum	   shipping	   size	   governed	   by	   both	   French	   standards	   (including	   La	   Cite	   du	   Soleil	  
requirements)	  as	  well	  as	  the	  size	  specified	  by	  the	  transportation	  provider.	  
	  

Table	  5	  -‐	  Maximum	  dimensions	  for	  shipping	  
Category	  1	  French	  Std.	  /	  La	  Cite	  du	  Soleil	  
(total	  truck	  size)	  

L	  ≤	  20	  m	   W	  ≤	  3	  m	   H	  ≤	  4.2	  m	   Wt.	  ≤	  48	  T	  

Shipping	  quote	  (module	  size)	   L	  ≤	  12	  m	   W	  ≤	  3	  m	   H	  ≤	  3.5	  m	   Wt.	  ≤	  12	  T	  
 
The	  contents	  of	  each	  truck	  is	  planned	  to	  ensure	  safety	  of	  the	  elements	  during	  the	  transport	  
and	   minimize	   the	   number	   of	   trucks	   required.	   Further,	   the	   temporary	   stabilization	   and	  
protection	  of	  the	  modules	  during	  the	  transportation	  phase	  is	  considered.	  
Another	   important	   planning	   measure	   is	   the	   coordination	   the	   arrival	   of	   the	   trucks	   at	   the	  
appropriate	  time	  during	  the	  construction.	  Because	  the	  trucks	  will	  pass	  through	  the	  heavily-‐
trafficked	  metropolitan	  area	  of	  Paris,	  weekly	  traffic	  patterns	  in	  the	  area	  are	  investigated	  and	  
planned	  for.	  
	  
 
  

09.4.4 TRUCKS SPECIFICATIONS AND SHIPMENTS 
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Truck 1 

 

Type	   Arrival	  Date	   Order	  of	  
Entry	  

Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Load	  per	  axle	  
[kg]	  

Turn	  ratio	  
[m]	  

Lowbed	   Monday,	  	  
June	  17	   1	   19	  x	  3.6	  x	  4.0	   4300	   20	  

Contents	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Weight	  
[kg]	  

	   	   	  

Deck	  modules	  
(4)	   4.5	  x	  3.0	  x	  0.3	   1800	   	   	   	  

Module	  1	  (upper	  
East)	   7.6	  x	  3.0	  x	  3.5	   2250	   	   	   	  

Furniture	  (bed)	   -‐	   100	   	   	   	  

Other	  building	  
materials	   -‐	   500	   	   	   	  
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Truck 2 

 

Type	   Arrival	  Date	   Order	  of	  Entry	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Load	  per	  axle	  
[kg]	  

Turn	  ratio	  
[m]	  

Lowbed	   Tuesday,	  	  
June	  18	   1	   19	  x	  3.6	  x	  4.0	   4200	   20	  

Contents	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Weight	  [kg]	   	   	   	  

Module	  4	  (lower	  
East)	  

12.0	  x	  3.0	  x	  3.5	   3250	   	   	   	  

Furniture	  (couch,	  
dining	  chairs,	  
flexible	  space)	  

varies	   1000	   	   	   	  
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Truck 3 

 

Type	   Arrival	  Date	   Order	  of	  Entry	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Load	  per	  axle	  
[kg]	  

Turn	  ratio	  
[m]	  

Lowbed	   Tuesday,	  	  
June	  18	   2	   19	  x	  3.6	  x	  4.0	   4250	   20	  

Contents	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Weight	  [kg]	   	   	   	  

Module	  3	  (lower	  
West)	  

12.0	  x	  2.6	  x	  3.5	   3300	   	   	   	  

Appliances	   -‐	   250	   	   	   	  

Technical	  
installations	  

-‐	   1000	   	   	   	  
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Truck 4 

 

Type	   Arrival	  Date	   Order	  of	  Entry	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Load	  per	  axle	  
[kg]	  

Turn	  ratio	  
[m]	  

Lowbed	   Tuesday,	  	  
June	  18	   3	   19	  x	  3.6	  x	  4.0	   4100	   20	  

Contents	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Weight	  [kg]	   	   	   	  

Module	  2	  (upper	  
West)	  

7.6	  x	  2.6	  x	  3.5	   1950	   	   	   	  

Shared	  space	  
module	  

6	  x	  3	  x	  3.5	   1800	   	   	   	  

Washer,	  dryer	   -‐	   160	   	   	   	  
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Truck 5 

 

Type	   Arrival	  Date	   Order	  of	  Entry	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Load	  per	  axle	  
[kg]	  

Turn	  ratio	  
[m]	  

Lowbed	   Wednesday,	  	  
June	  19	   1	   19	  x	  3.6	  x	  4.0	   5300	   20	  

Contents	   Dimensions	  
[L	  x	  W	  x	  H,	  m]	  

Weight	  [kg]	   	   	   	  

Weather	  Shield	  
modules	  

5	  x	  1.8	  x	  0.3	   7200	   	   	   	  

Gable	  wall	  
modules	  

varies	   1500	   	   	   	  
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When	  the	  trucks	  arrive	  at	  La	  Cité	  du	  Soleil,	  they	  must	  follow	  these	  procedures:	  
 

1. Outside	  La	  Cité	  du	  Soleil	  there	  will	  be	  a	  waiting	  area	  at	  Allée	  des	  Matelots.	  	  
The	  truck	  (defined	  as	  a	  heavy	  vehicle	  in	  the	  Solar	  Decathlon	  Rules)	  will	  be	  called	  in,	  
one	  after	  the	  other,	  to	  guarantee	  the	  orderly	  entry	  into	  La	  Cité	  du	  Soleil,	  always	  
through	  established	  paths	  and	  following	  the	  organization’s	  schedule.	  
	  
Important	  note	  regarding	  the	  entrance	  order:	  The	  organization,	  in	  accordance	  with	  
the	  Site	  Operations	  Plan	  of	  La	  Cité	  du	  Soleil,	  will	  determine	  a	  strict	  entry	  order	  of	  the	  
teams’	  trucks	  to	  access	  La	  Cité	  du	  Soleil	  and	  proceed	  to	  unload.	  This	  order	  will	  be	  
done	  considering	  the	  trucks’	  order	  established	  in	  each	  Team	  Site	  Operations	  Plan.	  
The	  above	  mentioned	  entry	  of	  heavy	  vehicles	  will	  be	  realized	  only	  and	  exclusively	  in	  
the	  specific	  periods	  established	  in	  the	  Competition	  Calendar.	  Only	  light	  vehicles	  will	  
access	  La	  Cité	  du	  Soleil	  after	  this	  deadline,	  being	  continuously	  communicated	  and	  
coordinated	  with	  the	  organization.	  

 
2. Once	   the	   permission	   to	   enter	   La	   Cité	   du	   Soleil	   is	   obtained,	   a	   designated	   team	  

member	   will	   guide	   the	   truck	   from	   the	   entrance	   to	   the	   DTU	   lot.	  
When	  operating	  a	  heavy	  vehicle	  inside	  La	  Cité	  du	  Soleil,	  these	  precautions	  must	  be	  
followed:	  

a. The	  speed	  of	  the	  vehicle	  will	  adapt	  to	  the	  step	  of	  a	  man	  
b. One	   person	   must	   walk	   in	   front	   of	   the	   vehicle	   another	   person	   must	   walk	  

behind	  the	  vehicle	  -‐	  these	  two	  team	  members	  will	  have	  to:	  
i. Establish	  the	  maximum	  speed	  of	  the	  vehicle	  
ii. Direct	  the	  movements	  of	  the	  vehicle	  
iii. Avoid	   accidents	   with	   people,	   other	   vehicles	   and/or	   with	   the	  

different	  elements	  of	  La	  Cité	  du	  Soleil	  
 

3. Vehicles	  will	  have	  to	  respect	  internal	  circulations	  which	  will	  be	  laid	  out	  for	  vehicles.	  
Circulation	  of	  these	  vehicles	  will	  be	  generally	   limited	  to	  designed	  circulation	  paths.	  
However,	  under	  special	  circumstances	  approved	  by	  the	  Site	  Operations	  Coordinator,	  
trailers	   and	   semi-‐trailers	   may	   be	   driven	   on	   the	   Competition	   Site.	  
	  

4. Only	  one	  vehicle/transport	  per	  team	  will	  be	  permitted	  at	  a	  time	  in	  La	  Cité	  du	  Soleil.	  
The	  rest	  of	  the	  vehicles/transports	  will	  have	  to	  wait	  for	  the	  previous	  one	  to	  leave	  La	  
Cité	  du	  Soleil.	  This	  process	  will	  be	  coordinated	  between	  the	  persons	  in	  charge	  of	  the	  
Site	  Operations	  Plan	  of	  the	  Village	  and	  those	  in	  charge	  of	  Team	  DTU.	  

	  
 
 

 

09.5 LOGISTIC IN LA CITÉ DU SOLEIL 

09.5.1 PLANNING TRUCK MOVEMENTS 
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On	  the	  following	  figure,	  the	  waiting	  area,	  entrance,	  exit	  and	  the	  lots	  can	  be	  seen.	  The	  trucks	  
route	  is	  indicated	  with	  green	  and	  the	  waiting	  area	  is	  indicated	  with	  pink.	  
	  

 
Figure 10 - The truck movement inside La Cité du Soleil 

The	  general	  considerations	  of	  the	  Solar	  Decathlon	  lot	  as	  defined	  in	  Rule	  4	  “La	  Cité	  du	  Soleil”	  
provide	  a	  20.0	  m	  by	  20.0	  m	  lot	  area	  with	  a	  20.0	  m	  by	  10.0	  m	  assembly	  area.	   It	   is	  explicitly	  
stated	   that	   construction	   operations	   may	   not	   go	   beyond	   these	   limits	   under	   any	  
circumstances.	  It	  is	  expected	  that	  the	  crane	  may	  be	  relocated	  within	  the	  operations	  area	  as	  
required.	  

  

 
Detailed	  site	  layout	  provided	  by	  the	  SDE	  competition	  committee	  
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The	   soil	   in	   Versailles	   is	   quite	   soft,	   especially	   after	   a	   longer	   period	   with	   rain	   (Figure	   12),	  
therefore	  it	  is	  important	  to	  prepare	  the	  construction	  site	  with	  steel	  plates.	  According	  to	  the	  
research	  done	  by	  the	  Solar	  Decathlon	  Organization,	  the	  value	  for	  the	  load	  bearing	  pressure	  
is	   50	   kN/m².	   Concerning	   soil	   compaction,	   results	   show	   that	   one	   can	   expect	   4	   cm	  
deformation	  under	  a	  load	  of	  4	  tons/m²	  (40	  kN/m²)	  in	  case	  of	  heavy	  rain	  (which	  is	  most	  likely	  
to	  happen).	  
	  
Furthermore,	   it	   is	   possible	   that	   the	   ground	   level	  will	   be	   largely	   uneven.	   The	   team	   should	  
plan	   for	   adaptable	   footings	   systems	   (i.e:	   hydraulic	   jacks,	   sandboxes,	   adaptable	   scaffolding	  
screw-‐footings)	  in	  order	  to	  absorb	  differences	  between	  40	  and	  60	  cm62.	  
	  
In	   the	   beginning	   of	   2014	   -‐	   the	   Solar	   Decathlon	   Organization	   will	   start	   preparing	   the	   lots.	  
According	   to	  a	  private	  meeting	   in	  Versailles	   (November	  2013),	   the	   initial	   idea	  was	   to	   level	  
the	   lots,	   and	   add	   gravel	   to	   the	   visitor	   walkways.	   However,	   this	   idea	   has	   now	   been	  
abandoned,	  since	  it	  could	  result	  in	  20	  “bathtubs”	  between	  the	  walkways.	  Instead	  the	  entire	  
area	  will	  be	  gravelled	  and	  evened.	  The	  team	  will	  receive	  further	  information	  about	  the	  new	  
lot	  conditions	  in	  early	  spring	  2014.	  
 

	  
The	  lot	  in	  Versailles,	  November	  2013	  

 
The	  team	  will	   fence	   the	  south,	  east,	  and	  northern	  part	  of	   the	   lot	  during	   the	  assembly	  and	  
disassembly	  process.	  The	  western	  part	  of	  the	  lot	  will	  be	  unfenced	  as	  the	  operations	  area	  and	  
equipment	  access	  will	   be	   located	  here.	  Perimeter	  marking	   tape	  and/or	   cones	  will	   be	  used	  
instead	  to	  mark	  the	  limits	  of	  the	  working	  area.	  
	  
In	  the	  operations	  area	  (where	  the	  truck	  will	  be	  while	  unloading	  and	  loading)	  will	  be	  “paved”	  
with	  trackways	  as	  necessary.	  The	  soil	  underneath	  the	  crane	  should	  also	  be	  determined	  to	  be	  
stable.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
62	  This	  issue	  will	  be	  handled	  by	  the	  Structural	  and	  Geotechnical	  teams	  

09.5.2 INFRASTRUCTURES  
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Resting	  facilities	  will	  be	  established	  along	  with	  a	  safety	  station	  in	  the	  south-‐western	  corner	  
of	  the	  lot63.	  

 
 

 
As	  mentioned	  earlier	   in	   this	   report,	   there	  will	  be	  3	  construction	   teams/shifts	   (in	   the	  Gantt	  
chart	  named	  S1,	  S2	  and	  S3).	  Each	  team	  consist	  of	  10	  decathletes	  and	  one	  SOC.	  In	  addition	  to	  
these	  teams,	  there	  will	  be	  one	  special	  team	  responsible	  for	  testing	  the	  following:	  
	  

● HVAC	  
● PVs	  
● Water	  system	  
● Electrical	  System	  
● Control	  System	  

The	  special	  team	  consists	  of	  selected	  members	  of	  the	  3	  construction	  teams.	  
During	  the	  spring	  of	  2014	  decathletes	  will	  be	  divided	  into	  different	  teams	  (and	  sub	  teams):	  
	  

● Assembly	  
○ Shift	  1	  
○ Shift	  2	  
○ Shift	  3	  

	   	   See	  the	  Gantt	  chart	  (Appendix	  B	  -‐	  Gantt	  Chart	  Versailles,	  Assembly)	  
○ Special	  team	  

	   	   See	  the	  Gantt	  chart	  (Appendix	  B	  -‐	  Gantt	  Chart	  Versailles,	  Assembly)	  
	  

● Competition	  
○ Public	  tour	  team	  1	  
○ Public	  tour	  team	  2	  
○ Public	  tour	  team	  3	  

Will	  act	  as	  guides	  in	  the	  house	  -‐	  as	  described	  in	  the	  communication	  
report	  

○ Competition	  team	  
Will	  be	  responsible	  for	  the	  various	  competition	  tasks	  

○ Maintenance	  team	  
Will	  be	  responsible	  for	  any	  possible	  maintenance	  of	  the	  house	  

	  
	  
	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
63 This issue will be handled by the Health & Safety team 

09.5.3 CONSTRUCTION WORKING TEAMS 
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● Disassembly	  
○ Shift	  1	  
○ Shift	  2	  
○ Shift	  3	  

See	  the	  Gantt	  chart	  (Appendix	  C	  -‐	  Gantt	  Chart	  Versailles,	  
Disassembly)	  

○ Special	  team	  
See	  the	  Gantt	  chart	  (Appendix	  C	  -‐	  Gantt	  Chart	  Versailles,	  
Disassembly)	  

	  
During	   the	   assembly	   and	   disassembly,	   the	   teams	   might	   be	   assisted	   by	   a	   small	   crew	   of	  
professional	  carpenters	  and	  contractors.	  

 
 
 
 

On	  the	  construction	  site	  there	  will	  be	  4	  waste	  disposal	  points:	  
	  

1. Combustible	  waste	  
2. Non-‐combustible	  waste	  
3. Recycling	  container	  
4. Packing	  container	  (for	  saving	  all	  the	  packing	  of	  the	  different	  parts)	  

 
As	  a	  part	  of	  the	  daily	  routine	  on	  the	  construction	  site,	  container	  1,	  2	  and	  3	  will	  be	  emptied	  
into	  waste	  containers	  provided	  by	  the	  organisation.	  The	  content	  of	  container	  4	  -‐	  the	  packing	  
container	  -‐	  will	  be	  transferred	  to	  the	  designated	  storage	  area	  in	  the	  north-‐eastern	  part	  of	  La	  
Cité	  du	   Soleil.	  Only	   relevant	  packing	   should	  be	   saved	   for	   later	   -‐	   such	  as	  packing	   for	  home	  
electronics	  and	  smaller	  non-‐stationary	  components	  for	  the	  technical	  room	  (and	  the	  rest	  of	  
the	   house).	   Temporary	   constructions	   (used	   during	   the	   construction	   phases)	   will	   also	   be	  
stored	  here.	  
	  
It	  will	   be	   the	   responsibility	   of	   the	   SOC	   to	  maintain	   the	   construction	   site,	   lot	   and	   adjacent	  
areas,	  clean.	  As	  mentioned	  earlier	  in	  this	  report,	  the	  Solar	  Decathlon	  Organization	  may	  apply	  
point	  and/or	  time	  penalties	  (stopping	  the	  works).	  
	  

09.5.4 WASTE MANAGEMENT 
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Waste	  containers	  provided	  by	  the	  organisation	  are	  marked	  with	  green	  -‐	  the	  yellow	  circle	  indicates	  the	  

container	  closest	  to	  the	  DTU	  lot	  (the	  locations	  are	  subject	  to	  change)	  

 
 

 
 
 

It	   is	   important	   to	   have	   a	   strategy	   for	   unforeseen	   events	   -‐	   such	   as	   heavy	   rain	   or	   wind,	  
malfunctioning	  equipment	  and/or	  damaged	  construction	  elements.	  The	  cranes	  can	  only	  be	  
rented	  for	  shifts	  lasting	  at	  least	  8	  hours64;	  therefore	  it	  is	  vital	  that	  the	  team	  make	  good	  use	  
of	  every	  minute,	  and	  include	  buffer	  time,	  especially	  during	  the	  craning	  process.	  
	  
It	  is	  fairly	  easy	  to	  include	  a	  buffer	  day	  once	  in	  a	  while	  -‐	  the	  hard	  part	  is	  to	  schedule	  activities,	  
if	  the	  buffer	  day	  turns	  out	  to	  be	  unnecessary.	  Obviously	  the	  buffer	  day	  activity	  depends	  on	  
the	  phase	  of	  the	  construction	  process.	  In	  the	  early	  phases,	  when	  a	  crane	  is	  crucial	  -‐	  it	  can	  be	  
difficult	   to	  proceed	  the	  work	  on	  a	  buffer	  day,	  meanwhile	  one	  can	  easily	  continue	  with	  the	  
schedule	  of	  the	  next	  day,	  as	  soon	  as	  the	  craning	  work	  is	  done.	  
	  
Therefore	   it	   is	   recommended	  to	  avoid	  buffer	  days	  during	  the	  craning	  phases	   (first	  5	  days	   -‐	  
see	  Assembly/Disassembly	  chart	   in	  Appendix	  D	  -‐	  Assembly	  and	  Disassembly	  Plans).	   Instead	  
of	  buffer	  days,	  buffer	  time	  could	  be	  used,	  simply	  by	  dividing	  one	  buffer	  day	  into	  5	  segments,	  
and	  then	  add	  one	  of	  these	  segments	  to	  each	  of	  the	  craning	  days	  -‐	  resulting	  in	  an	  “additional”	  
working	  day	  within	  the	  5	  days.	  
	  
In	  order	  to	  avoid	  problems	  in	  case	  of	  any	  unforeseen	  events	  on	  the	  final	  day	  of	  craning	  -‐	  it	  is	  
important,	   that	   the	   team	   takes	   full	   advantage	   of	   the	   extra	   time	   each	   day	   (i.e.	   instead	   of	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
64 According to SDE Workshop #2 - November. 2013 

09.6 ASSEMBLY / DISASSEMBLY SCHEDULES 
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ordering	  the	  crane	  for	  8	  hours,	  it	  should	  be	  ordered	  for	  8*1.2=9.6	  hours).	  However,	  after	  the	  
craning	  period	  normal	  buffer	  days	  can	  be	  used	  -‐	  since	  there	  are	  5	  days	  left	  of	  the	  assembly	  
period	  at	  this	  time,	  it	  would	  make	  sense	  to	  make	  the	  final	  day	  a	  buffer	  day.	  
	  

Planned deadlines 
 
Establish	  wind-‐	  and	  water-‐tight	   Friday,	  June	  20	  
Electrical	  connection	  to	  La	  Cité	  du	  Soleil	  grid	   Sunday,	  June	  22	  

House	  delivery	   Tuesday,	  June	  24	  
A	   Gantt	   chart	   has	   been	   made	   in	   order	   to	   describe	   all	   the	   phases	   of	   the	   assembly	   and	  
disassembly	   process.	   For	   each	   phase,	   working	   teams’	   members,	   necessary	   timing	   and	  
necessary	   machinery	   are	   included.	   The	   Gantt	   charts	   can	   be	   found	   in	   Appendix	   B	   -‐	   Gantt	  
Chart	  Versailles,	  Assembly	  and	  Appendix	  C	  -‐	  Gantt	  Chart	  Versailles,	  Disassembly.	  
	  
The	  Assembly/Disassembly	   of	   the	   house	   has	   also	   been	   revised	   as	   the	   design	   has	   evolved.	  
Because	  the	  crane	  will	  be	  located	  at	  the	  west	  side	  of	  the	  lot	  in	  the	  competition,	  the	  current	  
idea	  is	  to	  (in	  general)	  erect	  the	  house	  from	  east	  to	  west,	  to	  avoid	   lifting	   large	  elements	  up	  
and	  over	  elements	  that	  are	  in	  place.	  
	  
The	  following	  provides	  a	  description	  of	  work	  to	  be	  performed	  in	  each	  assembly	  phase:	  
	   	  

 

09.6.1 ASSEMBLY / DISASSEMBLY PHASES DESCRIPTIONS 
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Phase 1: Site preparation 
	  

	  

1.1	  Equipment	  van	  arrives	  to	  site.	  
1.2	  Verify	  lot	  perimeter	  is	  clearly	  marked.	  
1.3	  Establish	  that	  no	  unintended	  obstacles	  are	  on	  the	  site.	  Notify	  SDE	  organization	  and	  
remove	  if	  necessary.	  
1.4	  Investigate	  soil	  conditions	  and	  grade	  of	  lot.	  Investigate	  weather	  conditions,	  and	  
determine	  if	  additional	  measures	  are	  required	  (e.g.	  steel	  plates	  for	  delivery	  trucks	  to	  drive	  
on).	  Perform	  additional	  measures	  as	  necessary.	  
1.5	  Erect	  perimeter	  fencing	  (rented	  from	  SDE)	  and	  combined	  Health	  &	  Safety	  station	  /	  
resting	  tent	  outside	  perimeter	  fencing.	  
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Phase 2: Foundations, deck modules, and flexible space 
 

 

2.1	  Truck	  1	  arrives	  and	  is	  unloaded	  (crane,	  forklift).	  TE	  Module	  1	  is	  unloaded	  and	  stored	  on	  
site	  until	  Phase	  03.	  
2.2	  Place	  footings	  according	  to	  foundation	  plan	  and	  adjust	  to	  ensure	  a	  level	  foundation	  
2.3	  Place	  deck	  modules	  (crane).	  Fasten	  module	  connections.	  
 

Phase 3: Thermal Envelope 
 

 

3.1	  Truck	  2	  arrives.	  Lift	  TE	  Module	  4	  onto	  foundation	  (crane).	  
3.2	  Lift	  TE	  Module	  1	  from	  temporary	  storage	  into	  place	  above	  TE	  Module	  4	  (crane).	  Fasten	  
connections.	  
3.3	  Truck	  3	  arrives.	  Lift	  TE	  Module	  3	  onto	  foundation	  (crane).	  Fasten	  connections	  to	  Module	  
4.	  
3.4	  Truck	  4	  arrives.	  Lift	  TE	  Module	  2	  into	  place	  above	  Module	  3	  (crane).	  Fasten	  connections	  
to	  Module	  3	  and	  Module	  1.	  
3.5	  Secure	  final	  connections	  between	  Thermal	  Envelope	  modules.	  
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Phase 4: Weather Shield 
 

 

4.1	  Truck	  5	  arrives.	  Unload	  Weather	  Shield	  modules	  (crane)	  and	  gable	  wall	  materials.	  
4.2	  Construct	  gable	  wall	  on	  ground	  adjacent	  to	  final	  position.	  
4.3	   Lift	   gable	  wall	   (crane)	   into	   position.	   Fasten	   to	   foundation,	   deck	  modules,	   and	   flexible	  
space.	  
4.4	  Construct	  shared	  space	  area.	  Prepare	  supports	  for	  Weather	  Shield	  modules.	  
4.5	  WS	  north	  facade	  (3	  modules).	  Lift	  modules	  into	  position	  (crane)	  and	  fasten	  to	  TE	  Module	  
4	  and	  gable	  wall.	  Order	  is	  from	  bottom	  to	  top.	  
4.6	  WS	   roof	   (5	  modules).	   Lift	  modules	   into	  position	   (crane)	  and	   fasten	   to	  TE	  modules	  and	  
gable	  wall.	  Order	  is	  from	  south	  to	  north.	  
4.7	  WS	  south	  facade	  (1	  module).	  Lift	  module	  into	  position	  (crane)	  and	  fasten	  to	  TE	  Module	  4	  
and	  gable	  wall.	  
4.8	  Install	  additional	  weatherproofing	  measures.	  Establish	  wind-‐and-‐water	  tight.	  
 

Phase 5: Installations 
5.1	  Temporary	   fencing	   is	   removed	  and	   replaced	  with	  perimeter	   tape.	  The	  Health	  &	  Safety	  
station	   /	   resting	   area	   and	   equipment	   van	   are	   moved	   off	   the	   lot	   to	   the	   10	   m	   x	   20	   m	  
operations	  area.	  
5.2	  Electrical	  connection	  to	  La	  Cité	  du	  Soleil	  grid	  
5.3	  Finalize	  installations	  and	  test	  systems	  
5.4	  Install	  terrace	  railing	  on	  top	  of	  flexible	  space	  
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Phase 6: Exterior terrace, stairs and ramps 
 

 
6.1	  Erect	  exterior	  terrace,	  stairs,	  and	  ramps	  for	  the	  exhibition	  
 

Phase 7: Preparation for Exhibition 
 

 
7.1	  Remove	  temporary	  structures	  from	  operations	  area	  
7.2	  Clean	  house	  
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Disassembly Phases 
In	  general,	  the	  house	  disassembly	  is	  in	  reverse	  order	  of	  assembly	  process,	  with	  the	  following	  
considerations:	  

● Phase	   7:	   Preparation	   for	   Exhibition	   in	   instead	   considered	   “Preparation	   for	  
disassembly”.	  The	  Health	  &	  Safety	  station	  /	  resting	  tent	  and	  lot	  perimeter	  fence	  are	  
re-‐installed	  

● Phase	  6:	  Will	  be	  included	  in	  phase	  5	  
● Phase	  5:	  Installations	  involves	  the	  removal	  of	  all	  relevant	  installations	  
● Phase	  1:	  Site	  Preparation	  is	  replaced	  by	  a	  Site	  Clean-‐up	  phase:	  the	  site	  is	  cleaned	  the	  

lot	  is	  restored	  to	  original	  conditions	  
 
The	  sequence	  of	  the	  Thermal	  Envelope	  assembly	  (Phase	  3)	  is	  described	  in	  detail	  as	  follows:	  
	  
In	  Phase	  2,	  TE	  Module	  1	  is	  stored	  temporarily	  on	  the	  site.	  This	  
can	  be	  in	  one	  of	  the	  stock	  areas	  or	  on	  top	  of	  the	  deck	  modules.	  
	  
	  
	  
	  
	  
	  
	  

	  

Phase	   3.1:	   TE	  Module	   4	   is	   lifted	   directly	   from	   truck	   into	   final	  
position.	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

Phase	   3.2:	   TE	  Module	   3	   is	   lifted	   directly	   from	   truck	   into	   final	  
position.	  
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Phase	  3.3:	  TE	  Module	  1	   is	   lifted	   from	  temporary	  position	   into	  
final	  position	  above	  TE	  Module	  4.	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

Phase	   3.4:	   TE	  Module	   2	   is	   lifted	   directly	   from	   truck	   into	   final	  
position	  above	  TE	  Module	  3.	  
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Below	  a	  list	  of	  required	  equipment	  for	  the	  assembly	  and	  disassembly	  phases.	  
	  

Crane	   	   	   Provided	  by	  SDE	  /	  Rented	  
Forklift	   	   	   Provided	  by	  SDE	  /	  Rented	  
Spotlights	   	   Provided	  by	  SDE	  /	  Rented	  
Boom	  lift	   	   Rented	  in	  Paris/Versailles	  

Vacuum	  Lift	  	   	   Rented	  in	  Paris/Versailles	  
Set	  of	  Fences	  	   	   Rented	  in	  Paris/Versailles	  
Scaffolding65	  	   	   Rented	  in	  Paris/Versailles	  
Lifting	  beam	  	   	   Transported	  from	  DK	  /	  Rented	  in	  Paris/Versailles	  
Manual	  Hoists	   	   Transported	  from	  DK	  /	  Rented	  in	  Paris/Versailles	  
Equipment	  van	   	   Rented	  in	  DK	  and	  then	  transported	  to	  Versailles	  
	  
SDE	  will	  provide	  a	  10	  ft	  container	  for	  storage,	  additional	  storage	  can	  be	  rented	  in	  Versailles.	  
	  
The	  Solar	  Decathlon	  Organization	  has	  not	  yet	  selected	  the	  mobile	  crane	  company.	  However,	  
they	   plan	   to	   provide	   a	   catalogue	   of	   construction	   equipment	   to	   rent	   (including	   mobile	  
cranes).	  
At	  this	  point66	  no	  price	  information	  is	  available.	  
	  
No	   generators	   should	   be	   needed	   during	   the	   construction	   phase,	   as	   electricity	   will	   be	  
provided	  by	  the	  Solar	  Decathlon	  Organization.	  
	  
During	   the	   assembly	   and	  disassembly	  process	   in	   Solar	  Decathlon	  2012	   -‐	   the	   team	   learned	  
that	   a	   mobile	   workshop	   (such	   as	   an	   equipment	   van)	   would	   have	   eased	   the	   workflow	  
significantly.	  Therefore	  it	  has	  been	  decided	  to	  rent	  an	  equipment	  van	  in	  Denmark	  and	  outfit	  
it	  as	  a	  mobile	  workstation	  for	  the	  team	  to	  use	  mainly	  during	  the	  assembly	  and	  disassembly	  
phases,	  but	  also	  during	  the	  competition	  to	  adjust	  or	  repair	  installations.	  

 
Figure 14 - Equipment van to be rented and equipped in Denmark 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
65	  Must	  be	  installed	  by	  a	  licensed	  professional	  -‐	  the	  use	  of	  scaffolding	  should	  be	  considered	  wisely	  
66	  January	  2014	  

 

09.7 EQUIPMENT LIST 
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The	   equipment	   van	   will	   include	   a	   workbench,	   tools,	   and	   site	   equipment	   that	   are	   not	  
transported	  on	  the	  trucks	  such	  as	  the	  Health	  &	  Safety	  station	  and	  resting	  tent.	  
	  

 
 
 
 

Gantt Charts 
A	   Gantt	   chart	   has	   been	   made	   in	   order	   to	   describe	   all	   the	   phases	   of	   the	   assembly	   and	  
disassembly	   process.	   For	   each	   phase,	   working	   teams’	   members,	   necessary	   timing	   and	  
necessary	  machinery	  are	  included.	  	  
	  
The	   Gantt	   Charts	   can	   be	   found	   in	   Appendix	   B	   -‐	   Gantt	   Chart	   Versailles,	   Assembly	   and	  
Appendix	  C	  -‐	  Gantt	  Chart	  Versailles,	  Disassembly.	  
	  

Assembly and Disassembly Charts 
An	   Assembly	   &	   Disassembly	   Chart	   template	   has	   been	   provided	   by	   the	   Solar	   Decathlon	  
organization.	   The	   chart	   shows	   the	   expected	   truck	   arrival	   times	   and	   crane	  operation	   times	  
(including	  the	  load	  capacity	  of	  the	  crane).	  
	  
The	  Assembly	  &	  Disassembly	  Chart	  can	  be	  found	  in	  Appendix	  D	  -‐	  Assembly	  and	  Disassembly	  
Plans.	  
	  

Site Operations Chart 
A	   Site	  Operations	   Chart	   template	   has	   been	   provided	   by	   the	   Solar	  Decathlon	   organization.	  
The	   chart	   sums	   up	   the	   information	   in	   the	   Gantt	   Chart	   and	   the	   Assembly	   &	   Disassembly	  
Chart.	  
	  
The	  Site	  Operations	  Chart	  can	  be	  found	  in	  Appendix	  E	  -‐	  Site	  Operation	  Chart.	  
	  

SO-001: Trucks shipment 
Trucks	  drawing	  including	  shipment	  view.	  
	  

SO-101: La Cité du Soleil 
Includes	  a	  brief	  description	  of	  La	  Cité	  du	  Soleil	  using	  the	  drawings	  that	  has	  been	  given	  to	  the	  
teams	  by	   the	   organization,	   technical	   and	   spatial	   constraints	   of	   the	  Village	   and	   the	  way	   to	  
solve	   them	   has	   been	   identified.	   Includes	   the	   truck	   route	   into	   La	   Cité	   du	   Soleil	   and	  waste	  
disposal	  areas	  that	  will	  be	  used	  by	  the	  team.	  
	  

09.8 APPENDICES 
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SO-102: Lot plan 
Include	   lot	   accesses,	   loading/unloading	   area	  with	   the	   truck	   footprint,	   the	   crane	   footprint,	  
Health	  &	  Safety	  and	  resting	  area,	  location	  of	  the	  equipment	  van	  and	  the	  stock	  areas.	  
	  

SO-201 to 203: Phases 
3D	  graphics	  illustrating	  the	  assembly	  and	  the	  disassembly	  phases.	  It	  shows	  the	  construction	  
evolution	  and	  for	  each	  phase,	  crane,	  trucks	  and	  stocks	  positions.	  
	  
The	  Site	  Operations	  Drawings	  can	  be	  found	  in	  DTU_PD#5_2014-‐04-‐30.pdf	  
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10. HEALT & 
SAFETY PLAN 
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The	   Health	   &	   Safety	   Plan	   aims	   to	   provide	   knowledge	   of	   the	   risk,	   an	   assessment	   of	   the	  
encountered	  problems	  and	  the	  adaptation	  measures	  to	  prevent	  the	  team	  from	  the	  risks.	  For	  
this	  reason,	  linking	  the	  Health	  &	  Safety	  Plan	  and	  the	  Site	  Operation	  Plan	  seems	  to	  be	  highly	  
relevant.	   Our	   whole	   analysis	   for	   the	   assembly	   and	   disassembly	   processes	   will	   be	   done	   in	  
order	  to	  warn	  and	  prevent	  anyone	  from	  being	  hurt.	  To	  do	  so,	  the	  Health	  &	  Safety	  Plan	  will	  
be	  fallen	  into	  different	  parts.	  First	  of	  all,	  a	  particular	  attention	  will	  be	  given	  to	  the	  working	  
phases	  and	  their	  critical	  risks	  (see	  Figure	  1).	  Then,	  an	  analysis	  will	  be	  carried	  out	  in	  order	  to	  
assess	   the	   different	   general	   risks	   (see	   Figure	   2)	   related	   to	   the	   climate,	   the	   site,	   the	  
circulation	  or	  the	  materials	  used;	  and	  their	  prevention	  measures.	  Furthermore,	  the	  different	  
working	  shifts	  will	  be	  defined	  so	  as	  to	  organize	  properly	  the	  working	  schedule	  of	  everyone	  
and	  a	   reflection	  will	  be	  made	  on	  how	   to	  manage	   the	  overlaps.	   Finally,	   a	   clear	  part	  will	  be	  
written	  so	  as	  to	  detail	  the	  safe	  working	  procedures	  regarding	  the	  work	  clothing,	  the	  access	  
to	  the	  site,	  the	  tools	  or	  the	  alcohol	  &	  drugs	  prevention	  measures	  so	  as	  to	  ensure	  the	  safety	  
for	  the	  DTU	  Team	  and	  all	  the	  present	  subcontractors.	  
	  
All	  team	  members	  and	  all	  subcontractors	  must	  follow	  this	  plan.	  A	  copy	  of	  this	  document	  will	  
be	   distributed	   to	   all	   team	   members	   and	   subcontractors	   and	   will	   be	   available	   on	   site	  
throughout	  the	  competition.	  
 
This	   HS	   Plan	   has	   been	   done	   by	   taking	   into	   account	   some	   guidelines	   from	   the	   “OHSE	  
SubbyPack”;	  released	  by	  the	  Australian	  government.	  	  

 
 

Presentation of the project 
This	  project	  consists	  in	  shipping,	  assembling,	  maintenance	  and	  disassembling	  the	  EMBRACE	  
modular	  house,	  which	  is	  a	  54m2	  ground	  floor	  area	  included	  in	  a	  weather	  shield,	  in	  La	  Cité	  du	  
Soleil®	  site	  for	  the	  Solar	  Decathlon	  Europe	  2014	  in	  Versailles.	  
	  
According	  to	  the	  Site	  Operation	  Plan,	  the	  construction	  process	  is	  divided	  in	  7	  phases:	  
	   -‐	  Phase	  1:	  Site	  preparation	  (marking	  out	  the	  strip	  foundations,	  checking	  the	  order	  of	  
modules	  and	  erecting	  fences)	  
	   -‐	  Phase	  2:	  Laying	  out	  the	  foundations,	  installations	  of	  deck	  modules	  and	  the	  flexible	  
space.	  
	   -‐	  Phase	  3:	  Lifting	  up	  the	  thermal	  envelope	  and	  fastening	  connections.	  

10. HEALTH AND SAFTEY PLAN 

10.1. HEALTH AND SAFETY PLAN PRECEDENTS AND AIM 

10.2. GENERAL DATA OF THE PROJECT 
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	   -‐	  Phase	  4:	  Building	  up	  the	  Weather	  shield.	  
	   -‐	   Phase	   5:	   Finalizing	   of	   the	   different	   installations;	   e.g.	   connection	   to	   the	  	  
grid.	  
	   -‐	  Phase	  6:	  Setting	  up	  the	  exterior	  deck;	  stairs	  and	  ramps.	  	  
	   -‐	  Phase	  7:	  Preparation	  for	  the	  exhibition.	  
	  
The	   maintenance	   will	   be	   an	   ongoing	   process	   throughout	   the	   competition.	   It	   will	   mainly	  
consist	  in	  cleaning	  up	  the	  working	  places	  and	  the	  different	  technical	  areas.	  

 Builder 
“Team	  DTU”	  represents	  the	  Technical	  University	  of	  Denmark.	  The	  Team	  DTU	  is	  essentially	  a	  
collaboration	   of	   students	   coming	   from	   various	   departments	   (architectural	   and	   civil	  
engineering,	   acoustics,	   sustainable	   energy,	   computer	   science,	   etc.),	   without	   any	   other	  
partnerships.	  
 

Key figures 
Assembly	  duration:	  7	  days	  
Disassembly	  duration:	  5	  days	  
Architectural	  footprint:	  120m2	  

Co-workers: 30 
 

Site operations coordinators: 
Ulrik	  Eggert	  Knuth-‐Winterfeldt	  /	  Tim	  Fuller	  
Tel:	  +45	  45251929	  -‐	  Email:	  uegkn@byg.dtu.dk	  
Tel:	  +45	  91940270	  -‐	  Email:	  tfuller.sd@gmail.com	  
	  

Emergency services 
Police:	  Call	  17	  
SAMU:	  Call	  15	  
Fireman:	  Call	  18	  from	  a	  landline	  –	  Call	  112	  from	  a	  mobile	  phone	  
 

Versailles Hospital 
177,	  rue	  de	  Versailles	  
78157	  LE	  CHESNAY	  
Tel.:	  +33	  (0)	  1	  39	  63	  91	  33	  
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The	  present	  Health	  &	  Safety	  Plan	  is	  achieved	  through:	  
	  

− Complying	  with	  the	  French	  Health	  &	  Safety	  standards	  and	  SDE	  rules;	  
− Setting	  up	  objectives	  and	  targets	  with	  the	  aim	  of	  eliminating	  work	  related	  incidents	  

in	  relation	  to	  the	  EMBRACE	  assembling,	  maintenance	  and	  disassembling	  phases;	  	  
− Defining	  roles	  and	  responsibilities	  for	  occupational	  health,	  safety	  and	  environment.	  

	  
The	  main	  strategies	  will	  be:	  
	  

− Ensuring	  occupational	  health,	  safety	  and	  environment	  management	  principles	  are	  
included	  in	  all	  organisational	  planning	  activities;	  

− Providing	  ongoing	  education	  and	  training	  to	  all	  the	  Team	  DTU	  members	  and	  
employees;	  

− Consulting	  with	  subcontractors	  and	  other	  parties	  to	  improve	  decision-‐making	  on	  
occupational	  health,	  safety	  and	  environment	  matters;	  

− Ensuring	  incidents	  are	  investigated	  and	  lessons	  are	  learnt	  within	  the	  organisation	  in	  
order	  to	  prevent	  accidents	  to	  occur	  or	  to	  decrease	  their	  probability;	  

− Distributing	  occupational	  health,	  safety	  and	  environment	  information,	  including	  this	  
policy,	  to	  all	  Team	  DTU	  members	  and	  interested	  parties;	  

− Providing	  collective	  and	  individual	  protections	  to	  ensure	  occupational	  health,	  safety	  
and	  environment	  is	  a	  central	  part	  of	  the	  present	  HS	  Plan;	  

− Ensuring	  effective	  injury	  management	  and	  rehabilitation	  is	  provided	  to	  all	  
employees.	  

− All	  Team	  DTU	  members	  or	  other	  involved	  parties	  have	  to	  comply	  with	  the	  HS	  Plan.	  
All	  people	  not	  complying	  with	  the	  present	  document	  won’t	  be	  authorized	  to	  enter	  
on	  the	  construction	  site.	  

	  
Based	  on	  those	  measures,	  the	  Team	  DTU	  will	  work	  in	  the	  best	  safety	  conditions	  throughout	  
the	  assembling,	  maintenance	  and	  disassembling	  process.	  
	  
 
  

10.3. HEALTH AND SAFETY PLAN OBJECTIVES 
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A). CONSTRUCTIVE PROCESS 
 
The	   Constructive	   process	   consists	   in	   the	   construction	   of	   the	   EMBRACE	   house	   that	  will	   be	  
exhibited	   in	  Versailles	  during	   the	  competition	  of	   the	  Solar	  Decathlon	  Europe	  2014	  edition.	  
The	  working	  process	  is	  fallen	  into	  the	  following	  steps:	  	  
 
Phase	   Process	   Explanations	  
1	   Site	  preparation	   Arrival	  of	  equipment	  van	  to	  site;	  verifying	  lot	  

parameters	  as	  being	  clearly	  marked,	  investigating	  
environmental	  conditions	  and	  erecting	  perimeter	  
fencing	  and	  stock	  area.	  	  

2	   Foundations,	  deck	  
modules,	  and	  flexible	  
space	  

It	  consists	  of	  laying	  the	  foundation,	  unloading	  of	  
Module	  1	  and	  storing	  on	  site	  till	  Phase	  3.	  

3	   Thermal	  envelope	   It	  consists	  of	  lifting	  the	  different	  Modules	  on	  site	  
and	  fastening	  the	  connections	  to	  each	  other.	  

4	   Weather	  Shield	   It	  consists	  of	  assembling	  the	  Weather	  Shield	  
modules	  and	  installing	  the	  gable.	  	  

5	   Installations	   It	  consists	  of	  defining	  the	  new	  construction	  site	  
area	  with	  perimeter	  tape,	  doing	  the	  electrical	  
connection	  to	  the	  grid	  and	  installing	  the	  terrace	  
railing.	  

6	   Exterior	  terrace	   It	  consists	  of	  erecting	  the	  exterior	  terrace.	  
7	   Preparation	  for	  

Exhibition	  
It	  consists	  of	  removing	  the	  temporary	  structures	  
and	  cleaning	  the	  house.	  

 
The	  assembly	  and	  disassembly	  phases	  will	  be	  an	  important	  source	  of	  risks.	  Therefore,	  a	  risk	  
analysis	   will	   be	   carried	   out	   and	   fallen	   into	   two	   parts;	   the	   general	   and	   the	   specific	   risks.	  
Indeed,	  the	  order	  on	  site,	  the	  rules,	  the	  restroom,	  the	  equipment	  and	  the	  working	  area	  have	  
to	   taken	   into	   consideration	   as	   a	   general	   risk	   while	  more	   specific	   risks	   will	   be	   assessed	   in	  
function	   of	   the	   ongoing	   task.	   Depending	   on	   the	   site,	   several	   elements	   have	   to	   taken	   into	  
account;	   e.g	   the	   circulations	   in-‐between	   modules	   are	   quite	   narrow,	   therefore	   the	   site	  
coordinator	   and	   all	   Team	   DTU	   members	   will	   have	   to	   be	   particularly	   careful	   during	   this	  
mounting	  phase.	  Safety	  areas	  will	  be	  assessed	  and	  defined	  in	  order	  to	  prevent	  anyone	  from	  
being	   below	   the	   crane	   when	   lifting	   up	   the	   elements.	   Furthermore,	   a	   workshop	   will	   be	  
organized	  by	  then	  so	  as	  to	  train	   inexperienced	  workers	  and	  to	  warn	  them	  of	  the	  risks	  that	  

10.4. CONDITIONS OF THE SITE WHERE CONSTRUCTION 
WILL TAKE PLACE, AND INTERESTING DATA RELATED TO 
THE PREVENTION OF RISKS DURING THE 
CONSTRUCTION PROCESS     
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could	   occur	   on	   site.	   As	   a	   matter-‐of-‐fact,	   risks	   may	   occur	   on	   a	   construction	   site.	   For	   this	  
reason,	  based	  on	  the	  Senmut	  Experto	  sheets,	  a	  risk	  assessment	  will	  be	  carried	  out.	  

B). TYPE AND CHARACTERISTICS OF THE MATERIALS AND ELEMENTS 
Different	  types	  of	  materials	  and	  elements	  will	  be	  handled	  on	  site.	  For	  this	  reason,	  it	  is	  fairly	  
important	  to	  assess	  the	  risks	  and	  preventions	  regarding	  them.	  	  
	  
Here	  is	  a	  table	  that	  sums-‐up	  the	  different	  materials	  and	  their	  uses:	  
	  
Materials	  &	  elements	   Risks	   Protections	  
Wood	   Colliding	  with	  wood	  panels.	  

Hurt	  by	  a	  splinter.	  
PPE	  
Follow	  the	  Senmut	  Experto	  
sheet	  

Glass	  panels	   Colliding	  with	  glass	  panels.	  
Cutting	  with	  sharp	  edges	  

PPE	  
Follow	  the	  Senmut	  Experto	  
sheet	  

Steel	   Cutting	  with	  sharp	  edges	  
Colliding	  with	  sharp	  elements	  

PPE	  
Follow	  the	  Senmut	  Experto	  
sheet	  

Electrical	  appliances	  	   Electric	  shock	   PPE	  	  
Follow	  the	  Senmut	  Experto	  
sheet	  

Machine	  tools	  
Cutting 
Electric shock 

PPE	  
Follow	  the	  Senmut	  Experto	  
sheet	  

Batteries	   Exposure	  to	  harmful	  substances	  
Contact	  with	  caustic	  or	  corrosive	  
substances	  	  

PPE	  
Follow	  the	  Senmut	  Experto	  
sheet	  
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C.) SITE DESCRIPTION 
 
Localization:	  	  
Cité	  du	  Soleil	  2014	  
Domaine	  du	  château	  de	  Versailles	  
Allée	  des	  Mortemets	  
78000	  VERSAILLES	  
France	  
	  
Place	  of	  the	  plot:	  	  
From	  the	  entrance:	  First	  row,	  2nd	  place	  on	  the	  right.	  
	  
	  
Lot	  size:	  	  

− Assembly	  phase:	  20x20+10x20=600	  m2	  	  
− Disassembly	  phase:	  20x20=400	  m2	  

	  
Slope:	  	  
1,22%	  from	  South	  to	  North	  
	  
Particular	  environment:	  
Trees,	  vegetation,	  houses.	  
	  
On	  the	  following	  figure,	  La	  Cité	  Du	  Soleil	  is	  displayed.	  
	  

 
 
The	  general	  considerations	  of	  the	  Solar	  Decathlon	  lot	  as	  defined	  in	  Rule	  4	  “La	  Cité	  du	  Soleil”	  
provide	  a	  20.0	  m	  by	  20.0	  m	  lot	  area	  with	  a	  20.0	  m	  by	  10.0	  m	  assembly	  area.	   It	   is	  explicitly	  
stated	   that	   construction	   operations	   may	   not	   go	   beyond	   these	   limits	   under	   any	  
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circumstances.	  It	  is	  expected	  that	  the	  crane	  may	  be	  relocated	  within	  the	  operations	  area	  as	  
required.	  

	  
Environment	   Risks	   Protections	  
Too	  many	  people	   Exposure	  to	  aggressiveness	  

Colliding	  with	  objects	  
	  
	  

PPE	  (including	  high	  visibility	  vests)	  
Safety	  area	  
Follow	  the	  Senmut	  Experto	  sheet	  

Too	  small	  working	  areas	   Fall	  of	  objects	  because	  of	  
manipulation	  
Run	  over	  or	  hit	  by	  vehicles	  

PPE	  (including	  high	  visibility	  vests)	  
Clearly	  defined	  working	  Follow	  the	  
Senmut	  Experto	  sheet	  

Narrow	  access	  for	  the	  
trucks	  

Colliding	  with	  objects	   Pedestrians	  guiding	  the	  trucks	  
Follow	  a	  marked	  route	  to	  the	  plot,	  
based	  on	  a	  time	  schedule	  

	  

D). CLIMATE DESCRIPTION 
	  
Climate:	  Warm	  and	  temperate	  climate	  
	  
Main	  climate	  values	  during	  the	  competition:	  
	  

− Temperature	  range	  in	  summer:	  June	  (12°C-‐22°C)	  and	  July	  (14°C-‐25°C)	  
	  

− Average	  rainfall:	  June	  (47mm)	  and	  July	  (56.9mm)	  
	  

− UV	  index:	  June	  (7-‐high)	  and	  July	  (7-‐high)	  
	  

− Hours	  of	  daylight:	  June	  (7	  hours)	  and	  July	  (8	  hours)	  
	  

− Insolation:	  June	  (5,09	  kWh/m2/day)	  and	  July	  (5,13	  kWh/m2/day)	  
	  

− Wind	  speed:	  June	  (6,78	  m.s-‐1)	  and	  July	  (6,88	  m.s-‐1)	  
	  
It	   is	  highly	   important	  to	  know	  the	  weather	  data	   in	  details	  throughout	  the	  competition.	  For	  
this	   reason,	  we	  will	   subscript	  meteorological	   conditions	  and	  storm	  alert	  bulletins	  and	  post	  
them	  in	  our	  office	  on	  site.	  The	  project	  manager	  will	  be	  asked	  to	  be	  aware	  of	  the	  wind	  speed	  
during	  the	  assembly	  and	  disassembly	  phase	  so	  as	  to	  avoid	  any	  problems	  with	  the	  crane	   in	  
use.	  
	  
Finally,	  a	  particular	  attention	  will	  be	  given	  to	  the	  “heat	  stroke”.	  All	  DTU	  Team	  members	  will	  
be	  abundantly	  provide	  with	  water	  and	  long-‐sleeve	  shirts	  and,	  if	  required,	  they	  will	  be	  asked	  
to	  stop	  working	  for	  a	  while.	  
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Climatic	  conditions	   Risks	   Protections	  
Wind	   Flying	  fragments	  or	  

particles	  
Colliding	  with	  objects	  in	  
motion	  

PPE	  (including	  safety	  glasses)	  
Follow	  the	  Senmut	  Experto	  sheet	  

Solar	  radiation	   Risk	  of	  heat	  stroke	  
	  
Exposure	  to	  solar	  radiation	  
Explosion/Fire	  

PPE	  (including	  long-‐sleeve	  shirts)	  
Store	  properly	  the	  batteries	  and	  other	  
expected	  harmful	  substances	  
Follow	  the	  Senmut	  Experto	  sheet	  

e). Accesses and paths for vehicles 
 

• Route	  from	  DTU	  (Kongens	  Lyngby)	  
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1. Kgs.	  Lyngby	  
2. Kolding	  
3. Flensburg	  
4. Hamburg	  
5. Münster	  
6. Liège	  
7. Valenciennes	  
8. Compiègne	  
9. Paris	  
10. Versailles	  
 
The	  total	  distance	  is	  approx.	  1400	  km.	  -‐	  the	  expected	  driving	  time	  is	  calculated	  to	  approx.	  30	  
hours	  (including	  the	  required	  rest	  time).	  
 

• Details	  of	  the	  route	  by	  arriving	  to	  the	  exhibition	  area	  
 

 
 
1. A12	  towards	  Saint-‐Quentin-‐en-‐Yvelines	  
2. Take	   deviation	   Évry	   /	   Lyon	   /	   Dreux	   /	   Saint-‐Quentin-‐en-‐Yvelines	   /	   Bois-‐	  	  
	  	  	  	  	  	  	  	  	  	  	  D'Arcy	  /	  Versailles-‐Satory	  
3. Turn	  left	  and	  take	  N12	  
4. Take	   deviation	   4	   and	   join	   with	   D91	   towards	   Versailles-‐Centre/Versailles-‐	  
	  	  	  	  	  	  	  	  	  	  	  Satory	  
5. Take	  deviation	  A86/Versailles-‐Centre/Versailles-‐Satory/Buc	  
6. At	  the	  roundabout	  take	  the	  fourth	  exit	  to	  towards	  A86/Buc/Versailles-‐Centre	  
7. Join	  with	  D91	  
8. Turn	  left	  and	  follow	  Rue	  de	  l'Orangerie/D10	  
9. Turn	  left	  and	  follow	  Allée	  des	  Matelots	  
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• Route	  inside	  La	  Cité	  du	  Soleil:	  	  

 
On	  the	  following	  figure,	  the	  waiting	  area,	  entrance,	  exit	  and	  the	  lots	  can	  be	  seen.	  The	  trucks	  
route	  is	  indicated	  with	  green	  and	  the	  waiting	  area	  is	  indicated	  with	  pink.	  
	  

 
 
The	  general	  considerations	  of	  the	  Solar	  Decathlon	  lot	  as	  defined	  in	  Rule	  4	  “La	  Cité	  du	  Soleil”	  
provide	  a	  20.0	  m	  by	  20.0	  m	  lot	  area	  with	  a	  20.0	  m	  by	  10.0	  m	  assembly	  area.	   It	   is	  explicitly	  
stated	   that	   construction	   operations	   may	   not	   go	   beyond	   these	   limits	   under	   any	  
circumstances.	  It	  is	  expected	  that	  the	  crane	  may	  be	  relocated	  within	  the	  operations	  area	  as	  
required.	  
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Here	  are	  different	  risk	  assessments	  based	  on	  the	  transportation	  phases,	  respectively	  for	  the	  
long	  journey	  and	  the	  truck’s	  motions	  inside	  the	  exhibition	  area:	  
 
Phase	   Risks	   Protections	  
Long	  journey	  –	  
From	  DTU	  to	  
Versailles	  

Accidents	  due	  to	  
tiredness/fatigue	  	  
“In	  itinere”	  

Respect	  of	  rest/sleeping	  hours	  
Monitoring	  between	  trucks	  

Accidents	  due	  to	  speeds	  or	  
inattention	  
“In	  itinere”	  

Monitoring	  of	  speed	  
Take	  a	  safety	  factor	  for	  the	  journey	  
duration	  

Inside	  La	  Cité	  du	  
Soleil	  

Run	  over	  or	  hit	  by	  vehicles	   Trucks	  guided	  by	  dedicated	  team	  
members	  
PPE	  
Follow	  the	  Senmut	  Experto	  sheet	  

 

 
On	  a	  broader	  scope,	  the	  best	  way	  to	  avoid	  any	  risks	  during	  the	  arrival	  phase	  is	  to	  follow	  the	  
specific	   periods	   established	  by	   the	  Competition	  Calendar.	   Please	   see	   the	  part	   9.5.1	  of	   the	  
Site	  Operation	  Plan	  for	  further	  information.	  
The	  emphasis	  will	  be	  put	  on	  the	  following	  elements:	  	  
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When	  operating	  a	  heavy	  vehicle	  inside	  La	  Cité	  du	  Soleil,	  these	  precautions	  must	  be	  followed:	  

o The	  speed	  of	  the	  vehicle	  will	  be	  adapted	  to	  the	  step	  of	  a	  man	  
o One	   person	   must	   walk	   in	   front	   of	   the	   vehicle	   another	   person	   must	   walk	  

behind	  the	  vehicle	  -‐	  these	  two	  team	  members	  will	  have	  to:	  
§ Establish	  the	  maximum	  speed	  of	  the	  vehicle	  
§ Direct	  the	  movements	  of	  the	  vehicle	  
§ Avoid	   accidents	   with	   people,	   other	   vehicles	   and/or	   with	   the	  

different	  elements	  of	  La	  Cité	  du	  Soleil	  
 

f). Determining factors for the house placing 
The	   house	   will	   be	   placed	   at	   the	   center	   of	   its	   dedicated	   plot	   and	   will	   have	   to	   fit	   in	   the	  
tetrahedron	  pattern,	  which	  is	  the	  solar	  envelope.	  It	  will	  be	  challenging	  to	  build	  our	  house	  in	  
this	  particular	  place.	  	  
The	  Team	  DTU	  will	  have	  to	  face	  the	  small	  place	  for	  building	  the	  house	  and	  the	  proximity	  of	  
other	  construction	  team	  plots.	  It	  raises	  health	  and	  safety	  issues	  regarding	  the	  movement	  of	  
cranes	  and	  trucks	  on	  our	  site	  but	  also	  to	  be	  aware	  of	  what	  is	  going	  on	  nearby.	  
	  
Furthermore,	  other	  factors	  might	  influence	  the	  house	  placing	  such	  as:	  	  
	  

• Load	  bearing	  pressure	  of	  the	  soil:	  50	  kN/m2	  (dry)	  and	  40	  kN/m2	  (heavy	  rain)	  
• Slope	  of	  the	  land:	  1,22%	  from	  South	  to	  North	  
• Land	  highly	  uneven	  
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g). Overlaps with the affected services and other circumstances or activities 
of the environment, able to cause risks during the construction 

 

As	   long	   as	   we	   will	   be	   maneuvering	   trucks,	   crane	   or	   any	   elements;	   we	   will	   have	   to	   pay	  
attention	   to	   our	   surroundings,	   which	  might	   objects,	   persons	   or	   vehicles.	   Just	   next	   to	   our	  
plot,	  there	  will	  be	  another	  plot.	  Therefore,	  we	  decided	  to	  place	  our	  crane	  at	  the	  north	  and	  
stock	  areas	  at	  each	  corner	  of	  our	  plot	  (see	  picture	  above).	  Since	  our	  workflow	  will	  be	  from	  
the	  bottom	  to	   the	   top	  of	   the	  picture	  above,	   it	  will	  enable	   to	  decrease	   the	   risk	  of	  overlaps	  
with	  the	  other	  team	  in	  the	  east.	  	  
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Here is a table displaying the main risks associated to the overlaps:  
 
Overlaps	   Risks	   Preventions	  
Interface	  with	  other	  
teams’	  work	  –	  on	  
site	  

Colliding	  with	  objects	  
Knocked	  by	  objects	  
Run	  over	  or	  hit	  by	  vehicles	  

Onsite	  decisions	  of	  HS	  coordinators	  &	  
team	  members	  
Respect	  the	  organization	  of	  SDE	  
organization	  
	  

Interface	  with	  other	  
team	  members	  
while	  crossing	  our	  
site	  (if	  any)	  

Colliding	  with	  objects	  
Knocked	  by	  objects	  
Run	  over	  or	  hit	  by	  vehicles	  

PPE	  for	  all	  team	  members	  
Common	  agreements	  between	  HS	  
coordinators	  of	  both	  parties	  

h). Planned activities 
	  
The	  following	  table	  perfectly	  sums	  all	  planned	  activities	  up.	  As	  mentioned	  here	  below,	  the	  
activities	  have	  been	  planned	  with	   repetitive	   tasks	   so	  as	   to	  decrease	   the	   risks	  activity	  after	  
activity	  while	   raising	   the	   awareness	   of	   all	   parties	   involved	   in	   the	  project.	   The	  disassembly	  
phase	  will	  be	  made	  in	  the	  exact	  opposite	  way	  as	  the	  assembly	  phase.	  
	  
Steps	   Activities	  

	   Site	  preparation	  
1	   Equipment	  van	  arrives	  to	  site	  

2	   Verify	  lot	  perimeter	  is	  clearly	  marked	  

3	   Establish	   that	   no	  unintended	  obstacles	   are	  on	   the	   site.	  Notify	   SDE	  organization	   and	  
remove	  if	  necessary.	  

4	   Investigate	   soil	   conditions	   and	   grade	   of	   lot.	   Investigate	   weather	   conditions,	   and	  
determine	   if	  additional	  measures	  are	   required;	  such	  as	   installing	  steel	  plates	   for	   the	  
foundations	   and	   for	   delivery	   trucks	   to	   drive	   on,	   draining	   the	   water	   or	   installing	   an	  
additional	  geomembrane	  to	  avoid	  any	  humidity.	  
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5	   Erect	   perimeter	   fencing	   (rented	   from	   SDE)	   and	   combined	  Health	  &	   Safety	   station	   /	  
resting	  tent	  outside	  perimeter	  fencing.	  

	   Foundations,	  deck	  modules,	  and	  flexible	  space	  

6	   Truck	  1	  arrives	  and	  is	  unloaded	  (crane,	  forklift).	  TE	  Module	  1	   is	  unloaded	  and	  stored	  
on	  site	  until	  Phase	  03.	  

7	   Place	  footings	  according	  to	  foundation	  plan	  and	  adjust	  to	  ensure	  a	  level	  foundation	  

8	   Place	  deck	  modules	  (crane).	  Fasten	  module	  connections.	  

	   Thermal	  envelope	  
9	   Truck	  2	  arrives.	  Lift	  TE	  Module	  4	  onto	  foundation	  (crane).	  

10	   Lift	   TE	   Module	   1	   from	   temporary	   storage	   into	   place	   above	   TE	   Module	   4	   (crane).	  
Fasten	  connections.	  

11	   Truck	   3	   arrives.	   Lift	   TE	   Module	   3	   onto	   foundation	   (crane).	   Fasten	   connections	   to	  
Module	  4.	  

12	   Truck	   4	   arrives.	   Lift	   TE	   Module	   2	   into	   place	   above	   Module	   3	   (crane).	   Fasten	  
connections	  to	  Module	  3	  and	  Module	  1.	  

13	   Secure	  final	  connections	  between	  Thermal	  Envelope	  modules.	  

	   Weather	  Shield	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Health	  &	  Safety	  Plan	   419	  

	  

14	   Truck	  5	  arrives.	  Unload	  Weather	  Shield	  modules	  (crane)	  and	  gable	  wall	  materials.	  

15	   Construct	  gable	  wall	  on	  ground	  adjacent	  to	  final	  position.	  

16	   Lift	  gable	  wall	  (crane)	  into	  position.	  Fasten	  to	  foundation,	  deck	  modules,	  and	  flexible	  
space.	  

17	   Construct	  shared	  space	  area.	  Prepare	  supports	  for	  Weather	  Shield	  modules.	  

18	   WS	   north	   facade	   (3	   modules).	   Lift	   modules	   into	   position	   (crane)	   and	   fasten	   to	   TE	  
Module	  4	  and	  gable	  wall.	  Order	  is	  from	  bottom	  to	  top.	  

19	   WS	  roof	  (5	  modules).	  Lift	  modules	  into	  position	  (crane)	  and	  fasten	  to	  TE	  modules	  and	  
gable	  wall.	  Order	  is	  from	  south	  to	  north.	  

20	   WS	   south	   facade	   (1	   module).	   Lift	   module	   into	   position	   (crane)	   and	   fasten	   to	   TE	  
Module	  4	  and	  gable	  wall.	  

21	   Install	  additional	  weatherproofing	  measures.	  Establish	  wind-‐and-‐water	  tight.	  

	   Installations	  
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22	   Temporary	  fencing	  is	  removed	  and	  replaced	  with	  perimeter	  tape.	  The	  Health	  &	  Safety	  
station	  /	   resting	  area	  and	  equipment	  van	  are	  moved	  off	   the	   lot	   to	   the	  10	  m	  x	  20	  m	  
operations	  area.	  

23	   Electrical	  connection	  to	  La	  Cité	  du	  Soleil	  grid	  

24	   Finalize	  installations	  and	  test	  systems	  

25	   Install	  terrace	  railing	  on	  top	  of	  flexible	  space	  

32	   Exterior	  terrace,	  stairs	  and	  ramps	  

26	   Erect	  exterior	  terrace,	  stairs,	  and	  ramps	  for	  the	  exhibition	  

	  	   Preparation	  for	  the	  Exhibition	  

27	   Remove	  temporary	  structures	  from	  operations	  area	  

28	   Clean	  house	  

 

i). Trades whose intervention is affected by the risks prevention 
The	  Health	  and	  Safety	  Plan	  must	  be	  followed	  by	  the	  following	  categories:	  

• The	  Team	  DTU	  members	  
• The	  subcontractors	  	  
• The	  transport	  company	  
• Visitors	  or	  guests	  
• Organizers	  
• All	  persons	  willing	  to	  come	  in	  our	  plot.	  

	  
Furthermore,	  all	  persons	  involved	  in	  our	  project	  are	  responsible	  for:	  

• Cleaning	  up	   their	  own	  workstation	   throughout	   their	  working	   time	   slots	   and	  at	   the	  
end	  of	  this	  one.	  

• Following	  the	  present	  HS	  Plan	  or	  will	  be	  kicked	  off	  from	  the	  site.	  
• Taking	  reasonable	  care	  that	  their	  conduct	  does	  not	  adversely	  affect	  others.	  	  
• Complying	  with	  instruction,	  according	  to	  their	  skills.	  
• Cooperating	  with	  reasonable	  notified	  policies	  or	  procedures.	  
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The	  Senmut	   Experto	   sheets	   present	   the	   different	   risks	   involved	   and	   their	   preventions	   for	  
each	  step	  of	   the	  process.	  Those	  sheets	  will	  be	  displayed	  on	  site	  and	  all	  workers	   (including	  
the	   subcontractors)	   will	   have	   to	   be	   aware	   of	   those.	   The	   HS	   Coordinator	   will	   ensure	   all	  
workers	  respect	  the	  safety	  measures;	  for	  example,	  by	  not	  allowing	  anyone	  to	  enter	  on	  site	  
without	  the	  PPEs.	  
	  

j). Auxiliary resources planned for the construction 
	  

Auxiliary	  
resources	  

Localization	   When?	   How?	   Phase	  

Mobile	  crane	  
	  
	  
	  
	  
	  

At	  the	  north	  of	  
the	  plot	  (see	  
SO-‐102)	  

Throughout	  the	  
construction	  with	  
specific	  time	  slots	  
for	  lifting	  activities	  

A	  qualified/licensed	  
worker	  will	  use	  this	  
vehicle	  while	  
complying	  with	  the	  HS	  
safety	  measures.	  

All	  the	  activities	  requiring	  
it:	  	  
-‐	  Unloading	  and	  loading	  
elements	  
-‐	  Storage	  of	  elements	  	  
-‐	  Construction	  process	  
(fastening	  of	  elements,	  
etc.)	  

Trucks	   At	  the	  north	  of	  
the	  plot	  (see	  
SO-‐102)	  

When	  unloading	  and	  
loading	  construction	  
elements	  on	  site	  

A	  licensed	  driver	  will	  
use	  this	  vehicle	  while	  
complying	  with	  the	  HS	  
safety	  measures.	  
 
The speed of the 
vehicle will be 
adapted to the step 
of a man and all 
procedures will be 
adopted so as to 
decrease the risk at 
its lowest. (See 
10.04 e) 

Assembly	  phase:	  2,	  3	  and	  
4	  
Disassembly	  phase:	  4,3	  
and	  2	  

Forklift	   From	  the	  stock	  
areas	  to	  the	  
construction	  
site	  

When	  
unloading/loading	  
elements	  from/to	  
vans	  or	  moving	  
elements	  pallets	  
from	  place	  to	  
another.	  

A	  qualified	  worker	  will	  
use	  this	  vehicle	  while	  
complying	  with	  the	  HS	  
safety	  measures.	  

All	  activities	  requiring	  the	  
use	  of	  this	  vehicle.	  It	  
won’t	  interact	  with	  the	  
construction	  process.	  

Boom	  Lift	   At	  the	  north	  of	  
the	  plot	  and	  
close	  to	  the	  
crane.	  This	  
latter	  won’t	  be	  

When	  fastening	  
connections	  from	  
one	  element	  
(module,	  beams,	  
etc.)	  to	  another.	  

A	  qualified	  worker	  will	  
use	  this	  vehicle	  while	  
complying	  with	  the	  HS	  
safety	  measures.	  

Assembly	  phase:	  2,3	  and	  
4.	  
Disassembly	  phase:	  4,	  3	  
and	  2.	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Health	  &	  Safety	  Plan	   422	  

	  

used	  when	  
using	  the	  lift.	  

Pallet	  truck	   From	  the	  stock	  
areas	  to	  the	  
construction	  
site	  

When	  moving	  
elements	  from	  one	  
place	  to	  another.	  

An	  experienced	  worker	  
will	  use	  this	  vehicle	  
while	  complying	  with	  
the	  HS	  safety	  
measures.	  

All	  activities	  requiring	  the	  
use	  of	  this	  vehicle.	  It	  
won’t	  interact	  with	  the	  
construction	  process.	  

Individual	  
platform	  

On	  site	  	   When	  painting,	  
doing	  maintenance	  
and	  other	  works	  in	  
height.	  

A	  worker	  will	  use	  this	  
element	  by	  being	  
previously	  aware	  of	  
the	  safety	  measures	  
for	  this	  particular	  
equipment	  

Assembly	  phase:	  4,	  5	  and	  
6.	  

Storage	  area	  
(van)	  

At	  the	  north-‐
west	  of	  the	  plot	  
(see	  drawing	  S0-‐
102)	  

When	  storing	  all	  
tools	  and	  other	  
appliances	  required	  
in	  order	  to	  build-‐up	  
the	  prototype.	  

This	  storage	  area	  will	  
be	  mobile,	  for	  it	  will	  be	  
installed	  in	  a	  van,	  and	  
will	  store	  tools.	  	  

Throughout	  the	  
construction	  process	  

Rest	  area	   At	  the	  south-‐
west	  of	  the	  plot	  
(see	  SO-‐102)	  

For	  each	  break	  and	  
each	  change	  of	  
working	  shifts.	  
For	  curing	  people	  in	  
case	  of	  injuries.	  
(slight	  cutting	  and	  
similar)	  

This	  area	  will	  be	  used	  
for	  eating,	  having	  a	  
break	  or	  reading	  plans.	  
This	  area	  will	  also	  be	  
used	  as	  a	  buffer	  zone	  
between	  each	  shift.	  

Throughout	  the	  
construction	  process	  

Lights	   Around	  the	  
construction	  
site	  

When	  light	  needed.	   Spotlight	   Throughout	  the	  
construction	  process	  

k). Machinery planned for the construction 

 
Materials	   Localization	   When?	   How?	   Phase	  
Hand	  tools	   Storage	  area	  (van)	   When	  

needed.	  
All	   workers	   in	   need	   of	   a	  
hand	  tool	  will	  go	  and	  ask	  the	  
responsible	   for	   the	  material	  
a	  tool.	  
The	  user	  will	   have	   to	  match	  
the	  producer’s	  user’s	  guide.	  	  

Throughout	   the	  
construction	  process	  
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The	  preventions	  regarding	  the	  moving	  machine	  parts	  might	  be	  developed	  the	  following	  way.	  
Indeed,	  5	  main	  generic	  safety	  barriers	  may	  be	  the	  source	  of	  risks:	  	  

• Physical	  barrier	  
• Control	  over	  danger	  zone	  
• User	  ability	  
• Machine’s	  integrity	  	  
• Safety	  system	  
• 	  

	  

L). CONSTRUCTION SITE INSTALLATIONS 
	  

Construction	  site/	  
Installations	  

Localization	   When?	   How?	   Phase	  

Electricity	  supply	   See	  HS	  drawing	   Throughout	  the	  
construction	  

Need	  to	  plug	  
different	  electronic	  
devices	  (tools	  
‘batteries,	  etc.)	  

Connection	  when	  
installing	  the	  
materials	  (Phase	  
1)	  

Potable	  water	  supply	   See	  HS	  drawing	   Throughout	  the	  
construction	  

When	  water	  is	  
required	  

Connection	  when	  
installing	  the	  
materials	  (Phase	  
1)	  

M). CHARACTERISTICS TABLE FOR THE STOCKS 
The	   stock	  will	   be	   detailed	   further	   on.	   For	   now,	   the	   only	   elements,	   planned	   to	   be	   on	   site	  
during	   the	  construction	  phase,	  are	  wooden	  elements	   required	   to	  build	  up	   the	   terrace	  and	  
steel	  joints	  to	  fasten	  connections.	  There	  won’t	  be	  any	  batteries	  or	  gasoline	  elements	  stored	  
on	  site,	  for	  evident	  reasons	  of	  safety	  
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.   
  	  
 
 

All	  persons	  involved	  in	  the	  project	  are	  consulted	  and	  given	  opportunity,	  encouragement	  and	  
training	   to	  be	  actively	   involved	   in	   the	  present	  HS	  Plan	  affecting	   the	  organisation	  and	   their	  
work	  activities.	  
	  
Consultation	  occurs	  in	  reference	  to,	  but	  not	  limited	  to,	  the	  following	  subjects	  /	  topics:	  
 

• Hazard	  identification	  and	  risk	  assessment	  processes;	  
• Control	  measures	  for	  the	  management	  of	  hazards	  and	  risks;	  
• Changes	  to	  the	  organisation's	  policies	  and	  procedures	  or	  work	  routines	  which	  may	  

affect	  the	  Health	  and	  Safety;	  
 

And	  besides,	  a	  workshop	  will	  be	  held	  on	   June	  4	   so	  as	   to	  build	  and	   raise	   the	  awareness	  of	  
future	  workers	  on	  the	  following	  subject:	  
 

• Inform	  people	  of	  the	  task	  they	  are	  assigned	  to.	  
• Provide	  workers	  with	  Health	  and	  Safety	  information	  and	  the	  risks	  associated	  to	  their	  

works.	  
• Provide	  training	  regarding	  the	  Collection	  and	  Individual	  Protections	  to	  use.	  
• Provide	  clear	  instructions	  so	  as	  to	  develop	  safe	  work	  procedures.	  

 

A). CONSTRUCTION PLAN: DETERMINATION OF WORK EFFECTIVE TIMING.  
	  
According	   to	   the	   French	   regulation	   and	   the	   SDE	   rules,	   the	   different	  working	   shifts	  will	   be	  
organized	  as	  follows:	  

• 1	  shift:	  8	  working	  hours,	  including	  1	  hour	  of	  lunch	  and	  a	  15	  minutes	  break.	  
	  
Our	  construction	  process	  will	  be	  organized	   through	  3	   shifts	   (see	   the	  appendix	  Gantt	  Chart	  
Versailles	  of	  the	  Site	  Operations	  Plan).	  

• ASSEMBLY	  
Here	  below	  are	  displayed	  the	  different	  information	  regarding	  the	  shifts:	  
	   	  

10.5. ACTIVITIES FOR RISKS PREVENTION 
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SHIFT 1 
   Employee Name Work Card No. Telephone 

Tim FULLER 
Site 
coordinator     

Nils RAGE HS coordinator     

Kleanthis CHASAPIS Worker     
Marcos GARCIA LOPEZ Worker     
Luca GENNARI Worker     
Ioannis IPLIKTSIADIS Worker     
Laurynas MARCINKUS Worker     

Pablo MARTÍNEZ SÁNCHEZ Worker     

Christian Nygaard SØRENSEN Worker     

Athanasios ZAROGIANNIS Worker     

 
SHIFT 2 

   Employee Name Work Card No. Telephone 
Nicolas Jean Maurice Louis 
Aristide GRANJON 

Site 
coordinator     

Kenneth SØRENSEN HS coordinator     
Lærke ANDERSEN Worker     
Asen CHOLAKOV Worker     
Christina ERIKSHØJ Worker     
Ronnie HAAGENSEN Worker     
Mathilde LANDGREN Worker     
Nanna Brøgger LARSEN Worker     
 Jonathan MADSEN Worker     
Nikolaj Laurentzius Arnskov 
NIELSEN Worker     

Timea MARTON Worker     
 
SHIFT 3 

   Employee Name Work Card No. Telephone 

Michael Hykkelbjerg NIELSEN Site 
coordinator 

    

Thibault Quentin PÉAN HS coordinator     

Daniel Kolling ANDERSEN Worker     
Jesper Hyllekilde ANDERSEN Worker     
Flemming Vedel ERIKSEN Worker     
Andreas Rask JENSEN Worker     
Simon Bjarne JØRGENSEN Worker     

Mikkel Kirkeskov KNUDSEN Worker     

Beatriz REVILLA CASARES Worker     
Georgios STATHOPOULOS Worker     
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Furthermore,	  the	  working	  shifts	  will	  work	  during	  the	  following	  time	  slots:	  

SHIFT 1 
         Hour/Day Mon Tue Wed Thu Fri Sat Sun Mon Tue 

 16-Jun 17-Jun 18-Jun 19-Jun 20-Jun 21-Jun 22-Jun 23-Jun 24-Jun 
00:00                   
01:00                   
02:00                   
03:00                   
04:00                   
05:00                   
06:00       X     X   X 
07:00       X     X   X 
08:00 X     X     X   X 
09:00 X     X     X   X 
10:00 X     X     X   X 
11:00 X     X     X   X 
12:00 X     X     X   X 
13:00 X     X     X   X 
14:00 X     X           
15:00 X X               
16:00 X X               
17:00   X               
18:00   X               
19:00   X               
20:00   X               
21:00   X               
22:00   X               
23:00   X               
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SHIFT 2 
         Hour/Day Mon Tue Wed Thu Fri Sat Sun Mon Tue 

 16-Jun 17-Jun 18-Jun 19-Jun 20-Jun 21-Jun 22-Jun 23-Jun 24-Jun 
00:00                   
01:00                   
02:00                   
03:00                   
04:00                   
05:00                   
06:00     X       X   X 
07:00     X       X   X 
08:00     X       X   X 
09:00     X       X   X 
10:00     X       X   X 
11:00     X       X   X 
12:00     X           X 
13:00     X           X 
14:00                   
15:00       X           
16:00       X           
17:00 X     X           
18:00 X     X           
19:00 X     X           
20:00 X     X           
21:00 X     X           
22:00 X     X           
23:00 X     X           
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SHIFT	  3	  
	   	   	   	   	   	   	  Hour/Day	   Mon	   Tue	   Wed	   Thu	   Fri	   Sat	   Sun	  

	  
16-‐Jun	   17-‐Jun	   18-‐Jun	   19-‐Jun	   20-‐Jun	   21-‐Jun	   22-‐Jun	  

00:00	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
01:00	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
02:00	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
03:00	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
04:00	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
05:00	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
06:00	   	  	   X	   	  	   	  	   X	   X	   X	  
07:00	   	  	   X	   	  	   	  	   X	   X	   X	  
08:00	   	  	   X	   	  	   	  	   X	   X	   X	  
09:00	   	  	   X	   	  	   	  	   X	   X	   X	  
10:00	   	  	   X	   	  	   	  	   X	   X	   X	  
11:00	   	  	   X	   	  	   	  	   X	   X	   X	  
12:00	   	  	   X	   	  	   	  	   X	   X	   X	  
13:00	   	  	   X	   	  	   	  	   X	   X	   X	  
14:00	   	  	   	  	   	  	   	  	   	  	   	  	   X	  
15:00	   	  	   	  	   	  	   	  	   	  	   	  	   X	  
16:00	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
17:00	   	  	   	  	   X	   	  	   	  	   	  	   	  	  
18:00	   	  	   	  	   X	   	  	   	  	   	  	   	  	  
19:00	   	  	   	  	   X	   	  	   	  	   	  	   	  	  
20:00	   	  	   	  	   X	   	  	   	  	   	  	   	  	  
21:00	   	  	   	  	   X	   	  	   	  	   	  	   	  	  
22:00	   	  	   	  	   X	   	  	   	  	   	  	   	  	  
23:00	   	  	   	  	   X	   	  	   	  	   	  	   	  	  

Throughout	  the	  construction	  phase,	  our	  main	  goal	  is	  to	  respect	  the	  resting	  time	  of	  all	  team	  
members	   in	   order	   to	   avoid	   any	   risks	   of	   accidents	   due	   to	   tiredness.	   For	   this	   reason,	   the	  
following	   legal	   work	   period	   was	   taken	   into	   account	   for	   organizing	   the	   workloads,	   even	  
though	   the	   team	   members	   will	   work	   a	   bit	   less	   than	   the	   following	   time	   slots.	  
	  

FRENCH LEGAL WORK PERIOD 
DAILY (from 00:00 to 24:00)     
Day work1 10 hrs 

 
  MAX 

Night work2 8 hrs 
 

  MAX 
Rest3 11 consecutive hrs   MIN 
WEEKLY (from Mon 00:00 to Sun 24:00)   
Day work 48 hrs 

 
  MAX 

Night work 40 hrs 
 

  MAX 
Rest 24 consecutive hrs   MIN 
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1 Time to take the meal is not a work time 
2 Night work timetable: 21:00 - 06:00 

   3 At least 20 min of rest is required every 6 consecutive hours of work 

DISASSEMBLY 
	  
As	  detailed	  for	  the	  assembly	  phase,	  the	  workload	  will	  be	  organized	   in	  several	  shifts,	  which	  
are:	  
SHIFT 1 

   Employee Name Work Card No. Telephone 

Ioannis IPLIKTSIADIS 
Site 
coordinator 

    

Mikkel Kirkeskov KNUDSEN HS coordinator     

Birthe WOHLENBERG Worker     
Michel Bøje Randahl 
NIELSEN 

Worker     

Ronnie Piil HAAGENSEN Worker     
Rune ANDERSEN Worker     
 
 
SHIFT 2 

   Employee Name Work Card No. Telephone 

Daniel Kolling ANDERSEN Site 
coordinator   

Simon Bjarne JØRGENSEN HS coordinator   
Niklas FREDERIKSEN Worker   
Reinier Edward KOK Worker   
Jin Ri LI Worker 

  
Kenneth SØRENSEN Worker 

  
Dalma UJVARI Worker   
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SHIFT 1 

Hour/Day Mon Tue Wed Thu Fri Sat Sun 

 14-Jul 15-Jul 16-Jul 17-Jul 18-Jul 19-Jul 20-Jul 
00:00               
01:00               
02:00               
03:00               
04:00               
05:00               
06:00   X X X X X   
07:00   X X X X X   
08:00   X X X X X   
09:00   X X X X X   
10:00 X X X X X X   
11:00 X X X X X X   
12:00 X X X X X X   
13:00 X X X X X X   
14:00 X             
15:00 X             
16:00               
17:00               
18:00               
19:00               
20:00               
21:00               
22:00               
23:00               
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SHIFT 2 
       Hour/Day Mon Tue Wed Thu Fri Sat Sun 

 14-Jul 15-Jul 16-Jul 17-Jul 18-Jul 19-Jul 20-Jul 
00:00               
01:00               
02:00               
03:00               
04:00               
05:00               
06:00               
07:00               
08:00               
09:00               
10:00               
11:00               
12:00               
13:00               
14:00   X X X X X   
15:00   X X X X X   
16:00 X X X X X X   
17:00 X X X X X X   
18:00 X X X X X X   
19:00 X X X X X X   
20:00 X X X X X X   
21:00 X X X X X X   
22:00               
23:00               

	  
FRENCH LEGAL WORK PERIOD 

DAILY (from 00:00 to 24:00)     
Day work1 10 hrs 

 
  MAX 

Night work2 8 hrs 
 

  MAX 
Rest3 11 consecutive hrs   MIN 
WEEKLY (from Mon 00:00 to Sun 24:00)   
Day work 48 hrs 

 
  MAX 

Night work 40 hrs 
 

  MAX 
Rest 24 consecutive hrs   MIN 
1 Time to take the meal is not a work time 

   2 Night work timetable: 21:00 - 06:00 
   3 At least 20 min of rest is required every 6 consecutive hours of 

work    
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b). Overlaps and incompatibilities in the construction 
The	  planning	   has	   been	   established	   in	   order	   to	   avoid	   any	  overlaps	   such	   as	  work	   on	   top	  of	  
each	  other,	  mix	  of	  workstations	  and	  so	  forth.	  

c). Number of Team members taking part in the construction 
See	  the	  10.05	  a)	  

d). Contracting planned 
Our	   Team	   DTU	   will	   get	   help	   from	   skilled	   carpenters.	   ADSERBALLE	   &	   KNUDSEN,	   a	   Danish	  
carpentry	  company	  will	  be	  helping	  us	  by	  providing	  us	  the	  two	  following	  carpenters:	  

Company	   Worker	   Date	  of	  birth	   Passport	   Nationality	  
Adserballe	   &	  
Knudsen	  

Steffen	  KRAGELUND	   17.05.76	   203341506	   Danish	  

Adserballe	   &	  
Knudsen	  

Jens	  BREMER	   09.11.78	   202405527	   Danish	  

 

Our	  main	  goal	  is	  to	  run	  an	  industrial	  way	  of	  building	  up	  the	  prototype.	  Indeed,	  several	  tasks	  
occur	   several	   times,	   therefore	   it	   might	   the	   risk	   lower,	   the	   constructability	   easier	   and	   the	  
communication	  more	  efficient	  to	  have	  a	  few	  similar	  steps	  instead	  of	  a	  lot	  of	  singular	  tasks.	  
All	  Team	  DTU	  members	  and	  other	  parties	  involved	  will	  be	  more	  aware	  of	  the	  critical	  tasks	  by	  
doing	   this.	   Thus,	  here	  below-‐presented	   is	   the	   sheet	  of	   the	  assembly	  phase,	  describing	   the	  
different	   steps	   occurring	   several	   times	   for	   each	   phase.	   Please	   see	   attached	   the	   different	  
filled	  in	  Senmut	  Experto	  sheets	  in	  Annex	  1.	  Moreover,	  the	  disassembly	  phase	  will	  be	  carried	  
out	  in	  the	  exact	  opposite	  way	  as	  the	  assembly	  phase.	  	  
	  

N° Submitted to risks Senmut Experto  
    Color Task 
1 Site preparation     

  Erect perimeter fencing   
Erecting/Removing 
fences around the 
site 

2 Foundations, deck modules, and flexible space     
  Arriving truck 1     

  Guiding truck to lot   
Guiding truck 
to/away from lot 

  Lifting and storing module 1 from truck 1   Lifting up/down 
modules 

  Guiding truck away from lot   Guiding truck 
to/away from lot 

  Placing footings according to foundation plan  
  

Placing and leveling 
the foundations 
footings 

  Adjusting to ensure a level Placing and leveling 

10.6. CRITICAL WORK PHASES FOR RISKS PREVENTION 
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the foundations 
footings 

  Placing deck modules thanks to crane.    
Lifting up/down 
modules 

  Fastening module connections   Fastening 
connections 

  Erecting flexible space on top of deck modules   
Lifting up/down 
modules Fastening 
connections 

3 Thermal envelope     
  Arriving truck 2     

  Guiding truck to lot   Guiding truck 
to/away from lot 

  Lifting TE module 4 onto foundation   
Lifting up/down 
modules 

  Guiding truck away from lot   
Guiding truck 
to/away from lot 

  Lifting TE Module 1 from storage place into place   Lifting up/down 
modules 

  Fastening connections - Module 4   Fastening 
connections 

  Arriving truck 3     

  Guiding truck to lot   
Guiding truck 
to/away from lot 

  Lifting TE module 3 onto foundation   
Lifting up/down 
modules 

  Guiding truck away from lot   
Guiding truck 
to/away from lot 

  Arriving truck 4     
  Traffic jam buffer     Waiting area 

  Guiding truck to lot   Guiding truck 
to/away from lot 

  Lifting TE module 2 above module 3   Lifting up/down 
modules 

  Guiding truck away from lot   
Guiding truck 
to/away from lot 

  Fastening connections between Module 3 and Module 1   
Fastening 
connections 

4 Weather Shield     
  Arriving truck 5     
  Traffic jam buffer    Waiting area 
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  Guide truck to lot   Guiding truck 
to/away from lot 

  Unloading WS modules and gable walls mat   
Lifting up/down 
modules 

  Guiding truck away from lot   
Guiding truck 
to/away from lot 

  Constructing gable wall on ground adjacent to final position   Carpentry work 

  Lifting gable wall into position   
Lifting up/down 
modules 

  Fastening to foundation, deck modules & flex. space     

  Preparing supports for WS modules   Carpentry work 

  WS north façade modules     

  Lifting modules into position   Lifting up/down 
modules 

  Fastening to TE module 4 and gable wall   Fastening 
connections 

  WS roof modules     

  Lifting modules into position   
Lifting up/down 
modules 

  Fastening to TE modules and gable wall   
Fastening 
connections 

  WS south façade module     

  Lifting modules into position   
Lifting up/down 
modules 

  Fastening to TE module 4 and gable wall   Fastening 
connections 

  Installing additional weatherproofing measures   Fastening 
connections 

5 Installations     

  Installing and connecting appliances   
Installing and 
connecting 
appliances 

  Installing terrace railing    Carpentry work 
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6 Exterior terrace, stairs and ramps     

  Erecting exterior terrace, stairs and ramps for the exhibition   Carpentry work 

7 Preparation for the Exhibition     

  Remove temporary structures   
Erecting/Removing 
fences around the 
site 

Furthermore,	   an	   perfect	   overview	   is	   highly	   required	   from	   the	   Site	   Operations	   and	   HS	  
Coordinators,	   therefore	   an	  more	   assessment	   has	   been	   carried	   out	   so	   as	   to	   gain	   a	   higher	  
efficiency	  for	  the	  Health	  &	  Safety	  protection	  of	  everyone.	  Here	  below,	  the	  table	  takes	   into	  
account	  the	  calendar	  in	  order	  to	  stick	  to	  the	  on	  site	  reality.	  
 

Phase Name 
Duration 

Risks involved 
Start End 

1 Site preparation 16-Jun 16-Jun 

Overexertion                                                                                
Fall of persons at the same level                                                      
Fall of objects because of manipulation                                              
Colliding with still objects                                                             
Colliding with objects in motion                                                         
Accidents caused by living beings                                               
Stepping on objects                                                                                   
Non traumatic pathologies                                                                        
Exposure to radiation                                                                      

2 
Foundations, deck 
modules, and 
flexible space 

16-Jun 17-Jun 

Colliding with objects in motion                            
Run over or hit by vehicles                                    
Accidents caused by living beings                
Trapped by or between objects   
Fall of persons at the same level   
Explosion  
Trapped by turned over machines, 
tractors or vehicles                                                                                                     
Colliding with still objects                                                                 
Fall of objects because of manipulation                                        
Fall of object because they come loose                                                                            
Fall of persons at a different level                                         
Fall of object because they come loose                                   
Knocked by object or tools                                                                                                                                                   
Stepping on objects                                                           
Overexertion      
Fall of objects because of collapse                                                                                                                           
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3 Thermal envelope 17-Jun 17-Jun 

Colliding with objects in motion                         
Run over or hit by vehicles                                  
Accidents caused by living beings               
Trapped by or between objects   
Fall of persons at the same level   
Explosion 
Trapped by turned over machines, 
tractors or vehicles                                                                                                    
Colliding with still objects                                                                 
Fall of objects because of manipulation                                       
Fall of object because they come loose                                                                       
Fall of persons at a different level                                       
Fall of object because they come loose                                 
Knocked by object or tools                                                                                                                                                
Stepping on objects                                                          
Overexertion     
Fall of objects because of collapse                                                                                                                           

4 Weather Shield 18-Jun 20-Jun 

Overexertion                                                                              
Fall of persons at the same level                                                     
Fall of objects because of manipulation  
Fall of persons at a different level 
Fall of objects because of collapse                                                                          
Fall of object because they come loose      
Colliding with still objects                                                           
Colliding with objects in motion                                                        
Accidents caused by living beings                                            
Stepping on objects                                                                               
Knocked by object or tools  
Non traumatic pathologies                                                                     
Exposure to radiation                                                                                                                                        
Explosion 
Trapped by or between objects   

5 Installations 22-Jun 24-Jun 

Overexertion                                                                              
Fall of persons at the same level                                                    
Fall of objects because of manipulation                                             
Fall of objects because of collapse                                                   
Colliding with still objects                                                         
Colliding with objects in motion                                                           
Accidents caused by living beings                                            
Stepping on objects                                                                                                         
Knocked by object or tools  
Non traumatic pathologies                                                                       
Exposure to radiation                                                                             
Overexertion                                                                              
Exposure to extreme environmental  
Thermal contact                                                                                         
Fire                                                                                                                                                                                                                                                                                                     
Exposure to electric connections                                                         



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Health	  &	  Safety	  Plan	   437	  

	  

6 Exterior terrace, 
stairs and ramps 

22-Jun 23-Jun 

Overexertion                                                                                
Fall of persons at the same level                                                     
Fall of objects because of manipulation                                           
Fall of objects because of collapse                                                   
Colliding with still objects                                                          
Colliding with objects in motion                                                          
Accidents caused by living beings                                             
Stepping on objects                                                                                                 
Knocked by object or tools 
Non traumatic pathologies                                                                   
Exposure to radiation                                                                           
   

7 Preparation for the 
Exhibition 

24-Jun 25-Jun 

Overexertion                                                                                
Fall of persons at the same level                                                      
Fall of objects because of manipulation                                             
Colliding with still objects                                                          
Colliding with objects in motion                                                          
Accidents caused by living beings                                             
Stepping on objects                                                                                
Non traumatic pathologies                                                                      
Exposure to radiation                                                                            
   

 
Therefore,	  based	  on	  the	  risks	   involved,	   it	   is	  easier	  to	  display	  a	  proper	  hand	  out	   in	  order	  to	  
make	  the	  risk	  preventions	  easier	  before	  and	  while	  building.	  
 

Risks Focus 

Fall of persons at a different level 

The equipment’s strength 
Railings, etc. 

The equipment’s placement and basis 
User stability 

Falls in the same level  

The surface’s condition and maintenance 
The surface’s slipperiness and cleaning 

The presence of obstacles 
User stability 

Struck by objects, which can fall down:                                              
1.Crane or lift 
2. Other mechanical lifting situations  
3. Means of transport of conveyor belt  
4. Manual lifting 
5. Storage of objects at heights 

The equipment’s placement and basis 
Lifting method and storage method 

Influence from external forces 
Delimitation of the danger zone 
The user’s abilities and behavior 

Colliding with object in motion 

 Equipment’s condition and functionality 
Object’s position and movement 
Working method and execution 
Delimitation of the danger zone 

Overview and visibility 
Technical safety equipment 

The user’s abilities and behavior 
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Fall of objects because of collapse 

 Material’s inner stability 
Material’s outer protective capacity 

Base’s stability and capacity 
Storage equipment’s stability and function 

User’s abilities and behavior 

Accidents caused by living beings / 
Transportation 

People’s position 
Vehicles speed and stability                              

Driver’s driving ability 
Vehicle’s condition 

Loading of the vehicle 

Exposure to electric connections 

Protection against live parts/electric arcs/ 
nearness to non-insulated active parts                              
Protection against electricity in earth 

Safeguarding against access 
Procedure if affected by electricity 

Thermal contact 

 Access protection 
Personal protective devices and other 

protection                                                         
Temperature control 

Equipment’s state and insulation 
Object’s placement 

Placement of parts of the body 

Overexertion 

Working position 
Strength 

Control over the body                                     
Technical aids 

Fire 

Use of work/spark permit 
Explosion protection 

Personal protective devices and clothing                                         
Protection against fire 

 
Another possible risk: 
 

Other risk Focus 

Exposure to aggressiveness 

Presence of aggressive people or animals 
Safeguarding against provocations 

Stressful situations 
Prevention of aggressiveness 

Physical separation 
Breaking contact 

Respect for danger zone 
User ability and behavior 
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A). LOCATION AND IDENTIFICATION OF THE AREAS WHERE THE WORKS 
INVOLVING SPECIAL RISKS WILL BE DEVELOPED.  
Risks	   Where?	   Focus	  
-‐	  Colliding	  elements/people	  
in	  the	  pivoting	  range	  of	  the	  
crane	  

-‐	  Pivoting	  area	  in	  the	  lot	   - Check the equipment’s 
placement.   
- Assess the influence from 
external forces. 
- Delimitate the danger zone. 
- Ensure the user’s abilities 
and behavior. 

-‐	  Fall	  of	  modules	  when	  lifting	   -‐	  Pivoting	  area	  in	  the	  lot	   - Check the equipment’s 
placement  
- Assess the influence from 
external forces  
- Delimitate the danger zone  
- Ensure the user’s abilities 
and behaviour 
- Coordination between 
crane operator and guider. 

-‐	  Work	  in	  height	  (roof,	  
beams,	  etc.)	  

-‐	  On	  the	  roof	  and	  on	  the	  first	  
floor	  

-‐	  PPE	  &	  harness	  
-‐	  Lifeline	  
Check:	  
-‐	  The	  equipment’s	  strength	  
-‐	  Railings	  
-‐	  The	  equipment’s	  
placement	  
-‐	  User	  stability	  

-‐	  Assembly/disassembly	  
prefab	  elements	  into	  place	  

-‐	  Truck	  area	  
-‐	  In	  the	  working	  area	  on	  site	  

-‐	  Maintain/guide	  the	  
elements	  with	  ropes	  
-‐	  PPE	  
Check:	  
-‐	  Equipment’s	  condition	  &	  
functionality	  
-‐	  Working	  method	  and	  
execution	  
-‐	  Danger	  zone	  
-‐	  Overview	  and	  visibility	  
-‐	  Technical	  safety	  equipment	  
-‐	  The	  user’s	  abilities	  and	  
behavior	  

10.7. RISKS IDENTIFICATION AND EFFICACY 
EVALUATION OF THE ADOPTED PROTECTIONS 
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A	  particular	  attention	  has	  been	  given	  to	  the	  special	  risks	   in	  the	  risk	  assessment	  carried	  out	  
with	  Senmut	  Experto	  sheets.	  	  

B). RISKS IDENTIFICATION AND EFFICIENCY EVALUATION OF THE 
ADOPTED PROTECTIONS 
The	  risk	  assessment	  has	  been	  done	  by	  synthetizing	  the	  critical	  points	  so	  as	  to	  gather	  all	  risks	  
in	  a	  few	  spreadsheets	  so	  that	  all	  parties	  involved	  can	  actually	  know	  those	  ones.	  Indeed,	  it	  is	  
more	   efficient	   both	   for	   the	  managers	   and	   for	   the	   employees	   to	   have	   all	   steps	   organized	  
around	  a	  few	  repetitive	  tasks	  in	  order	  to	  make	  the	  working	  process	  clearer	  for	  everyone.	  All	  
risks	   have	   been	   evaluated	   and	   prevented	   in	   order	   to	   get	   a	   risk,	  with	   precautions	   applied,	  
either	  trivial	  or	  tolerable.	  

   	  
 
 
 

The	  different	  collective	  protections	  to	  use	  are	  the	  followings:	  
-‐	  Cones	  and	  ribbons:	  delimitation	  of	  the	  danger	  zone	  or	  storage	  area.	  
-‐	  Drinking	  water:	  avoiding	  the	  heart	  stroke	  and	  dehydration.	  
-‐	   Rest	   area:	   tent-‐sheltering	   people	   for	   a	   rest	   where	   there	   will	   be	   water,	   benches	   and	   so	  
forth.	  
-‐	  Firs	  aid	  bag:	  see	  10.12	  
-‐	   Fences	   around	   the	   sites:	   delimitate	   the	   lot	   during	   the	   working	   phase.	   It	   prevents	  
anyone/anything	   from	   entering	   on	   the	   lot	   and,	   thus,	   from	   being	   a	   source	   of	   trouble/risk	  
during	  the	  construction.	  
-‐	  Waterproof	  plugs:	  they	  will	  be	  used	  so	  as	  to	  avoid	  electric	  shock	  when	  raining	  on	  site.	  
-‐	  Boom	  lift:	  it	  provides	  the	  safest	  place	  to	  work	  in	  height.	  
-‐	  Harness	  
-‐	  Fire	  extinguishers	  
-‐	  Lifelines	  
	  
Furthermore,	   according	   to	   the	   paragraph	   2.2.1	   a)	   of	   the	   general	   coordination	   plan,	   all	  
collective	  protections	  must	  comply	  with	  the	  following	  paragraph:	  
 
 
The	   Project	   Supervisor	   and	   each	   TEAM	   are	   responsible	   for	   providing,	   implementing,	   and	  
maintaining	  group	  protection	  up	  to	  its	  final	  disassembly	  or	  up	  until	  the	  end	  of	  construction.	  
For	   both	   the	   Project	   Supervisor	   and	   each	   TEAM,	   the	   HSE	   Coordinator	   implements	   and	  
maintains	  these	  tools.	  
Sub-‐contractors	   can	   implement	   group	   protection	   in	   agreement	   with	   and	   under	   the	  
responsibility	  of	  the	  Project	  Supervisor	  and	  of	  each	  TEAM.	  
All	  of	  the	  group	  protection	  implemented	  by	  the	  company	  on	  the	  construction	  site	  must	  be	  
described	  in	  detail	  in	  its	  ISHPP.	  
Group	   protection	   must	   be	   designed	   and	   constructed	   to	   meet	   the	   following	   general	  
principles:	  
	  

10.8. COLLECTIVE PROTECTIONS TO USE 
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• Always	  be	  implemented	  prior	  to	  the	  onset	  of	  any	  risk	  
• Be	  adapted	  and	   sufficient	   to	   allow	   for	   the	   completion	  of	   various	  works	   safely	   and	  

without	  dismantling	  by	  the	  Contractor,	  by	  its	  sub-‐contractors	  or	  by	  companies	  called	  
on	  to	  succeed	  him	  on	  the	  portion	  of	  the	  work	  in	  question	  

Unless	   prior	   special	   agreement,	   only	   the	   Contractor	   in	   charge	   of	   maintenance	   of	   a	  
temporary	  group	  protection	  will	  be	  authorized	  to	  disassemble	  it.	  
However,	  group	  protection	  can	  only	  be	  disassembled	  in	  the	  following	  situations:	  
	  

• Elimination	  of	  the	  risk	  related	  to	  the	  advancement	  of	  work	  	  
• Definitive	   group	  protection	  of	   the	  overall	  work	   is	   in	   place	   and	   is	   sufficient	   for	   the	  

remaining	  work	  	  
• Another	  temporary	  device	  of	  equal	  efficiency	  is	   implemented.	  (A	  procedure	  should	  

be	  established	  in	  the	  ISHPP	  by	  the	  company	  which	  falls	  into	  this	  category)	  

If	  at	  the	  conclusion	  of	  the	  Contractor’s	  work,	  one	  or	  more	  risks	  still	  remain	  on	  the	  structure,	  
the	   conditions	   set	   forth	   above	  will	   apply.	   The	   latter	  must	   implement	   group	   protection	   in	  
consultation	   with	   the	   Project	   Supervisor	   or	   the	   TEAM	   concerned,	   which	   are	   called	   on	   to	  
succeed.	  
All	   construction	   workers	   whose	   interventions	   require	   the	   removal	   of	   group	   protection	  
implemented	  by	  the	  Project	  Supervisor	  or	  by	  each	  TEAM	  must	  implement,	  after	  agreement	  
from	   the	   Project	   Supervisor	   and	   the	   TEAM	   involved,	   replacement	   equipment	   suitable	   to	  
carry	  out	  its	  work,	  ensuring	  effective	  group	  protection.	  It	  also	  ensures	  maintenance	  until	  the	  
end	  of	  the	  construction	  or	  until	  the	  replacement	  of	  initial	  protection.	  
Safety	  devices	   implemented	  by	  a	   company	   for	   its	  personal	  use	   (scaffolding,	  nets,	   barriers,	  
etc.)	   or	   group	  protection	   shared	  with	  other	   companies	   can	  only	   be	  moved	  or	   changed	  by	  
those	  who	  originally	  installed	  them.	  
Any	  modification	  will	  be	  joined	  as	  an	  addendum	  to	  the	  ISHPP	  before	  work	  commences.	  
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All	   Team	   DTU	   members	   and	   other	   parties	   involved	   must	   wear	   the	   present	   Personal	  
Protective	  Equipment:	  
	  

• Hard	  hat	  
• Safety	  glasses	  
• A	  shirt	  with	  sleeves	  and	  long	  trousers	  
• Safety	  boots	  with	  ankle	  supports.	  
• Reflective	  jacket	  
• Working	  gloves	  

	  
	  

Likewise,	   additional	   safety	   equipment	   will	   have	   to	   be	   worn	   depending	   on	   the	   task	   being	  
performed:	  
	  

• Goggles	  
• Protective	  eyewear	  
• Safety	  harness	  
• Earplugs	  

A). SIGNPOSTING OF THE RISKS 
The	  present	  HS	  plan	  will	  be	  available	  at	  any	  time	  in	  the	  rest	  area	  and	  the	  equipment	  van.	  
A	   poster,	   pointing	   out	   the	  main	   requirements	   to	   access	   the	   site,	   will	   be	   displayed	   at	   the	  
entrance	  of	  the	  site.	  The	  critical	  tasks	  will	  be	  pinned	  on	  a	  fence	  inside	  the	  site,	  therefore	  all	  
team	  members’	  safety	  reflexes	  will	  be	  refreshed	  thanks	  to	  those	  one.	  
Such	  a	  poster	  will	  be	  hanged	  up	  at	  the	  entrance	  of	  the	  construction	  site:	  

10.9. INDIVIDUAL PROTECTION RESOURCES TO USE 
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The	   safe	   working	   procedures	   are	   the	   ground	   from	   which	   we	   have	   developed	   the	   risk	  
assessment	  sheets.	  Nonetheless,	  some	  safe	  working	  procedures	  have	  to	  be	  more	  detailed.	  
The	  following	  procedures	  aim	  to	  give	  a	  wider	  and	  clearer	  scope	  on	  the	  general	  safe	  working	  
procedures	   on	   site.	   Some	   of	   them	   are	   directly	   extracted	   from	   the	   SDE	   rules	   in	   order	   to	  
enlighten	  them.	  
 
a) General discipline 
 
The	  following	  rules	  must	  be	  applied	  on	  site:	  
	  

• There	  is	  a	  ban	  on	  smoking	  in	  all	  our	  areas	  (rest	  area,	  storage	  area	  or	  even	  on	  site)	  
• There	  is	  a	  ban	  on:	  

o Keeping	  and	  carrying	  weapons	  of	  any	  kind	  
o Using	  alcohol	  beverages	  

• All	  workers	  must	  have	  read	  and	  know	  the	  present	  HS	  Plan.	  
	  

• The	  following	  items	  are	  mandatory,	  failing	  that	  the	  worker	  will	  face	  a	  denied	  access:	  
o Wearing	  of	  safety	  shoes	  or	  boots	  throughout	  the	  entire	  construction	  area	  
o Wearing	  of	  a	  safety	  helmet	  throughout	  the	  entire	  construction	  area	  
o Wearing	  of	  a	  retro-‐reflective	  band	  harness	  
o Wearing	   of	   the	   individual	   equipment	   necessary	   for	   construction	   work	  

(gloves,	  glasses,	  harness,	  etc.)	  
	  
Failure	  to	  wear	  individual	  protective	  equipment	  can	  lead,	   in	  the	  case	  of	  repeated	  offences,	  
to	  the	  withdrawal	  of	  access	  privileges.	  	  
	  
The	  Site	  coordinator	  or	   the	  HS	  coordinator	   reserve	   the	  right	   to	  expel	  any	  person	   from	  the	  
construction	  site	  who	  is:	  

• Intoxicated	  
• Trading	  or	  consuming	  drugs	  or	  barbiturates	  
• Causing	  fights/brawls	  
• Endangering	  the	  health	  of	  others	  or	  his/her	  own	  health	  
• Not	  able	  to	  justify	  for	  his/her	  presence	  on	  the	  construction	  site	  

 
 
 
 
 
 
 

10.10. SAFE WORKING PROCEDURES OF EVERY 
EMPLOYEES 
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b) Protection 
 

b.1. Group protection 
	  
Group	  protection	  must	  be	  designed	  and	  constructed	  to	  meet	  the	  following	  principles:	  

• Always	  be	  implemented	  prior	  to	  the	  onset	  of	  any	  risk	  
• Be	  adapted	  and	   sufficient	   to	   allow	   for	   the	   completion	  of	   various	  works	   safely	   and	  

without	  dismantling	  
Unless	   prior	   special	   agreement	   from	   the	   Site	   Coordinator,	   only	   one	   of	   the	   Team	   DTU	  
members	   in	  charge	  of	  maintenance	  of	  a	   temporary	  group	  protection	  will	  be	  authorized	   to	  
disassemble	  it.	  

However,	  group	  protection	  can	  only	  be	  disassembled	  in	  the	  following	  situations:	  

• Elimination	  of	  the	  risk	  related	  to	  the	  advancement	  of	  work	  
• Definitive	   group	  protection	  of	   the	  overall	  work	   is	   in	   place	   and	   is	   sufficient	   for	   the	  

remaining	  work	  
	  

The	  maintenance	  of	  all	  group	  protections	  will	  be	  ensured	  until	  the	  end	  of	  the	  construction.	  
	  
The	  group	  protections	  utilized	  on	  site	  will	  be:	  
	  

• Cones,	  ribbons	  	  
• Fences	  
• Lifeline	  
• Etc.	  

	  
	  

b.2. Personal	  Protective	  Equipment	  
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As	  mentioned	  previously,	  each	  Team	  DTU	  member	  or	  subcontractors	  will	  have	  to	  wear	  the	  
different	  elements:	  
 

Wearing	  of	  a	  helmet	  with	  a	  chin	  strap	  is	  
mandatory	  at	  all	  time	  

	  
Wearing	   of	   safety	   shoes	   or	   boots	   is	  
mandatory	   for	   all	   staff,	   whatever	   the	  
company	  or	  employee	  activity.	  

	  
The	   employee	   work	   uniform	   must	   be	  
one	  piece	  and	  adapted	  to	  the	  task	  to	  be	  
carried	   out.	   Shorts	   and	   flammable	  
clothes	  are	  forbidden.	  

	  

All	   workers	   shall	   wear	   the	   individual	  
equipment	   and	   protection	   adapted	   to	  
the	   type	   of	   tasks	   executed	   or	   to	   the	  
intervention	  situation.	   	  

Please	   note	   that	   the	   security	   harness	   is	  
an	   individual	   piece	   of	   equipment.	   Only	  
trained	  workers	   will	   use	   such	   a	   harness	  
(among	  other	   indications,	   the	   anchoring	  
point(s),	  the	  operating	  mode,	  etc.).	   	  

 
Wearing	   of	   a	   retro-‐reflective	   harness	   (Class	   2)	   is	  mandatory	  when	   on	   and	   in	   proximity	   to	  
road	  infrastructures.	  
	  
Reflective	  jackets	  will	  be	  worn	  throughout	  the	  entire	  construction	  phase.	  
	  
The	  corresponding	  signs	  will	  be	  displayed	  all	  over	  the	  site	  in	  order	  to	  remind	  their	  use	  to	  all	  
workers	  before	  entering	  on	  site.	  
	  

b.3. Protection	  against	  fire	  

Three	  spray	  water’s	  fire	  extinguishers	  will	  be	  located	  on	  site	  (construction	  site,	  kitchen	  and	  
first	  floor).	  	  

Furthermore,	  in	  case	  of	  fire,	  follow	  the	  “Emergency	  procedure”.	  

b.4. Protection	  against	  electrical	  systems	  and	  equipment	  

The	   installation	   for	   the	   distribution	   of	   electric	   energy	   has	   to	   comply	   with	   the	   following	  
elements:	  
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• General	   energy	   feed	   for	   the	   construction	   site	   (transformation	   boxes,	   general	  
distribution	  cabinet)	  	  

• Distribution	   required	   for	   construction	   site	   installations	   (closed	   areas,	   cranes,	   large	  
construction	  site	  equipment,	  etc.)	  

• Installation	   of	   distribution	   cabinets	   in	   buildings	   and	   in	   construction	   site	   areas	  (See	  
HS-‐101	  drawing)	  

• Supply,	   maintenance	   and	   feeding	   of	   main	   switchboards	   and	   electrical	   worksite	  
outlets	  in	  sufficient	  numbers	  (depending	  on	  work	  progress).	  (See	  HS-‐101	  drawing)	  

• Distribution	  required	   for	   traffic	   lighting	   installations	   (closed	  areas	  and	  construction	  
site)	  

• Surveillance	   and	  maintenance	   of	   installations	  In	   the	   trial	   phase:	   procedures	   of	   all	  
energy	  use	  	  

• An	  electrical	  installation	  plan	  will	  be	  laid	  down	  in	  roads	  so	  as	  to	  not	  obstruct	  traffic	  
(vehicles	  and	  pedestrians)	  	  

• No	  workstation	   requiring	   the	   use	   of	   electricity	   should	   be	   situated	  more	   than	   25	  
meters	  from	  electrical	  outlets.	  
	  

Likewise,	  waterproof	  multiplugs	  will	  also	  be	  available	  on	  site.	  
 
Furthermore,	   a	   particular	   care	   will	   be	   given	   to	   the	   electrical	   installation	   during	   the	   trial	  
phase.	  All	  tests	  will	  be	  made	  by	  using	  the	  right	  personal	  protective	  equipment	  and	  the	  right	  
voltage.	  
	  

b.5. Protection	  regarding	  scaffolding/personal	  platform	  

Only	  platforms	  will	  be	  used	  on	  site.	  There	  won’t	  be	  any	   ladders,	   they	  are	   considered	   too	  
risky.	  

Furthermore,	   all	   scaffoldings/platforms	   will	   have	   to	   be	   checked	   before	   use	   and	   to	   be	  
compliant	  with	  the	  French	  regulation	  (see	  details	  in	  the	  SDE	  General	  Coordination	  Plan).	  

In	  details,	  the	  company	  that	  mounted	  the	  platform	  must	  affix	  a	  tag	  or	  panel	   indicating	  the	  
name	  and	  date	  of	  receipt	  and	  write	  down	  the	  name	  of	  the	  auditor	  and	  the	  date	  of	  receipt;	  
as	  well	  as	  any	  daily	  audits	  conducted,	  in	  the	  security	  register.	  

b.6. Protection	  regarding	  the	  conditions	  of	  handling	  various	  materials	  &	  equipment	  

The	  present	  procedure	  will	  be	  followed	  on	  site,	  in	  case	  of	  any	  delivery	  of	  materials	  or	  other	  
truck’s	  maneuvers:	  

• Delivery	   persons	   will	   be	   greeted	   on	   the	   construction	   site	   at	   the	   guard	   post,	   then	  
taken	   in	   charge	   and	   lead	   on	   the	   construction	   site	   by	   a	   person	   designated	   by	   the	  
company	  who	  solicited	  the	  delivery.	  

• Deliveries	  of	  equipment,	  including	  trucks	  and	  trailers	  should	  momentarily	  park	  in	  the	  
allocated	   parking	   lot	   outside	   the	   site	   until	   the	   person	   who	   will	   accompany	   the	  
delivery	  arrives	  and	  take	  charge.	  

• Backing	  up	  should	  be	  avoided.	   If	  such	  manoeuvres	  cannot	  be	  avoided,	  they	  should	  
be	  guided.	  

• Large	  deliveries	  will	  be	  announced	  with	  a	  minimum	  anticipation	  at	   the	  weekly	  site	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Health	  &	  Safety	  Plan	   448	  

	  

meeting	  in	  order	  to	  review	  the	  conditions	  in	  which	  they	  will	  take	  place.	  
• If	  instructions	  are	  not	  followed,	  the	  trucks	  will	  be	  turned	  away	  at	  the	  entrance	  to	  the	  

site.	  	  
• The	  Team	  DTU	  will	  use	  boom	  lift	  and	  forklift	  so	  as	  to	  avoid	  the	  need	  for	  the	  manual	  

handling	  of	  loads	  by	  workers.	  
	  

b.7. Protection	  regarding	  lifting	  and	  handling	  means	  

Several	  handling	  means	  will	  be	  utilized	  on	  site	  such	  as:	  

• Mobile	  crane	  
• Boom	  lift	  
• Fork	  lift	  
• Pallet	  lift	  

All	  employees	  operating	  these	  devices	  must:	  

• Have	  all	  regulatory	  qualifications	  (driving	  license	  or	  formations)	  
• Obey	  the	  operating	  instructions	  
• Be	  medically	  fit	  

All	   lifting	  operations	  will	   be	   carried	  out	  by	   following	   the	   security	  operation	  defined	   in	   the	  
risk	  assessment	  sheets.	  

Furthermore,	  the	  Team	  DTU	  will	  ensure	  the	  physical	  materialization	  and	  the	  surveillance	  of	  
load	   transfer	   areas	   between	   storage	   areas,	   assembly	   areas	   and	   buildings	   to	   be	   built	   up.	  
These	  areas	  will	  be	  marked	  on	  the	  ground	  by	  bomb	  painting	  or	  cones	  and	  ribbons	  that	  will	  
remain	   in	   place	   until	   the	   lifting	   ceases.	   The	  main	   aim	   is	   obviously	   to	   prevent	   all	   traffic	   of	  
either	  persons	  or	  vehicles	  under	  the	  loads	  being	  handled.	  

Finally,	   in	   case	   of	   bad	   visibility,	   a	   maneuvering	   manager	   will	   guide	   the	   crane	   operator.	  
Maneuvering	  managers	  must	  be	  trained	  and	  wear	  specific	  work	  outfits	  in	  bright	  colors.	  	  
	  

b.8. Protection	  regarding	  the	  hand	  tools	  

All	  hand	  tools	  utilized	  on	  site	  will	  have	  to	  be	  CE	  stamped.	  Likewise,	  only	  skilled	  workers	  will	  
be	  allowed	   to	  use	  certain	   tools.	   Finally,	  all	  workers	   in	  doubt	  of	  his/her	  ability	  won’t	   try	   to	  
improvise	  and	  will	  directly	  ask	  the	  Site	  coordinator	  or	  the	  HS	  coordinator	  who	  will	  give	  the	  
right	  instructions.	  

b.9. Protection	  regarding	  the	  traffic	  

First	  of	  all,	  all	  work	  or	  extended	  platform	  outside	  will	  be	  avoided.	  

Then,	   all	   machine	   equipment	   will	   be	   equipped	   with	   visual	   and	   acoustic	   warning	   devices	  
when	  operating	  in	  reverse	  driving.	  

Finally,	  the	  following	  precautions	  have	  to	  be	  known	  from	  all	  on	  site:	  
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• Vehicles	  and	  construction	  site	  equipment	  

Obligations:	  

o Respect	   the	   rules	   in	   the	   traffic	   code	  Absolute	   priority	   must	   be	   given	   to	  
emergency	  vehicles	  

o Only	  accept	  driving	  a	  vehicle	  for	  which	  one	  is	  authorized	  Adapt	  the	  vehicle’s	  
speed	  to	  the	  state	  of	  the	  road,	  to	  weather	  conditions	  and	  to	  the	  density	  and	  
nature	  of	  traffic,	  to	  the	  road	  signs	  in	  place	  without	  exceeding	  20	  km/h	  

o 	  Reduce	  speed	  when:	  

	   	   -‐	  	  In	  proximity	  to	  work	  zones	  and	  to	  construction	  equipment	  	  

	   	   -‐	   	  In	  proximity	  to	  personnel	  on	  foot	   	  Only	  overtake	  slow	  vehicles	  (equipped	  
with	  flashing	  lights)	  after	  signaling	  with	  lights	  or	  by	  horning	  

o Report	  any	  machine	  break	  downs	  	  

Prohibitions	  	  

o Ban	  on	  backing	  up	  on	  the	  edge	  of	  cavities	  and	  on	  ridge	  slopes	  if	  there	  is	  no	  
rope	  or	  signalman	  

o No	  parking	  permitted	  on	  traffic	  lanes	  	  
o Ban	  on	  overtaking	  a	  vehicle	  during	  normal	  operation	  or	  to	   follow	  a	  vehicle	  

within	  50	  meters	  
o 	  Ban	  on	  backing	  up	  on	  the	  roads;	  in	  case	  of	  U-‐turn	  the	  priority	  must	  be	  given	  

for	  other	  vehicles	  or	  pedestrians.	  	  
	  

• Pedestrians	  

Obligations	  	  

o Observe	  posted	  security	  signs	  

o Use	  the	  marked	  access	  paths	  for	  pedestrian	  traffic	  	  

o Obligation	  to	  wear	  a	  helmet,	  safety	  shoes	  and	  marked	  clothing	  (class	  2	  or	  3)	  	  

Prohibitions	  	  

o Access	   is	   not	   authorized	   to	   anyone	   outside	   the	   construction	   site	   and	   not	  
accompanied	  by	  an	  authorized	  person,	  

o Personnel	  are	  not	  permitted	  to	  be	  transported	  on	  or	  ride	  in	  any	  construction	  
equipment.	  	  

	  

	  

	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Health	  &	  Safety	  Plan	   450	  

	  

c) General	  measure	  to	  ensure	  the	  maintenance	  of	  the	  construction	  site	  

The	  rules	  of	  cleanliness	  on	  site	  must	  be	  accepted	  and	  followed	  by	  all	  workers	  on	  site:	  

• Materials,	   equipment	   and	   appliances	   must	   be	   stored	   carefully	   in	   their	   respective	  
locations.	  When	   selecting	   these	   sites,	   the	  main	  wind	  direction	  must	  be	   taken	   into	  
account.	  

• Debris,	  construction	  debris	  and	  packaging	  materials	  should	  be	  placed	  in	  specifically	  
designated	  places	  for	  such	  materials.	  Trash	  is	  collected	  regularly	  for	  disposal	  at	  least	  
once	  a	  week.	  

• The	  accumulation	  of	  trash	  is	  prohibited.	  
• The	   construction	   sites	   shall	   be	   permanently	   maintained	   in	   reasonably	   clean	  

conditions.	  	  
• Stored	  materials	  or	  equipment	  will	  be	  weighted	  down	  to	  avoid	  any	  flight	  risks	  due	  to	  

wind	  effects.	  
• Tools,	  wood	  and	  other	  building	  materials	  won’t	  be	  left	  in	  transit	  areas	  to	  avoid	  risks	  

of	  falls.	  
• The	  wood	  on	  which	  there	  are	  protruding	  nails	  and	  other	  dangerous	  objects	  must	  be	  

treated	  quickly	  and	  removed	  from	  the	  construction	  site.	  
• Empty	   wooden	   crates	   will	   be	   regularly	   removed	   from	   the	   construction	   area	   and	  

transported	  in	  appropriate	  bins	  at	  least	  once	  per	  day.Once	  an	  employee’s	  tasks	  are	  
completed	  and	  at	  the	  end	  of	  each	  work	  period,	  each	  employee	  shall	   leave	  his/her	  
workstation	  ONLY	  if	  it	  is	  clean	  and	  is	  clear	  of	  dangers.	  

Site	   cleanliness	   is	   highly	   important,	   for	   it	   directly	   involves	   both	   safety	   and	   productivity.	  
Therefore,	  all	  workers	  will	  have	  to	  take	  5	  -‐10	  min	  at	  the	  end	  of	  their	  working	  time	  slots	  so	  as	  
to	   keep	   clean	   the	   construction	   site;	   falling	   to	   that,	   the	   workers	   will	   receive	   a	   penalty.	  
Furthermore,	   on	   a	  daily	   basis,	   the	   site	  will	   be	   cleaned	  up	   to	  ensure	   the	  health	   and	   safety	  
protection	  of	  the	  workers	  and	  keep	  the	  approaches	  and	  exits	  to	  the	  construction	  site	  clean.	  
Finally,	  the	  disposal	  of	  all	  waste	  materials	  will	  be	  under	  the	  responsibility	  of	  the	  Site	  and	  HS	  
coordinators.	  They	  will	  have	  to	  respect	  the	  appropriate	  storage	  areas.	  

d) Specific	  information	  regarding	  the	  emergencies	  procedures	  and	  the	  communication	  
	  
d.1. Organization	  of	  first	  aid	  

See	  12.	  d).	  

d.2. 	  Communication	  and	  information	  to	  enquire	  

Since	   most	   team	   members	   are	   only	   inexperienced	   workers,	   only	   improvisations	   must	   be	  
avoided.	  Despite	   the	  present	  HS	  plan	  and	  all	   the	  prevention	  measures,	   if	  one	  of	   the	   team	  
members	  has	  a	  question	  or	  a	  concern,	  he	  must	  directly	  ask	   the	  Site	  coordinator	  or	   the	  HS	  
coordinator	  on	  site.	  They	  are	   the	  responsible	   for	   the	  construction	  progress	  and	  the	  health	  
and	  safety	  on	  site,	  therefore	  they	  are	  the	  persons	  to	  contact	  in	  case	  of	  doubts.	  
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All	   parties	   involved	   (team	  members	  and	   subcontractors)	  have	   to	  handle	  CE	   stamped	   tools	  
and	  to	  follow	  the	  producer’s	  guide.	  Furthermore,	  only	  trained	  operators	  will	  be	  authorized	  
to	  handle	  resources	  that	  require	  any	  particular	  skills	  or	  a	  proper	  licence.	  	  

	   	   	  

A). FIRST AIDS 
All	  Team	  DTU	  members	  will	  be	  given	  a	  proper	  introduction	  to	  the	  Health	  &	  Safety	  first	  aids.	  	  
Furthermore,	   all	   Safety	   coordinators	   on	   site	  will	   be	   asked	   to	   know	   in	   details	   the	  different	  
emergency	   procedures	   in	   order	   to	   have	   a	   high	   reactivity	   when	   facing	   health	   problems	  
amidst	  the	  team	  members.	  

B). FIRST AIDS BAG 
This	   latter	   shall	   include	  all	  elements	  enabling	   to	  make	  a	  quick	  bandage	  or	  performing	   first	  
aid	  gestures	  before	  the	  arrival	  of	  the	  emergency	  services.	  
	  
To	  go	  a	  bit	  more	  into	  details,	  a	  Securimed®	  first	  aid	  kit	  (“Trousse	  de	  secours	  gros	  chantiers;	  
http://www.securimed.fr/trousse-‐secours-‐chantier-‐3024a.html)	   will	   be	   avalailable	   on	   site,	  
with	  the	  following	  elements:	  

• 2	  pancake	  strips	  4	  x	  7	  cm,	  
• 2	  stretchy	  bands	  3	  x	  5	  cm,	  
• 2	  stretchy	  bands	  3	  x	  7	  cm,	  
• 2	  stretchy	  bands	  3	  mx	  10	  cm,	  
• 1	  band	  cohesive	  
• 10	  compresses	  sterile	  20	  x	  20	  cm,	  
• 10	  compresses	  sterile	  30	  x	  30	  cm,	  
• 80	  assorted	  dressings,	  
• 1	  dressing	  strip	  cutting,	  
• 5	  eye	  dressings,	  
• 10	  pods	  anti-‐bacterial,	  
• 5	  towels	  anti-‐shock	  
• 5	  doses	  of	  soap	  without	  water	  
• 1	  soothing	  cream	  30	  ml	  
• 1	  mosquito	  repellent	  30ml	  
• 2	  fat	  dressings,	  
• 4	  doses	  of	  5	  ml	  eyewash,	  
• 1	  eyewash	  20	  cl	  
• 1	  blanket,	  
• 1	  triangular	  scarf,	  
• 4	  pairs	  of	  gloves,	  
• 1	  plaster,	  
• 1	  mask	  mouth	  to	  mouth,	  

10.11. MACHINERY AND AUXILIARY RESOURCES  

10.12. PLANNED MEASURES IN CASE OF ACCIDENT  
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• 1	  compression	  pad	  10	  cm	  with	  gloves,	  
• 1	  compression	  cut	  7	  cm	  with	  gloves,	  
• 1	  cushion	  compression	  
• 5	  hemostatic	  plugs,	  
• 2	  pockets	  cold	  	  
• 1	  stall,	  
• 1	  net	  for	  maintaining	  compresses,	  
• 20	  Adhesive	  sutures,	  
• 1	  finger	  splint,	  
• 1	  Thermofront,	  
• 12	  safety	  pins,	  
• 1	  pair	  of	  scissors	  
• 1	  splinter	  tweezers	  with	  magnifying	  glass	  
• 1	  booklet	  1st	  aid.	  

C). PREVENTIVE MEDICINE  
Please	   find	   enclosed	   the	  different	  medical	   examinations	   certificates	   of	   all	   parties	   involved	  
(Team	  members	  and	  employees).	   	  

D). ACCIDENT VICTIMS EVACUATION 
Based	   on	   the	   General	   Protection	   Plan	   from	   the	   SDE	   committee,	   the	   following	   procedure	  
must	  be	  followed	  in	  case	  of	  accidents:	  	  
	  
Step	  1:	  

-‐	  Protect	  the	  injured	  person	  

Deal	  with	  any	  continuing	  dangers:	  cut	  off	  electricity,	  air	  the	  room,	  and	  ensure	  no	  objects	  can	  
fall	  from	  above	  	  

-‐	  Prevent	  any	  inadvertent	  movement	  of	  the	  injured	  person	  	  

-‐	  Ensure	  the	  first-‐aider	  comes	  immediately	  and	  follow	  their	  instructions	  	  

-‐	  Cover	  the	  injured	  person	  

-‐	  Never	  give	  the	  injured	  person	  anything	  to	  drink	  

-‐	  In	  case	  of	  fire,	  use	  the	  fire	  extinguishers	  

Step	  2:	  
	  -‐	  Alert	  the	  emergency	  services:	  

	  -‐	  Call	  the	  fire	  service:	  18	  or	  112	  	  

Or	  

	  -‐	  The	  emergency	  ambulance	  service:	  12	  
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-‐	  Inform	  them	  of:	  

• The	  nature	  of	  the	  accident	  	  
• The	  number	  of	  victims	  	  
• The	  condition	  of	  the	  victims	  	  
• The	  location	  to	  meet	  emergency	  services	  
• The	  exact	  address	  of	  the	  construction	  site	  

NEVER	  END	  THE	  CALL	  FIRST	  

Step	  3:	  	  
Inform	  or	  get	  someone	  to	  inform:	  
	  
	   -‐	  The	  Project	  Supervisor	  or	  the	  HSE	  Coordinator	  
	   -‐	  First	  aiders	  on	  site	  
	  
Step	  4:	  	  
Ensure	  a	  safe	  environment	  and	  prevent	  any	  further	  injuries.	  
	  
Step	  5:	  	  
Inform	  the	  official	  organization.	  
	  
	  
Furthermore,	   in	   case	   of	   illness,	   wounds	   or	   any	   other	   daily	   problems,	   the	   different	   team	  
members	  and	  other	  parties	  involved	  will	  have	  the	  possibility	  to	  go	  the	  Versailles	  hospital	  or	  
the	  infirmary	  on	  site.	  	  
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Here	  below	  is	  the	  route	  to	  get	  there:	  
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See	  7.b.	  

	  
 
See	  7.b	  

 
Our	  prototype	  will	  be	  built	  up	  through	  the	  work	  of	  3	  different	  working	  shifts.	   In	  each	  shift,	  
there	  will	  be	  a	  HS	  coordinator.	  His	  work	  will	  be	  to	  ensure	  the	  safety	  of	  workers	  on	  site	  at	  any	  
time,	  during	  their	  time	  slots.	  To	  do	  so,	  a	  5	  minutes	  safety	  rules	  reminder	  will	  be	  held	  before	  
each	  shift,	  a	  full	  time	  monitoring	  of	  the	  compliancy	  of	  protections	  will	  be	  done,	  and	  the	  HS	  
officer	  will	  distribute	  all	  safety	  equipment	  and	  answer	  any	  questions	  regarding	  the	  Health	  &	  
Safety.	  	  
	  
Likewise,	  the	  Health	  and	  Safety	  Plan	  and	  the	  different	  Senmut	  Experto	  sheets	  will	  be	  hanged	  
up	   on	   the	   construction	   site.	   It	   will	   be	   the	   perfect	   way	   for	   Site	   coordinators	   and	   HS	  
coordinators	  to	  check	  the	  compliances	  of	  the	  ongoing	  tasks	  with	  those	  elements.	  
	   	  

10.13. RISKS IDENTIFICATION FOR POSSIBLE LATER 
WORKS 

10.14. USEFUL PLANS AND INFORMATION FOR POSSIBLE 
LATER WORKS 

10.15. ADOPTED SYSTEM FOR THE LEVEL OF HEALTH 
AND SAFETY CONTROL DURING WORKS 
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A	  workshop,	  on	  June	  4,	  will	  be	  held.	  The	  content	  of	  this	  workshop	  is	  the	  following:	  
	  
8.00	  	   Welcome	  
	   Why	  is	  safety	  in	  construction	  an	  issue?	  
	   What	  is	  the	  main	  risks	  and	  preventions?	  
9.00	   The	  safety	  and	  health	  plan	  for	  Solar	  Decathlon?	  	  
	   The	  different	  phases,	  risks,	  activities,	  consequences?	  
	   How	  this	  is	  important	  for	  the	  projects	  points?	  
10.00	  	   Groupwork	  about:	  

1. Behavior	  on	  site	  (follow	  the	  rules	  by	  acknowledging	  the	  HS	  Plan,	  what	  to	  
do	  in	  case	  of	  doubts	  or	  others)	  	  

2. Keeping	  the	  site	  in	  good	  order	  –	  how,	  when	  and	  why?	  
3. Use	  of	  personal	  protections	  -‐	  where,	  when	  and	  why?	  
4. Use	  of	  technical	  equipment	  -‐	  Training	  session	  regarding	  the	  handling	  of	  

tools	  or	  others.	  

12.00	  	   Closing	  remarks	  and	  good	  luck!	  
 
  

10.16. FORMATION AND INFORMATION ABOUT HEALTH 
AND SAFETY 
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Our	   plot	   has	   two	   accesses;	   therefore	   it	   is	   fairly	   easy	   to	   get	   out	   from	   the	   plot.	   As	   it	   is	  
displayed	  on	  the	  drawing	  below:	  	  
 

 
 

10.17. EMERGENCY EVACUATION PLAN DURING THE 
ASSEMBLY AND DISASSEMBLY PERIODS 
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Since	  the	  plot	  is	  localized	  nearby	  the	  main	  road,	  it	  will	  be	  easy	  to	  go	  out	  La	  Cité	  du	  Soleil	  in	  
case	  of	  emergency.	  Indeed,	  there	  are	  two	  exits	  close	  to	  the	  lot.	  	  

 
	  
Furthermore,	  as	  explained	  previously,	  the	  nearest	  hospital	  is	  15mins	  by	  car	  from	  La	  Cité	  du	  
Soleil.	  The	  route	  from	  the	  Cité	  to	  the	  hospital	  is	  here	  below:	  
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In	   case	   of	   emergency,	   a	   team	   member	   will	   be	   assigned	   to	   conduct	   people	   in	   the	   right	  
direction	   to	   exit	   the	   lot.	   Furthermore,	   as	   soon	   as	   the	   emergency	   alert	   is	   given,	   all	   people	  
inside	  the	  house	  will	  be	  asked	  to	  leave	  calmly	  the	  house	  without	  taking	  anything	  along	  with	  
them	  and	  to	  go	  to	  the	  meeting	  point	  of	  La	  Cité	  du	  Soleil.	  
 
In case of incident, the emergency procedure is the following:  
 
Step	   1:	  
-‐	  Protect	  the	  injured	  person	  

-‐	  Deal	  with	  any	  continuing	  dangers:	  cut	  off	  electricity,	  air	  the	  room,	  and	  ensure	  no	  objects	  
can	  fall	  from	  above	  	  

-‐	  Prevent	  any	  inadvertent	  movement	  of	  the	  injured	  person	  	  

-‐	  Ensure	  the	  first-‐aider	  comes	  immediately	  and	  follow	  their	  instructions	  	  

-‐	  Cover	  the	  injured	  person	  

-‐	  Never	  give	  the	  injured	  person	  anything	  to	  drink	  

-‐	  In	  case	  of	  fire,	  use	  the	  fire	  extinguishers	  

Step	   2:	  
	  -‐	  Alert	  the	  emergency	  services:	  

	  -‐	  Call	  the	  fire	  service:	  18	  or	  112	  	  

Or	  

	  -‐	  The	  emergency	  ambulance	  service:	  12	  

-‐	  Inform	  them	  of:	  

• The	  nature	  of	  the	  accident	  	  
• The	  number	  of	  victims	  	  
• The	  condition	  of	  the	  victims	  	  
• The	  location	  to	  meet	  emergency	  services	  
• The	  exact	  address	  of	  the	  construction	  site	  

NEVER	  END	  THE	  CALL	  FIRST	  

Step	  3:	  	  
Inform	  or	  get	  someone	  to	  inform:	  
	  
	   -‐	  The	  Project	  Supervisor	  or	  the	  HSE	  Coordinator	  
	   -‐	  First	  aiders	  on	  site	  
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Step	  4:	  	  
Ensure	  a	  safe	  environment	  and	  prevent	  any	  further	  injuries.	  
	  
Step	  5:	  	  
Inform	  the	  official	  organization.	  
 
In	  case	  of	  fire:	  
 
First	   of	   all,	   spray	  water’s	   fire	   extinguisher	   of	   6	   litres	   at	   each	   level	   of	   the	  house	   and	   a	   fire	  
extinguisher	  appropriate	  against	  electrical	  hazards	  near	  the	  electrical	  switchboard.	  The	  fire	  
extinguishers	   will	   be	   brought	   with	   the	   first	   truck	   arriving	   on	   site.	   Furthermore,	   some	   fire	  
blankets	  will	  be	  available	  on	  site,	  if	  people	  catch	  fire.	  	  
If	   a	   large-‐scale	   fire	   is	   starting,	   an	   emergency	   call	   will	   be	   given	   to	   the	   fire	   department	  
according	  to	  the	  emergency	  procedure.	  
In	  case	  of	  accident:	  

At	  least	  one	  team	  member	  per	  shift	  will	  have	  his	  first-‐aid	  certificate;	  therefore	  he	  will	  be	  the	  
person	  in	  charge	  of	  taking	  care	  of	  the	  injured	  person.	  The	  process	   is	  to	  protect	  the	  injured	  
person	  and	   to	  create	  a	  safe	  area	  around	  him/her	  before	   the	  emergency	  arrives	  on	  site.	   In	  
the	  meantime,	   the	   Site	  Operation	   coordinator	   and	   the	  HS	   coordinator	  will	   have	   to	   secure	  
the	  area,	  stop	  all	  on-‐going	  works	  and	  call	  the	  SDE	  committee	  officers.	  
 
Emergency	  numbers:	  
 
Police:	  Call	  17	  

SAMU:	  Call	  15	  

Fireman:	  Call	  18	  from	  a	  landline	  –	  Call	  112	  from	  a	  mobile	  phone	  

Signposting:	  

Emergency assembly point 

 

First aid kit 

 

Spray water’s fire extinguisher 
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N° Submitted to risks Senmut Experto 

  
Color Task 

1 Site preparation   

 Erect perimeter fencing  

Erecting/Removin
g fences around 

the site 
2 Foundations, deck modules, and flexible space 

  
 

Arriving truck 1 
  

 
Guiding truck to lot 

 
Guiding truck 

to/away from lot 

 
Lifting and storing module 1 from truck 1 

 
Lifting up/down 

modules 

 Guiding truck away from lot  
Guiding truck 

to/away from lot 

 
Placing footings according to foundation plan 

 

Placing and 
levelling the 
foundations 

footings 

 
Adjusting to ensure a level 

Placing and 
levelling the 
foundations 

footings 

 Placing deck modules thanks to crane.  
Lifting up/down 

modules 

 
Fastening module connections 

 
Fastening 

connections 

 Erecting flexible space on top of deck modules  

Lifting up/down 
modules 

Fastening 
connections 

3 Thermal enveloppe 
  

 Arriving truck 2   

 
Guiding truck to lot 

 
Guiding truck 

to/away from lot 

 Lifting TE module 4 onto foundation  
Lifting up/down 

modules 

 Guiding truck away from lot  
Guiding truck 

to/away from lot 

 
Lifting TE Module 1 from storage place into place 

 
Lifting up/down 

modules 

 
Fastening connections - Module 4 

 
Fastening 

connections 

 
Arriving truck 3 

  

ANNEX 1: IDENTIFICATION OF RISKS AND EVALUATION 
OF THE EFFICIENCY OF THE ADOPTED PROTECTIONS. 
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Guiding truck to lot 

 
Guiding truck 

to/away from lot 

 Lifting TE module 3 onto foundation  
Lifting up/down 

modules 

 Guiding truck away from lot  
Guiding truck 

to/away from lot 

 
Arriving truck 4 

  
 

Traffic jam buffer 
 

Waiting area 

 
Guiding truck to lot 

 
Guiding truck 

to/away from lot 

 
Lifting TE module 2 above module 3 

 
Lifting up/down 

modules 

 
Guiding truck away from lot 

 
Guiding truck 

to/away from lot 

 
Fastening connections between Module 3 and Module 1 

 
Fastening 

connections 

4 Weather Shield   
 

Arriving truck 5 
  

 
Traffic jam buffer 

 
Waiting area 

 Guide truck to lot  
Guiding truck 

to/away from lot 

 
Unloading WS modules and gable walls mat 

 
Lifting up/down 

modules 

 
Guiding truck away from lot 

 
Guiding truck 

to/away from lot 

 
Constructing gable wall on ground adjacent to final position 

 
Carpentry work 

 
Lifting gable wall into position 

 
Lifting up/down 

modules 

 Fastening to foundation, deck modules & flex. space   

 Preparing supports for WS modules  Carpentry work 

 
WS north façade modules 

  

 Lifting modules into position  
Lifting up/down 

modules 
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Fastening to TE module 4 and gable wall 

 
Fastening 

connections 

 
WS roof modules 

  

 Lifting modules into position  
Lifting up/down 

modules 

 Fastening to TE modules and gable wall  
Fastening 

connections 

 
WS south façade module 

  

 
Lifting modules into position 

 
Lifting up/down 

modules 

 
Fastening to TE module 4 and gable wall 

 
Fastening 

connections 

 
Installing additional weatherproofing measures 

 
Fastening 

connections 

5 Installations   

 
Installing and connecting appliances 

 

Installing and 
connecting 
appliances 

 Installing terrace railing  Carpentry work 

6 Exterior terrace, stairs and ramps 
  

 Erecting exterior terrace, stairs and ramps for the exhibition  Carpentry work 

7 Preparation for the Exhibition 
  

 
Remove temporary structures 

 

Erecting/Removin
g fences around 

the site 

 
 
 
The following sheets have been gotten: 
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Probability*of*the*event

Important(risk
Intolerable(risk

Risks*assessments*with*precaution*
applied

Trivial(risk
Tolerable(risk
Moderate(risk

Remote
Possible
Certain

Signs
Fatal(injury
Serious(injury
Slight

Consequence

Preventive(Procedures
Individual(Protection
Collective

Determined*precaution

Risks*indentifications*and*its*causes

ln

Determined*precaution Consequence Risks*assessments*with*
precaution*applied

Evaluation*place:*in*drawingsName:*Guiding*truck*to/away*from*lot

Prevention*procedure:

Mo T To MCl Pi S PP L GR P C

X X X

Knowledge(of(the(HS(plan(for(all(workers(involved,(including(subcontractors.

X
Run*over*or*hit*by*vehicles*********************************
Hit(by(the(crane(or(the(truck
Accidents*caused*by*living*beings((((((((((((((
Driving(error X X X X

Gloves,(working(clothes((shirt(with(sleaves(and(long(trousers),(safety(boots(with(ankle(support,(reflective(vest,(safety(glasses,(safety(helmet.

Cones(&(ribbons,(drinking(water,(firs(aid(bag,(fences(around(the(sites,(fire(extinguishers

X

Trapped*by*or*between*objects
Trapped(by(other(teams(trucks

Collective*prevention:

Individual*protection*equipment:

Signs:

In(complying(with(the(current(legislation,(in(this(evaluation(we(consider("avoided(risks"(all(qualified(as("trivial"(or("tolerable";(the(rest(of(the(qualificatios(are(considered("not(
avoided(risks";(for(operative(criteria(unification,(replace(the(nominal(lists(as(unnecessary

DESIGNED*LABOUR*RISK*PREVENTION,*JOINT*EFFICIENCY*IS*EVALUATED

X
X

X
X X X X X X

"Do(not(enter,(work(in(progress"Psigns(around(the(site,(speed(limit.

Fall*of*persons*at*the*same*level
Fall(due(to(an(element(on(the(ground X X X X X

Date:*14/05/2014 l

X
X X

X XColliding*with*objects*in*motion (((((((((((((((((((((((((
Truck(hitting(vehicles/elements(on(the(track

Probability*of*the*
event

Explosion
Explosion(of(a(tire X X X X X X

The(speed(of(trucks(will(adapt(to(the(step(of(a(man,(one(person(must(walk(in(front(of(the(truck,(and(another(person(must(walk(behind(the(truck.(They(
must(direct(the(movements(of(the(trucks,(establish(the(maximum(speed(of(the(vehicles(and(avoid(the(accidents(with(people,(with(the(rest(of(vehicles(
and/or(with(the(different(elements(of(La(Cité(du(Soleil
Driver(licence
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S I

In Intolerable(risk

Trapped'by'turned'over'machines,'tractors'
or'vehicles'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
Crane(might(turn(over(through(overloading

X X X X

Fall'of'persons'at'the'same'level'''''''''''''''''''''''''''''''''''''''''''''
Fall(of(guiders/workers(because(of(inattention

Possible Individual(Protection Serious(injury Tolerable(risk

Certain Preventive(Procedures Fatal(injury Moderate(risk

Signs Important(risk

Knowledge(of(the(HS(plan(for(all(workers(involved,(including(subcontractors.

Controlling(constantly(the(safety(area(;(no(one(has(to(below(the(loads(when(being(lifted(up/down

Probability'of'the'event
Determined'precaution Consequence Risks'assessments'with'precaution'

applied
Remote Collective Slight Trivial(risk

Guide(the(crane(operator(by(talkie(walkie

Highly(emphasise(on(and(check(the(slings(mountings

Controlling(the(movements(of(the(modules(with(lines(in(the(modules'(coners

Crane(operator(licence

Whistle(once(when(starting(llifting(elements(and(twice(once(finished

Keeping(the(lot(clean(at(any(time

In(complying(with(the(current(legislation,(in(this(evaluation(we(consider("avoided(risks"(all(qualified(as("trivial"(or("tolerable";(the(rest(of(the(qualificatios(are(considered("not(

avoided(risks";(for(operative(criteria(unification,(replace(the(nominal(lists(as(unnecessary

DESIGNED'LABOUR'RISK'PREVENTION,'JOINT'EFFICIENCY'IS'EVALUATED
Collective'prevention:
Cones,(drinking(water,(firs(aid(bag,(fences(around(the(sites,(fire(extinguishers,(waterproof(plugs

Individual'protection'equipment:
Gloves,(working(clothes((shirt(with(sleaves(and(long(trousers),(safety(boots(with(ankle(support,(reflective(vest,(safety(glasses,(safety(helmet.

Signs:
"Do(not(enter,(work(in(progress"Rsigns(around(the(site,(sign(for(the(slings,(whistle((signal(when(loading(&(unloading).

Prevention'procedure:

X X

Accidents'caused'by'living'beings(((((((((((((((((((((((((((((((((((((((((((
Pilot(crane/Guider(error

X X X X X X

X

X X

Fall'of'object'because'they'come'loose''''''''''''''''''''''''''''''''
The(slings(may(become(loose(when(unloading

X X X X X
Fall'of'objects'because'of'manipulation'''''''''''''''''''''''''''''''''''''
If(slings(mounted(incorrectly,(modules(may(

fall

Colliding'with'still'objects''''''''''''''''''''''''''''''''''
Objects/house(hit(by(the(crane X

ln

X X

X X

Colliding'with'objects'in'motion''''''''''''''''''''''''''''''''''''''''
Workers(crushed(by(lifted(elements X X X X X X

X X X

X

X X X X X

Name:'Lifting'up/down'modules Evaluation'place:'in'drawings

Risks'indentifications'and'its'causes Probability'of'the'
event

Determined'precaution Consequence Risks'assessments'with'
precaution'applied

Date:'14/05/2014 R P C Cl Pi S PP L G Mo T To M l
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Knocked(by(object(or(tools
A(tool(from(the(boomlift(might(knock(
someone(by(falling

X X X X X X X X

X X X X X X

Signs Important(risk
Intolerable(risk

Accidents(caused(by(living(beings(((((((((((((((((((((((((((((((((((((((((((
Pilot(crane/Guider(error X X X X X X

Remote Collective Slight Trivial(risk
Possible Individual(Protection Serious(injury Tolerable(risk
Certain Preventive(Procedures Fatal(injury Moderate(risk

Highly(emphasise(on(and(check(the(slings(mountings

Fall(of(object(because(they(come(loose((((((((((((((((((((((((((((((((
The(slings(may(come(loose(and(hit(the(worker X X X X X

Explosion
Explosion(of(the(glazing(unit(of(the(window(
when(placing

X

X X

Fall(of(objects(because(of(manipulation(((((((((((((((((((((((((((((((((((((
If(slings(mounted(incorrectly,(modules(may(
fall

X X

Controlling(the(movements(of(the(modules(with(lines(in(the(modules'(coners
Controlling(constantly(the(safety(area(;(no(one(has(to(below(the(loads(when(being(lifted(up/down
Crane(operator(licence
Whistle(once(when(starting(llifting(elements(and(twice(once(finished
Keeping(the(lot(clean(at(any(time

Probability(of(the(event
Determined(precaution Consequence Risks(assessments(with(precaution(

applied

Controlling/Monitoring(the(work(of(the(worker(in(height(and(ensure(his(safety
Coordinating(the(work(between(the(place(of(elements(and(the(fastening(connections

Collective(prevention:
Cones,(ribbons,(drinking(water,(firs(aid(bag,(fences(around(the(sites,(fire(extinguishers,(waterproof(plugs,(boom(lift,(lifeline
Individual(protection(equipment:
Gloves,(working(clothes((shirt(with(sleaves(and(long(trousers),(safety(boots(with(ankle(support,(reflective(vest,(safety(glasses,(safety(helmet,(harness
Signs:
"Do(not(enter,(work(in(progress"Ssigns(around(the(site,(signs(for(the(slings,(whistle((signal(when(loading(&(unloading).
Prevention(procedure:
Knowledge(of(the(HS(plan(for(all(workers(involved,(including(subcontractors.
Guide(the(crane(operator(by(talkie(walkie

X X X
In(complying(with(the(current(legislation,(in(this(evaluation(we(consider("avoided(risks"(all(qualified(as("trivial"(or("tolerable";(the(rest(of(the(qualificatios(are(considered("not(

avoided(risks";(for(operative(criteria(unification,(replace(the(nominal(lists(as(unnecessary

DESIGNED(LABOUR(RISK(PREVENTION,(JOINT(EFFICIENCY(IS(EVALUATED

Trapped(by(or(between(objects
Trapped(between(the(two(elements(to(fasten X X X

X X X

X X X
Colliding(with(still(objects((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Risks(of(making(damages(to(the(structure X X X X

Colliding(with(objects(in(motion((((((((((((((((((((((((((((((((((((((((
Workers(crushed(by(elements(in(motion;(e.g(
beams

X X

Fall(of(persons(at(the(same(level(((((((((((((((((((((((((((((((((((((((((((((
Fall(of(guiders/workers(because(of(inattention

X X X X X

X X
X X X X X

Fall(of(persons(at(a(different(level((((((((((((((((((((((((((((((((((((((
Fall(of(persons(working(on(boomlifts X X X

Name:(Fastening(connections Evaluation(place:(in(drawings

Risks(indentifications(and(its(causes Probability(of(the(
event

Determined(precaution Consequence Risks(assessments(with(
precaution(applied

Date:(14/05/2014 R P C Cl Pi S PP L G Mo T To M l ln
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Name:&Placing&and&levelling&the&foundations&footings Evaluation&place:&in&drawings

Risks&indentifications&and&its&causes Probability&of&the&
event

Determined&precaution Consequence Risks&assessments&with&
precaution&applied

Date:&14/05/2014 R P C Cl Pi S PP L G Mo T To M l ln

X

X

X

Overexertion&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(
Workers(might(get(tired(after(placing/carrying( X X X X
Fall&of&persons&at&the&same&level&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Fall(of(workers(because(of(inattention X X X
Stepping&on&objects&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Footings(placed(on(the(floor(might(be(obstacles X X X X X
Colliding&with&still&objects&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
Colliding(between(elements((footings(&(storage(

elements)
X X X X X

Fall&of&objects&because&of&manipulation&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&(
If(moved(incorrectly,(the(footings(might(fall(and(get(

broken.
X X X X X

Fall&of&object&because&they&come&loose&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
The(ropes(maintaining(the(module(3(might(break(off X X X X X X X

Accidents&caused&by&living&beings(((((((((((((((((((((((((((((((((((((((((((
Wrong(placements(of(elements(to(pick(up X X X X X X X
Trapped&by&turned&over&machines,&tractors&or&vehicles&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
If(not(placed(properly,(the(crane(might(get(unstable. X X X X X X
Knocked&by&object&or&tools
A(footing(might(knock(a(foot(when(being(moved X X X X X
Fall&of&objects&because&of&collapse&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
If(placed(at(the(wrong(place,(the(module(3(might(

If(the(footings(are(placed(incorrectly,(the(whole(house(

might(fall(down((((((((((((((((((((((((((((((((((( X X X X X X

In(complying(with(the(current(legislation,(in(this(evaluation(we(consider("avoided(risks"(all(qualified(as("trivial"(or("tolerable";(the(rest(of(the(qualificatios(are(considered("not(avoided(

risks";(for(operative(criteria(unification,(replace(the(nominal(lists(as(unnecessary

"Do(not(enter,(work(in(progress"Psigns(around(the(site,(stamps(on(boxes((for(example,(25kgs(P(Heavy(loads),(signs(for(the(slings,(whistle((signal(when(loading(

&(unloading),(danger(zone(and(placements(of(objects(to(store(with(fluorescent(paintings.

Prevention&procedure:
Knowledge(of(the(HS(plan(for(all(workers(involved,(including(subcontractors.

Prohibition(of(carrying(loads(more(than(25(kgs(for(men(and(20(kgs(for(women

Keeping(the(lot(clean(at(any(time

Specifiy(the(nature(of(the(goods(by(stamping(the(name(and(the(weights(of(products

Pay(a(particular(attention(to(the(placement(of(the(foundations(footings

Ensure(the(place(of(the(module(3(and(its(stability(when(storing(this(latter

All(used(hand(tools(have(to(be(stamped("CE"

Probability&of&the&event
Determined&precaution Consequence Risks&assessments&with&precaution&

applied
Remote Collective Slight Trivial(risk

Possible Individual(Protection Serious(injury Tolerable(risk

Certain Preventive(Procedures Fatal(injury Moderate(risk

Signs Important(risk

Intolerable(risk

X X X X X

DESIGNED&LABOUR&RISK&PREVENTION,&JOINT&EFFICIENCY&IS&EVALUATED
Collective&prevention:
Cones,(ribbons,(drinking(water,(firs(aid(bag,(fences(around(the(sites,(fire(extinguishers,(waterproof(plugs,(lifeline

Individual&protection&equipment:
Gloves,(working(clothes((shirt(with(sleaves(and(long(trousers),(safety(boots(with(ankle(support,(reflective(vest,(safety(glasses,(safety(helmet.

Signs:
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Signs Important(risk

Intolerable(risk

Non$traumatic$pathologies$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
Hammering(or(cutting(one's(hand/finger

X X X X X

Remote Collective Slight Trivial(risk

Possible Individual(Protection Serious(injury Tolerable(risk

Certain Preventive(Procedures Fatal(injury Moderate(risk

Knowledge(of(the(HS(plan(for(all(workers(involved,(including(subcontractors.

Prohibition(of(carrying(loads(more(than(25(kgs(for(men(and(20(kgs(for(women.

Specifiy(the(weights(of(wooden(elements(by(stamping(them.

Keeping(the(lot(clean(at(any(time

Working(in(shifts

All(used(hand(tools(have(to(be(stamped("CE"

Ensure(a(lifeline(on(the(construction(lot(in(order(to(avoid(any(stepping(on(wires(or(elements(and(coQworking(areas

Probability$of$the$event
Determined$precaution Consequence

Risks$assessments$with$precaution$
applied

In(complying(with(the(current(legislation,(in(this(evaluation(we(consider("avoided(risks"(all(qualified(as("trivial"(or("tolerable";(the(rest(of(the(qualificatios(are(considered("not(avoided(

risks";(for(operative(criteria(unification,(replace(the(nominal(lists(as(unnecessary

DESIGNED$LABOUR$RISK$PREVENTION,$JOINT$EFFICIENCY$IS$EVALUATED
Collective$prevention:
Cones,(ribbons,(drinking(water,(firs(aid(bag,(fences(around(the(sites,(fire(extinguishers,(waterproof(plugs,(lifeline

Individual$protection$equipment:
Gloves,(working(clothes((shirt(with(sleaves(and(long(trousers),(safety(boots(with(ankle(support,(reflective(vest,(safety(glasses,(safety(helmet.

Signs:
"Do(not(enter,(work(in(progress"Qsigns(around(the(site,(stamps(of(the(weight(on(wooden(elements,(working(area(well(defined.

Prevention$procedure:

X X

Stepping(on(eletrical(wire((((((((((((((( X X X X X

Exposure$to$radiation$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
Risk(of(heat(stroke(when(working(outside

X X X X

X X

Knocked$by$object$or$tools
Knocked(by(a(wooden(element(

X X X X X

Stepping$on$objects$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
Stepping(on(wooden(elements((((((((((((((((((((((

X X X

X X

Accidents$caused$by$living$beings(((((((((((((((((((((((((((((((((((((((((((
Wrong(assembly(of(elements(to(build(up,(leading(to(an(

accident

X X X X X X

Colliding$with$objects$in$motion$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
People(may(hit/be(hit(by(elements

X X X X X

X X

Colliding$with$still$objects$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
Colliding(between(elements((wooden(planks(against(

ongoing(construction)

X X X X X

Fall$of$objects$because$of$collapse$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
Fall(of(the(wooden(element((wall)(by(being(built(up

X X X X X

X X

Fall$of$objects$because$of$manipulation$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$(
If(moved(incorrectly,(wooden(elements(may(fall

X X X X X X

Fall$of$persons$at$the$same$level$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$
Fall(of(workers(because(of(inattention

X X

G Mo T To M l ln

Overexertion$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$(
Workers(might(get(tired(after/while(building(elements

X X X X X X

Date:$14/05/2014 R P C Cl Pi S PP L

Name:$Carpentry$work Evaluation$place:$in$drawings

Risks$indentifications$and$its$causes
Probability$of$the$

event
Determined$precaution Consequence Risks$assessments$with$

precaution$applied
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Health	  &	  Safety	  Plan	   470	  

	  

R Cl L T
P Pi( G To(
C( PP Mo( M

S I
In

Knocked(by(object(or(tools
Knocked(by(a(loose(object X X X X X
Non(traumatic(pathologies(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Cutting(one's(hand(when(carrying(elements

XXXXXXExposure(to(radiation((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Risk(of(heat(stroke(while(working(outside

Fire(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
When(connecting(the(electrical(system((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((X X X X X X

X

Breaking(an(inEbetween(appliances(connection X X X X X

X X X X X

Thermal(contact(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
HVAC(elements(might(get(hot(after(a(while.(Be(careful(
not(to(get(burnt.

X X X X X

Stepping(on(objects((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Stepping(on(waste((((((((((((((( X X X X

Remote Collective Slight Trivial(risk
Possible Individual(Protection Serious(injury Tolerable(risk
Certain Preventive(Procedures Fatal(injury Moderate(risk

Signs Important(risk
Intolerable(risk

Breaking(a(eletrical(wire X X X X X

Probability(of(the(event

In(complying(with(the(current(legislation,(in(this(evaluation(we(consider("avoided(risks"(all(qualified(as("trivial"(or("tolerable";(the(rest(of(the(qualificatios(are(considered("not(avoided(
risks";(for(operative(criteria(unification,(replace(the(nominal(lists(as(unnecessary

DESIGNED(LABOUR(RISK(PREVENTION,(JOINT(EFFICIENCY(IS(EVALUATED
Collective(prevention:
Cones,(ribbons,(drinking(water,(firs(aid(bag,(fences(around(the(sites,(fire(extinguishers,(waterproof(plugs,(lifeline
Individual(protection(equipment:
Gloves,(working(clothes((shirt(with(sleaves(and(long(trousers),(safety(boots(with(ankle(support,(reflective(vest,(safety(glasses,(safety(helmet.
Signs:
"Do(not(enter,(work(in(progress"Esigns(around(the(site,(stamps(of(the(weight(on(technical(elements,("Hot(surface"(sign(on(HVAC(elements,((working(area(well(
defined.
Prevention(procedure:
Knowledge(of(the(HS(plan(for(all(workers(involved,(including(subcontractors.
Prohibition(of(carrying(loads(more(than(25(kgs(for(men(and(20(kgs(for(women.
Specifiy(the(weights(of(technical(elements(by(stamping(them.
Keeping(the(lot(clean(at(any(time
Working(in(shifts
All(used(hand(tools(have(to(be(stamped("CE"
Ensure(a(lifeline(on(the(construction(lot(in(order(to(avoid(any(stepping(on(wires/(elements(or(any(coEworking(areas

Stepping(on(eletrical(wire(((((((((((((((( X X X X

When(connecting(the(domestic(appliances((washingE
machine,etc.)(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

Determined(precaution Consequence Risks(assessments(with(precaution(
applied

Exposure(to(electric(connections((((((((((((((((((((((((((((((((((((((((((((((((((((((((
An(electric(shock(might(occur(when(connecting X X

X X X X X

Accidents(caused(by(living(beings(((((((((((((((((((((((((((((((((((((((((((
Breaking(a(water(cable(((( X X X X X

Colliding(with(still(objects((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Colliding(between(appliances(when(installing X X X X X
Exposure(to(extreme(environmental(temperatures(((((((((((((((((((((((((
After(working(outside(allEday(long X X X X X X

Fall(of(objects(because(of(manipulation((((((((((((((((((((((((((((((((((((((((((
If(moved(incorrectly,(appliances(may(fall(and(hurt( X X X X X

X X X X

Overexertion(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
Workers(might(get(tired(after/while(installing(elements X X X X X X
Fall(of(persons(at(the(same(level(((((((((((((((((((((((((((((((((((((((((((((((((((
Fall(of(workers(because(of(inattention;(elements X X X X

Name:(Installing(and(connecting(appliances Evaluation(place:(in(drawings

Risks(indentifications(and(its(causes Probability(of(the(
event

Determined(precaution Consequence Risks(assessments(with(
precaution(applied

Date:(14/05/2014 R P C Cl Pi S PP L G Mo T To M l ln
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R Cl L T
P Pi( G To(
C( PP Mo( M

S I
In

Remote Collective Slight Trivial(risk
Possible Individual(Protection Serious(injury Tolerable(risk
Certain Preventive(Procedures Fatal(injury Moderate(risk

Signs Important(risk
Intolerable(risk

Risks%assessments%with%precaution%
applied

ConsequenceDetermined%precaution
Probability%of%the%event

In(complying(with(the(current(legislation,(in(this(evaluation(we(consider("avoided(risks"(all(qualified(as("trivial"(or("tolerable";(the(rest(of(the(qualificatios(are(considered("not(avoided(
risks";(for(operative(criteria(unification,(replace(the(nominal(lists(as(unnecessary

DESIGNED%LABOUR%RISK%PREVENTION,%JOINT%EFFICIENCY%IS%EVALUATED

Collective%prevention:
Cones,(ribbons,(drinking(water,(firs(aid(bag.
Individual%protection%equipment:
Gloves,(working(clothes((shirt(with(sleaves(and(long(trousers),(safety(boots(with(ankle(support,(reflective(vest,(safety(glasses,(safety(helmet.
Signs:
"Do(not(enter,(work(in(progress"Ksigns(around(the(site,(working(area(well(defined.
Prevention%procedure:
Knowledge(of(the(HS(plan(for(all(workers(involved,(including(subcontractors.
Prohibition(of(carrying(loads(more(than(25(kgs(for(men(and(20(kgs(for(women.
Ensure(a(lifeline(on(the(construction(lot(in(order(to(avoid(any(stepping(on(wires(or(elements(and(coKworking(areas
Keeping(the(lot(clean(at(any(time
Working(in(shifts

Non%traumatic%pathologies%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
Cutting(one's(finger(when(moving(a(fence X X X X X
Exposure%to%radiation%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
Risk(of(heat(stroke(when(working(outside X X X X X X

Accidents%caused%by%living%beings((((((((((((((((((((((((((((((((((((((((((((
Mistake,(when(placing,(the(fence(may(fall(down X X X X X
Stepping%on%objects%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
Stepping(on(elements((wood,(tools(or(others)((((((((((((((((((( X X X X X

Colliding%with%still%objects%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
Colliding(with(other(construction(elements( X X X X X
Colliding%with%objects%in%motion%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
People(may(hit/be(hit(by(fences(being(installed X X X X X X

Fall%of%objects%because%of%manipulation%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(
If(moved(and(installed(incorrectly,(fences(may(fall(
down(

X X X X X

Overexertion%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(
Workers(might(get(tired(after/while(installing(fences X X X X X X
Fall%of%persons%at%the%same%level%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
Fall(of(workers(because(of(inattention(when(carrying(
fences

X X X X X

Name:%Erecting/Removing%fences%around%the%site Evaluation%place:%in%drawings

Risks%indentifications%and%its%causes
Probability%of%the%

event
Determined%precaution Consequence

Risks%assessments%with%
precaution%applied

Date:%14/05/2014 R P C Cl Pi S PP L G Mo T To M l ln
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EMERGENCY	   PROCEDURE	   –	   GENERAL	   COORDINATION	  
PLAN	  
	  

On-going case n° 
 Date : 11/21/13 References 

page 77/90 

PGC Indice 0 / Solar Decathlon 2014– VERSAILLES 

 

 

IN THE EVENT OF AN ACCIDENT 
 
 
 
 

Call the Fire Service 
 
 
 
 
 

and say: 

  18 
 
Mobile: 112 

 
 
 
 

1.  THIS IS THE CONSTRUCTION SITE: CITE DU SOLEIL 2014 
Address:     Domaine du château de Versailles 

Allée des Matelots 
VERSAILLES 

 
Telephone No: 

 
 
 
 
2. SPECIFY THE NATURE OF THE ACCIDENT: 

For example: fall, a collapsed construction, asphyxiation etc.  
THE POSITION OF THE INJURED PERSON: They are on the patio, on the ground, or 
in a cavity etc  and if they need to be released because they are trapped. 

 
Specify if the accident occurred in the water.  

 
 
 
3. R E P O R T  T H E  N U M B E R  O F  I N J U R E D  P E R S O N S  A N D  
T H E I R  C O N D I T I O N  

For example: Three workers injured including one who is bleeding a lot and is not talking.  
 
 
 
4. A R R A N G E  A  M E E T I N G  P L A C E  

Send someone to the entrance of the construction site to direct emergency services.  
 
 
 
 
 

NEVER END THE CALL FIRST  

IMMEDIATELY INFORM THE CONTROL ROOM 
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Detailed	  Water	  Budget	   473	  

	  

	  

	  

11. DETAILED WATER 
BUDGET 
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Detailed	  Water	  Budget	   474	  

	  

	  
	  
	  

 

23-Jun-14: 
-‐Fresh	  water	  tank	  filling,	  for	  cold	  water	  loop	  (tapping).	  1000	  L.	  
-‐Buffer	  tank	  (for	  radiant	  floor)	  filling,	  750	  L	  for	  the	  buffer	  tank	  and	  25-‐30	  L	  estimated	  to	  fill	  
the	  radiant	  floor	  pipes.	  

 23-Jun-14: 
-‐	  	  additional	  100	  L	  could	  be	  supplied	  to	  fill	  the	  amount	  of	  water	  used	  from	  the	  team	  to	  test	  
the	  appliances	  of	  the	  house.	  
 

	  
27-‐Jun-‐
14	   28-‐Jun-‐14	  

29-‐Jun-‐
14	  

30-‐Jun-‐
14	  

01-‐Jul-‐
14	  

02-‐Jul-‐
14	  

03-‐Jul-‐
14	   04-‐Jul-‐14	  

05-‐Jul-‐
14	  

	  
Comp.	  
opening	   	   	   	   	   	   	   	   	  

	   	   	   	   	   	   	   	   	   	  
Fresh	  water	  

daily	  
consumption	   	   	   	   209.5	   174	   209.5	   183.5	   206.5	   	  
Grey	  water	  

daily	  production	   	   	   	   197	   147	   197	   147	   197	   	  
Clothes	  washer	   -‐	   -‐	   -‐	   47	   47	   47	   47	   47	   -‐	  

Shower	  (hot	  
water	  draws)	   -‐	   -‐	   -‐	   150	   100	   150	   100	   150	   -‐	  
Water	  basin	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	  
Black	  water	  

daily	  production	   	   	   	   12,5	   27	   12,5	   36,5	   9,5	   	  
Kitchen	  sink	  

(dinner	  24L	  and	  
cooking	  3L)	   -‐	   -‐	   -‐	   3	   27	   3	   27	   -‐	   -‐	  
Dishwasher	   -‐	   -‐	   -‐	   9,5	   -‐	   9,5	   9,5	   9,5	   -‐	  

	   	   	   	   	   	   	   	   	   	  
Water	  for	  

cleaning	  and	  
irrigation	   	   	   	   30	   30	   30	   30	   30	   30	  

	   	   	   	   	   	   	   	   	   	  
Possible	  rain	  
per	  day	  (used	  

for	  Hydroponic	  
agriculture)	   150	   150	   150	   150	   150	   150	   150	   150	   150	  

	   06-‐Jul-‐14	   07-‐Jul-‐14	  
08-‐Jul-‐

14	   09-‐Jul-‐14	  
10-‐Jul-‐

14	  
11-‐Jul-‐

14	  
12-‐Jul-‐

14	   13-‐Jul-‐14	  
14-‐Jul-‐

14	  

	   	  
Water	  

delivery/water	   	   	   	   	   	   	   	  

11. DETAILED WATER BUDGET 
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Detailed	  Water	  Budget	   475	  

	  

delivery/water	  
removal:	  

	   	  

980	  L	  of	  fresh	  
water	  

estimated	  /96	  L	  
of	  black	  water	  
and	  600-‐700	  of	  
grey	  water	  (tot	  

max	  800	  lt)..	   	   	   	   	   	   	   	  
Fresh	  water	  

daily	  
consumption	   	   59,5	   50	   159,5	   233,5	   156,5	   	   	   	  
Grey	  water	  

daily	  production	   	   47	   47	   147	   197	   147	   	   	   	  
Clothes	  washer	   -‐	   47	   47	   47	   47	   47	   -‐	   -‐	   -‐	  

Shower	  (hot	  
water	  draws)	   -‐	   -‐	   -‐	   100	   150	   100	   -‐	   -‐	   -‐	  
Water	  basin	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	   -‐	  
Black	  water	  

daily	  production	   	   12,5	   3	   12,5	   36,5	   9,5	   	   	   	  
Kitchen	  sink	  

(dinner	  24L	  and	  
cooking	  3L)	   -‐	   3	   3	   3	   27	   -‐	   -‐	   -‐	   -‐	  
Dishwasher	   -‐	   9,5	   -‐	   9,5	   9,5	   9,5	   -‐	   -‐	   -‐	  

	   	   	   	   	   	   	   	   	   	  
Water	  for	  

cleaning	  and	  
irrigation	   30	   30	   30	   30	   30	   30	   30	   30	   30	  

Possible	  rain	  
per	  day	   	   	   	   	   	   	   	   	   	  

(Used	  for	  
Hydroponic	  
agriculture)	   150	   150	   150	   150	   150	   150	   150	   150	   150	  

 

15-Jul-14:  
Water	  removal	  
70	  L	  of	  black	  water,	  350	  L	  of	  grey	  water	  and	  around	  320	  lt	  could	  be	  still	  in	  the	  fresh	  water	  
tank.	  To	  this	  amount	  the	  750	  lt	  volume	  of	  the	  buffer	  tank	  used	  to	  store	  the	  radiant	  floor	  
water,	  needs	  to	  be	  added	  (tot	  Max	  1500	  lt).	  
 

	  
Volume	  in	  liters,	  calculated	  based	  on	  the	  
above	  consumption	  calendar	  

Size	  for	  selected	  
tanks	  	  

Fresh	  water	   983	   1005	  
Black	  water	   95	   96	  
Grey	  water	   675	   1000*	  

*Grey	  water	  tank	  has	  been	  oversized	  the	  most	  because	  of	  the	  degree	  of	  uncertainty	  about	  the	  amount	  
water	  used	  for	  irrigation	  and	  cleaning.	  
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The	   tank,	   where	   the	   grey	  water	   will	   be	   stored	   after	   treatment	   and	   from	  which	   it	   will	   be	  
redistributed	  to	  the	  vegetation	  for	  irrigation	  should	  be	  of	  a	  minimum	  capacity	  of	  675	  lt.	  The	  
tank	  chosen	  that	  satisfies	  the	  restrictions	  set	  and	  emerged	  from	  design	  is	  the	  No.	  16509	  of	  
RengøringsLageret.	  

 
Figure:	  Grey	  water	  tank	  (No.16509,	  RengøringsLageret)	  

  
It	  is	  a	  flat	  tank	  of	  a	  1000	  lt	  volume	  capacity.	  It	  is	  made	  of	  solid	  polyethylene	  material	  and	  its	  
construction	   is	   very	   practical.	   It	   consists	   of	   strong	   plastic	   and	   is	   very	   lightweight.	   In	  more	  
detail,	  it	  is	  590	  mm	  high,	  1240	  mm	  wide	  and	  1590	  mm	  long.	  It	  weighs	  60	  kg.	  Moreover,	  the	  
quality	  is	  professional	  and	  it	  is	  characterized	  by	  industrial	  strength.	  It	  is	  resistant	  to	  corrosion	  
and	  does	  not	  require	  maintenance.	  The	  output	  on	  top	  has	  a	  25.4	  mm	  diameter	  and	  is	  made	  
of	  stainless	  steel67.	  
The	  same	  tank	  will	  be	  used	  also	  as	  a	  reservoir	  for	  fresh	  water.	  The	  required	  volume	  demand	  
is	  983	  lt	  at	  least.	  Its	  position	  is	  on	  the	  north	  side	  of	  the	  house,	  outside	  the	  so	  called	  “hobby	  
room”.	  It	   is	  placed	  at	  the	  level	  of	  the	  and	  	  floor.	  It	  will	  be	  fully	  covered	  by	  a	  rigid	  envelope	  
which	  hides	  the	  reservoir,	  transforming	  it	  in	  a	  bench.	  This	  is	  done	  in	  order	  to	  protect	  it	  from	  
solar	   gains	   and	   keep	   it	   separated	   by	   the	   grey/black	   tanks.	   This	   space	   is	   considered	   fully	  
shaded	  and	  outside	  the	  measurable	  area,	  as	  stated	  in	  rule	  8.1.	  
The	  location	  above	  the	  floor	  deck	  will	  allow	  easy	  accessibility	  for	  the	  installation	  of	  the	  SDE	  
Organization	  flow	  meter.	  
	  
	  
	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  

67  Vandtank,	  flad	  sektionsopdelt	  1000	  ltr.	  -‐	  Vandtanke	  med	  sektionsopdeling	  –	  RengøringsLageret.	  2014.	  
Vandtank,	  flad	  sektionsopdelt	  1000	  ltr.	  -‐	  Vandtanke	  med	  sektionsopdeling	  -‐	  RengøringsLageret.	  
[ONLINE]	  Available	  at:	  http://www.rengoeringslageret.dk/produkter/239-‐vandtanke-‐med-‐
sektionsopdeling/3426-‐vandtank-‐flad-‐sektionsopdelt-‐1000-‐ltr/.	  [Accessed	  09	  April	  2014].	   
67 

11.1 GREY WATER AND FRESH TANK (2X) 
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Black water tank 
The	   black	  water	   tank	   is	   only	   aiming	   to	   host	   black	  water	   till	   its	   removal.	   Thus,	   no	   specific	  
characteristics	  had	  to	  be	  taken	  into	  account,	  apart	  from	  the	  volume	  capacity.	  The	  minimum	  
capacity	  has	  to	  be	  95	  lt,	  based	  on	  competition	  calendar.	  The	  tank	  selected	  is	  a	  simple	  tank	  
for	  storage	  of	  liquids,	  a	  96	  lt	  of	  volume,	  which	  will	  be	  
beneath	  the	  floor	  deck,	  at	  the	  kitchen	  side	  (west	  facade).	  It	  is	  located	  in	  the	  floor	  in	  order	  to	  
protect	  it	  from	  solar	  gains.	  This	  space	  is	  considered	  fully	  shaded	  and	  outside	  the	  measurable	  
area,	  as	  stated	  in	  rule	  8.1.	  
	  It	  will	  be	  easily	  accessible	  to	  be	  emptied,	  thanks	  to	  an	  openable	  door	  at	  the	  floor	  deck	  level.	  
The	   location	   right	   beyond	   the	   kitchen,	   allows	   the	   exhaust	  water	   to	   flow	  directly	   just	  with	  
slope.	  

 
Figure: Black water tank (No. 96- 10 CB, DRP & Danish industry) 

	  
It	  is	  330	  mm	  high,	  820	  mm	  long	  and	  415	  mm	  wide.	  It	  weighs	  6	  kg	  and	  is	  3-‐4	  mm	  thick.	  Such	  a	  
tank	   is	   commonly	   used	   as	   a	   camping	   and	   boat	   tank	   for	   storing	   of	   liquids	   and	   has	   been	  
designed	  by	  DRP	  &	  Danish	   industry.	   It	   is	  made	  of	  PE	  and	  has	  been	  produced	  by	   rotational	  
molding.	   It	   is	  also	  equipped	  with	  a	  screw	  cap	  and	  might	  be	  used	  standing	  upright	  or	   laying	  
down68.	   It	  will	   be	  provided	  with	   a	  hole	  of	   70	  mm	  on	   the	   top	   to	   inlet	   the	  drain	  water	   and	  
another	   of	   140mm	   (inspection	   door)	   to	   allow	   a	   simple	   water	   removal	   from	   the	   SDE	  
Organization.	  
	    

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  

68  Camping	  –	  and	  boat	  tank	  -‐	  Dansk	  Rotations	  Plastic	  ApS.	  2014.	  Camping	  –	  and	  boat	  tank	  -‐	  Dansk	  
Rotations	  Plastic	  ApS.	  [ONLINE]	  Available	  at:	  http://plasttank.com/tanke/111-‐camping-‐and-‐
badtank.html.	  [Accessed	  09	  April	  2014]. 
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Tank*	   Size	  (HxLxW	  mm)	   Fitting	  1	   Fitting	  2	   Fitting	  3	  
Potable	  water	  	   590x1240x1590	  

(1000	  lt)	  
House	   water	  
supply,	  25	  mm	  

Inspection	   door	  
to	   be	   used	   for	  
water	   delivery	   if	  
Φ	  >	  131mm	  

Inspection	   door	  
to	   be	   used	   for	  
water	   delivery	   if	  
Φ	  >	  131mm	  

Black	  water	   330x820x415	  
(96	  lt)	  

Water	   removal,	  
140	  mm	  

Exhausted	   water	  
inlet,	   from	   70	  
mm	  	  

-‐	  

Grey	  water	   590x1240x1590	  
(1000	  lt)	  

Inspection	   door	  
to	   be	   used	   for	  
water	   delivery	   if	  
Φ	  >	  131mm	  

Exhausted	   water	  
inlet	  
70	  mm	  

Outlet	  for	  
irrigation,	  25	  mm	  

 
For	  more	  detail	  about	  the	  layout,	  see	  drawing	  PL-‐001.	  

 
 
 

A	  water	  meter	  will	  be	  installed	  by	  the	  SDE	  Organization,	  between	  the	  water	  pump	  and	  the	  
water	  distribution	  circuit	  of	  the	  house	  (See	  drawing	  Pl-‐101	  and	  PL-‐001).	  
The	   nominal	   diameter	   of	   the	   inlet	   and	   outlet	   of	   meters	   is	   15	   mm.	   Pipes	   with	   the	   same	  
external	  diameter	  have	  been	  selected	  upstream	  and	  downstream.	  	  
The	  dimensions	  of	  the	  flow	  meter	  are:	  

 

11.2 TANK FITTINGS 

11.3 WATER METERS 
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Valves	   on-‐off	   will	   be	   installed	   to	   exclude	   the	   flow	   meter	   from	   the	   loop	   in	   case	   of	  
assembly/disassembly	   or	   if	   maintenance	   is	   needed.	   One	   upstream	   and	   the	   other	   one	  
downstream.	  Flow	  meter	  will	  be	  located	  inside	  the	  technical	  room	  of	  the	  house,	  under	  the	  
floor	  deck,	  accessible	  from	  a	  openable	  cabinet	  in	  the	  floor.	  

Water supply pump: 

 
Grundfos	  pressurizing	  pumps	  for	  water	  distribution.	  Dimensions	  considered	  for	  model	  CMB-‐SP	  1-‐36	  or	  

CMB-‐SP	  3-‐28.	  
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Layout: 
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12.	   PROJECT 
SPECIFICATIONS 
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Enclosure	   External	  cladding	  on	  the	  Thermal	  Envelope:	  
North:	  Osb	  plates	  and	  Weather	  Shield	  
West:	  Osb	  plates	  
South:	  Osb	  plates	  and	  Weather	  Shield	  
East:	  Troldtekt	  acoustic	  boards	  

Openings	   Windows:	  
South	  (Living	  room)	  	  
Size:	  2350x1300mm	  
Type:	  Futura+i	  (Idealcombi)	  
	  
South	  23	  degree	  skylight	  
Size:	  1300x900mm	  
Type:	  Triple	  glazing	  (no	  sponsor	  yet)	  
	  
North	  (Flex	  room)	  
Size:	  2300x600mm	  
Type:	  Futura+i	  (Idealcombi)	  
	  
North	  67	  degree	  Skylight	  (Bedroom)	  	  
Size:	  940x1600mm	  
Type:	  Velux,	  GGU	  Integra	  PK10	  006621	  
	  
Doors:	  
East	  (Bedroom)	  
Size:	  2100x900mm	  
Type:	  Futura+i	  (Idealcombi)	  
	  
East	  (Flex	  room)	  
Size:	  2100x900mm	  
Type:	  Futura+i	  (Idealcombi)	  
	  
East	  (Dining	  area)	  
Size:	  2100x1800mm	  
Type:	  Futura+i	  (Idealcombi)	  

Partitions	   The	  internal	  walls:	  	  
The	  surfaces	  in	  the	  living	  zones	  and	  kitchen	  are	  cladded	  with	  a	  layer	  of	  osb	  
plates	  and	  covered	  with	  gypsum	  and	  painted	  white.	  	  
The	  walls	  in	  the	  bathroom	  is	  cladded	  with	  tiles	  from	  floor	  to	  ceiling.	  

Finishes	   The	  facade	  walls	  on	  the	  inside:	  
South	  wall,	  ceiling,	  north	  1.floor	  wall:	  Troldtekt	  acoustic	  plates	  

12. PROJECT SPECIFICATIONS 

12.1. ARCHITECTURE 
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East,	  west,	  north	  ground	  floor:	  Stained	  wooden	  boards	  	  

Furnishings	   The	  integrated	  furnitures:	  
Stairs,	  couch	  and	  kitchen:	  White	  wooden	  boards	  on	  horizontal	  surfaces	  and	  
osb	  on	  the	  vertical	  surfaces.	  Kitchen	  tabletop	  stainless	  steel.	  

 
 
 
 
 
 

 
 
 
 

● Fire Suppression 
● Plumbing 

 
See	  drawing	  PL-‐001	  for	  Versailles	  plumbing.	  
Differences	  in	  the	  Copenhagen	  scenarios:	  
1)	  Toilet,	  dishwasher	  and	  kitchen	  sink	  will	  be	  connected	  to	  city	  sewerage	  grid.	  
2)	  Fresh	  water	  will	  be	  supplied	  by	  citygrid,	  so	  the	  supply	  pump	  and	  fresh	  water	  tank	  will	  be	  
removed	  
3)	   In	  the	  Copenhagen	  scenario	   is	  expected	  to	  move	  the	   location	  of	  washing	  machine,dryer	  
and	   grey	  water	   tank.	   The	   actual	   location	   is	   to	   show	   how	   the	   hobby	   room	   can	   be	   shared	  
between	  two	  dwellings,	  in	  this	  case	  sharing	  those	  appliances.	  	  

Versailles scenario: 
	  

 
Grey water and washing machine location in Paris: 

 

12.2. SYSTEMS INSTALLATIONS 
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During	   the	   competition	   the	   house	   has	   to	   be	   independent,	   therefore	   needs	   all	   the	  
equipment,	  both	  HVAC	  installation	  and	  washing	  machine	  and	  dryer.	  

Copenhagen scenario: 

 
Grey	  water	  and	  washing	  machine	  location	  in	  Copenhagen:	  

·∙	  	  	  	  	  	  	  	  	  
The	  HVAC	  equipment	   is	   capable	  of	   providing	  heating	   and	   cooling	   for	   4	   houses.	   The	  HVAC	  
system	   is	   located	   in	   independent	   building,	   located	   on	   the	   roof	   top.	   This	   means	   that	   the	  
rooms	   used	   as	   Technical	   Rooms	   are	   free,	   thus	   the	   washing	   machine	   and	   the	   dryer	   can	  
occupy	  the	  Ex-‐Technical	  Rooms	  of	  two	  houses	  	  and	  be	  shared	  among	  4	  houses	  as	  well.	  Also	  
the	  grey	  water	  tank	  can	  be	  located	  in	  the	  same	  space,	  in	  this	  way	  the	  risks	  of	  water	  freezing	  
both	  in	  the	  pipes	  and	  in	  the	  reservoir	  is	  avoided.	  
	  
	  

HVAC 
See	  drawing	  ME-‐201	  for	  HVAC	  design	  system	  of	  the	  competition	  house.	  As	  it	  is	  stated	  in	  the	  
Energy	   Efficiency	  Design	  Narrative	   under	   chapter	   ‘Team	  Energy	   Strategy’	   for	   the	   house	   in	  
Nørdhavn,	  there	  will	  be	  no	  solar	  thermal	  panels,	  but	  instead	  the	  house	  will	  be	  connected	  to	  
the	  district	  heating	  network	  of	  the	  city	  for	  the	  supply	  of	  the	  DHW	  and	  space	  heating.	  When	  
no	   connection	   to	   district	   heating	   is	   available,	   EMBRACE	   offers	   an	   alternative	   solution,	   to	  
utilize	   heated	   exhaust	   air	   from	   existing	   structure	   through	   an	   air-‐to-‐water	   heat	   pump.	  
Moreover,	  according	  to	  drawing	  ME-‐201	  in	  the	  competition	  house	  unglazed	  solar	  collectors	  
will	  be	  installed	  in	  order	  to	  provide	  cold	  water	  through	  the	  operation	  of	  nighttime	  radiative	  
cooling,	  which	  will	  be	  used	   for	   space	  cooling	  purposes.	   In	  Copenhagen	   there	   is	  no	  cooling	  
demand,	  therefore	  no	  unglazed	  solar	  collectors	  will	  be	  installed.	  

 

Electrical 
The	   Electrical	   system	   shown	   in	   EL	   drawings	   and	   described	   in	   PM	   is	   designed	   and	  
implemented	  in	  the	  competition	  house.	  The	  same	  system	  applies	  for	  the	  house	  in	  Nordhavn.	  
Regarding	  the	  PV	  system,	  the	  house	  designed	  for	  Danish	  context,	  will	  have	  all	  the	  PV	  panels	  
on	  the	  Weather	  Shield	  connected	  to	  the	  inverter	  resulting	  to	  a	  higher	  installed	  power.	  This	  is	  
due	  to	  the	  limitation	  imposed	  on	  the	  installed	  power	  allowed	  for	  the	  competition	  prototype.	  
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Solar Systems - Photovoltaic and thermal: 
In	   Copenhagen	   no	   solar	   thermal	   will	   be	   implemented.	   Hot	   water	   will	   be	   obtained	   either	  
thanks	  to	  district	  heating	   if	  available	  or	  thanks	  to	  active	  heat	  recovery	  from	  the	  exhausted	  
ventilation	  of	  the	  existing	  building	  underneath.	  	  
In	   Copenhagen	   more	   than	   5	   kWp	   of	   photovoltaic	   panels	   will	   be	   installed	   so	   that	   the	  
electrical	  energy	  produced	  by	  Embrace	  will	  provide	  also	  the	  existing	  building.	  	  
	  

Telecommunications and Building Automation 
The	   Automation	   system	   designed	   for	   EMBRACE	   applies	   both	   for	   the	   competition	   and	   the	  
Danish	   context.	   Furthermore,	   all	   the	  measurement	  data	   from	   the	  house	   are	   stored	   in	   the	  
cloud	  so	  they	  are	  accessible	  from	  everywhere.	  
	   	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Project	  Specifications	   486	  

	  

 
All	  the	  appliances’	  manuals	  are	  delivered	  in	  a	  separated	  folder.	  
	  
List	  of	  companies	  selected	  and	  main	  features:	  
	  	  
-‐	  Whirlpool	  
-‐	  Electrolux	  
-‐	  Siemens	  
-‐	  Smeg	  
-‐	  Miele	  
	  	  
When	  possible,	  the	  appliances	  have	  been	  selected	  so	  that	  a	  connection	  with	  the	  DHW	  loop	  
is	  possible.	  The	  energy	  label	   is	  A+++for	  most	  of	  them.	  For	  the	  specific	  design	  the	  European	  
market	  has	  been	  preferred	  to	  maintain	  a	  sustainable	  approach.	  	  	  

FRIDGE / FREEZER 

 Technical specifications 
	  

Data	  sheet	  for	  household	  electric	  refrigerators	  and	  freezers	  and	  their	  combinations	  
According	  to	  Regulation	  (EU)	  No	  1060/2010.	  

Company	   	   Electrolux	  

Model	  name	   	  	   EN3613AOW	  

Energy	  efficiency	  class	   	  	   	  	  

A	  +	  +	  +	  (most	  efficient)	  to	  G	  
(least	  efficient)	  

	  	   A	  +	  +	  +	  

Energy	  consumption	   kWh/year	  
kWh/day	  

156	  
0.427	  

Net	  capacity,	  overall	  refrigerator	  
compartment	  

L	   245	  
According	  to	  sub-‐contest	  6.1,	  the	  net	  volume	  

should	  be	  a	  minimum	  of	  170	  L	  

Net	  capacity,	  freezer	   L	   90	  
According	  to	  sub-‐contest	  6.1,	  the	  net	  volume	  

should	  be	  a	  minimum	  of	  57	  L	  

12.3. APPLIANCES AND HOME ELECTRONIC 
EQUIPMENT SPECIFICATIONS AND USER MANUAL 

12.3.1 SPECIFICATIONS AND USER MANUALS 
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Sound	  level	   dB(A)	   39	  

  
The	   total	   space	   for	   refrigeration	   is	   245	   Liters	  which	   is	  more	   than	   170	   as	   required	   by	   sub-‐
contest	  6.1.	  Also	  the	  space	  for	  freezer	  is	  higher	  than	  that	  stated	  by	  sub-‐contest	  6.2	  (90	  and	  
57	  Liters	  respectively).	  

User manual 
  
According	   to	   sub-‐contest	  6.1	  and	  6.2,	   full	  points	  are	  earned	  when	   the	   temperature	  of	   the	  
fridge	   is	   between	   1°C	   and	   4.5°C.	   Concerning	   the	   freezer,	   the	   temperature	   should	   be	  
between	  -‐29°C	  and	  -‐15°C.	  
	  	  
Translation	  of	  page	  7	  of	  the	  user	  manual:	  
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“.	  .	  .	  Press	  the	  temperature	  button	  to	  set	  the	  
temperature.	  
Set	  default	  temperature:	  
•	  +4°C	  for	  the	  fridge	  
•	  -‐18°C	  for	  the	  freezer	  
The	  temperature	  indicators	  show	  the	  set	  
temperature.	  
The	  set	  temperature	  will	  be	  reached	  within	  
24	  hours.”	  
	  	  
	  	  

WASHING MACHINE 

Technical specifications 
 
Connected	  with	  the	  hot	  water	  circuit	  (HWC).	  The	  heat	  is	  mainly	  provided	  by	  solar	  collectors	  
and	  transferred	  	  to	  the	  machine	  through	  an	  heat	  exchanger.	  
	  	  

Data	  sheet	  for	  household	  washing	  machines,	  according	  to	  Regulation	  (EU)	  No	  1060/2010	  

Company	   	   Siemens	  

Model	  name	   	  	   WM14Q410DN	  

Nominal	  capacity	   kg	   7.0	  
According	  to	  sub-‐contest	  6.3.	  a	  load	  of	  
approximately	  2.5	  kg	  will	  be	  washed	  

Energy	  efficiency	  class	   	  	   	  	  

Energy	  efficiency	  class	  
A	  +	  +	  +	  (most	  efficient)	  to	  D	  
(lowest	  efficiency)	  

	  	   A	  +	  +	  +	  

Annual	  energy	  consumption	  
(AE_c)	  1)	  

kWh	  /	  year	   174	  

Energy	  consumption	  (E_t.60)	  
Cottons	  60	  °	  C	  at	  full	  load	  

kWh	   0.81	  

Energy	  consumption	  (E_t.60.1	  
/	  2)	  60	  °	  C	  cotton	  at	  partial	  load	  

kWh	   0.78	  

Energy	  consumption	  (E_t.40.1	  
/	  2)	  cotton	  40	  °	  C	  
at	  partial	  load	  

kWh	   0.66	  

Water	  Consumption	  per	  cycle	   L/cycle	   from	  34	  to	  66	  lt	  (59	  average)	  

Washing	  class	   	  	   A	  
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A	  +	  +	  +	  (most	  efficient)	  to	  D	  
(lowest	  efficiency)	  

Spinning	  class	  
A	  +	  +	  +	  (most	  efficient)	  to	  D	  
(lowest	  efficiency)	  

	  	   B	  

  

User manual 
Automatic	  start	  function,	  extract	  of	  Page	  4	  of	  the	  user	  manual.	  
 

 
 

Program available (including wash and rinse cycle details) 
 
According	  to	  sub-‐contest	  6.3.	  the	  "normal"	  mode	  will	  be	  selected	  during	  the	  competition.	  
Extract	  of	  page	  7	  of	  the	  user	  manual:	  
	  
	  



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Project	  Specifications	   490	  

	  

 
 
There	   is	   no	  mode	   called	   “Normal”	  or	   “Regular”.	   The	   “Mix”	  mode	  has	  been	   identified	  as	   a	  
standard	  washing	  cycle.	  It	  would	  be	  selected	  if	  approved	  by	  the	  SDE	  Organization.	  This	  mode	  
uses	  water	  at	  40	  °C	  to	  clean	  cotton	  or	  synthetic	  fabrics	  with	  a	  load	  of	  max	  3.5	  kg	  which	  fits	  
with	   the	   approximate	   load	  of	   2.5	   kg	  provided	  by	   the	   SDE	  Organization.	   The	   length	  of	   this	  
cycle	  is	  1	  hour.	  	  
As	   second	   option	  we	  would	   select	   the	   cycle	   Strygelet	   Special	   (Easy-‐Care):-‐	   40	   °C	   for	   dark	  
cotton	  and	  dark	  synthetic	  fabrics.	  The	  length	  of	  this	  cycle	  is	  1	  hour	  and	  45	  min.	  	  
 

Temperature requirement 
 
The	  temperature	  should	  reach	  40	  °C,	  this	  is	  the	  case	  with	  the	  program	  selected	  (Mix)	  in	  the	  
Programs	  available	  section.	  FRom	  page	  5	  of	  the	  User	  Manual:	  

 
 

Rinse and wash cycle 
 
According	  to	  the	  rule	  of	  sub-‐contest	  6.3.,	  the	  washer	  should	  operate	  with	  at	  least	  one	  wash	  
and	  rinse	  cycle.	  
	  	  
Page	  5	  of	  the	  user	  manual.	  
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Visible signal for end of program 
 
Extract	  from	  Page	  2	  of	  the	  user	  manual:	  
 

 
  

 CLOTH DRYER 

Technical specifications 
  
Versailles	  prototype:	  the	  clothes	  drying	  method	  that	  we	  plan	  to	  use	  during	  the	  competition	  
is	  combined,	  a	  combination	  of	  active	  and	  passive	  drying.	  
See	  drawing	  ID-‐005	  for	  location	  of	  active	  and	  passive	  drying	  systems.	  
	  
Miele	   has	   developed	   a	   low	   energy	   dryer	   that	   uses	   the	   heat	   from	   solar	   collector	   to	   dry	  
clothes69.	  As	  for	  domestic	  hot	  water,	  the	  solar	  fluid	  heats	  the	  water	  in	  a	  water	  tank.	  The	  hot	  
water	  then	  flows	  to	  the	  dryer	  and	  heats	  up	  the	  air	  in	  the	  tumble	  via	  a	  heat	  exchanger.	  The	  
cooled	  water	  returns	  to	  the	  tank	  to	  be	  reheated	  and	  reused.	   In	  another	   loop	  cold	  water	   is	  
supplied	   to	   the	  dryer	   to	   condensate	   the	  water	   and	   remove	  moisture	   from	   the	  dryer.	   This	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
69	  http://www.miele-‐presse.de/de/en/press/article/artikel_123_2011.aspx	  
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warmer	  water	  is	  also	  going	  back	  to	  the	  tank	  where	  it	  can	  be	  reheated.	  The	  operation	  of	  the	  
solar	  dryer	  is	  shown	  in	  the	  figure	  below.	  The	  product	  code	  is	  T8881S.	  
This	   technology	   enables	   a	   saving	   of	   up	   to	   80%	   of	   the	   operational	   cost	   compared	   to	   a	  
condenser	  dryer.	  The	  primary	  energy	  efficiency	  can	  reach	  80%.	  This	  results	  in	  a	  consumption	  
of	  0.74	  kWh	  per	  cycle	  of	  116	  min	  (7	  kg).	  
	  

 
	  
Copenhagen	   scenario:	   the	   dryer	   has	   to	   be	   connected	   to	   the	   electricity	   system,	   since	   in	  
Copenhagen	  the	  solar	  collectors	  are	  not	  utilized.	  An	  A+++	  electric	  clothes	  dryers,	  equipped	  
with	   an	   integrated	   heat	   pump,	   have	   been	   selected	   from	   Miele	   company	   (T8877	   WP	   -‐
EcoComfort70).	   This	   machine	   is	   able	   to	   adapt	   according	   to	   the	   load	   it	   receives	   and	   has	   a	  
humidity	  sensor	  to	  avoid	  over	  drying.	  The	  consumption	  per	  cycle	  for	  standard	  cotton	  mode	  
is	  1	  kWh	  per	  cycle	  of	  145	  min.	  for	  a	  capacity	  of	  7	  kg.	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
70	  http://www.miele.dk/privat/toerretumblere-‐1575.htm?mat=09653410&name=T_8877_WP_EcoComfort	  
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Data	  sheet	  for	  household	  electric	  clothes	  dryer	  in	  Versailles	  prototype	  according	  to	  Regulation	  (EU)	  No	  392/2012:	  

	  

Company	   	  	   	  Miele	  

Model	  name	   	  	   T	  8881	  S	  

Nominal	  capacity	   kg	   7	  

Energy	  efficiency	  class	   	  	   	  	  

A	  +	  +	  +	  (most	  efficient)	  to	  D	  
(lowest	  efficiency)	  

	  	   A	  +	  +	  +	  

Annual	  energy	  consumption	  
(AE	  C)	  2)	  3)	  

kWh	  /	  year	   95	  

Energy	  consumption	  of	  the	  
standard	  cotton	  program	  2)	  

	  	   	  	  

Energy	  consumption	  at	  full	  load	  
(Edry)	  

kWh	   0.74	  

Energy	  consumption	  at	  partial	  
load	  (Edry	  ½)	  

kWh	   0.45	  

Condensation	  efficiency	  class	  
2)	  
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Condensation	  efficiency	   	  	   	  	  

A	  (most	  efficient)	  to	  G	  (least	  
efficient)	  

	  	   A	  

Condensation	  efficiency	  at	  full	  
load	  (Cdry)	  

%	   92	  

Condensation	  efficiency	  at	  
partial	  load	  (Cdry	  ½)	  

%	   90	  

DISHWASHER 

 Technical specifications 
 
Connected	  with	  the	  hot	  water	  circuit	  (HWC).	  The	  heat	  is	  mainly	  provided	  by	  solar	  collectors	  
and	  transferred	  	  to	  the	  machine	  through	  an	  heat	  exchanger.	  
  

Company	   	   Smeg	  

Model	  name	   	  	   STA4525	  

Annual	  water	  consumption	   L/year	   2660.00	  

Energy	  efficiency	  class	   	  	   A++	  

Efficiency	  class	  of	  washer	   	  	   A	  

Energy	  efficiency	  class	  of	  dryer	   	  	   A	  

Energy	  consumption	  (for	  a	  
standard	  program	  cycle)	  

kWh	   0.74	  

Water	  consumption	  (for	  a	  
standard	  program	  cycle)	  

L	   9.5	  

Number	  of	  place	  settings	   	  	   10	  
According	  to	  the	  rule	  of	  sub-‐contest	  6.5.,	  the	  
dishwasher	  should	  have	  at	  least	  6	  place	  settings	  

  
  

User manual 
  
Translation	  of	  page	  5	  of	  the	  user	  manual.	  
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http://www.miele-‐presse.de/de/en/press/article/artikel_123_2011.aspx	  

 
“Information	  displayed	  :	  
Remaining	  time	  of	  the	  program	  
Delayed	  start”	  
 

Automatic start 
	  
The	  automatic	  start	  is	  shown	  on	  the	  control	  panel	  as	  translated	  in	  the	  visible	  signal	  section	  
above.	  

Programs and corresponding temperatures 
	  
According	   to	   the	   rule	  of	   sub-‐contest	  6.5.	   the	   "normal"	  mode	   should	  be	   selected,	   it	   has	   to	  
have	   at	   least	   one	   rinse	   and	  one	  wash	   cycle	   	   and	   the	   temperature	   should	   reach	  49°C.	   The	  
program	  number	   3	   “Eco”	   has	   been	   selected.	   The	   specific	   dishwasher	   is	   provided	  with	   the	  
ENERSAVE	  option.	  
Translation	  of	  page	  5	  of	  the	  user	  manual.	  
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Models	  with	  ENERSAVE	  option	  (this	  model	  is	  provided	  with	  this	  function)	  
 

 
 
So	  the	  temperature	  should	  reach	  49	  °C	  during	  the	  rinse.	  
From	  page	  9:	  
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Translation:	  

 
From	  “information	  sheet”	  pag	  297	  

 
Translation:	  

Energy	  performance	   	  

Energy	  consumption	  for	  
cycle	  (kWh	  /	  cycle)	  

0.74	  

Water	  consumption	  per	  cycle	  (Lt	  /	  cycle)	   9.5	  

-‐	   -‐	  

-‐	   -‐	  

Reference	  program	   ECO	  

Total	  running	  time	  of	  
program	  cycle	  of	  

175	  
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reference	  (min)	  

-‐	   -‐	  

-‐	   -‐	  

-‐	   -‐	  

 

Drying function option 
 
According	  to	  the	  rule	  of	  sub-‐contest	  6.5-‐c,	  If	  the	  dishwasher	  has	  a	  heated	  drying	  option,	  this	  
option	  shall	  be	  disabled.	  The	  previous	  table	  (beneath	  attached	  again)	  translated	  from	  page	  9	  
of	  the	  user	  manual,	  specify	  that	  the	  drying	  step	  can	  not	  be	  disabled	  if	  the	  ENERSAVE	  mode	  is	  
used.	  This	  means	  that	   if	   the	  ENERSAVE	  mode	  will	  be	  approved	  by	   the	  SDE	  Organization,	   it	  
will	  not	  be	  possible	  to	  disabled	  the	  drying	  function.	  

 

OVEN 

Technical specifications 
 

Company	   	  Whirlpool	  

Model	  name	   Induction	  Oven	  -‐	  6th	  sens	  
Starclean-‐	  Ligne	  Fusion	  

AKZM	  89/20/GK	  

 

Product	  size-‐
cavity	  

Large	  
	  	  

	  

Height	  of	  
product	  (mm)	  

595	  
	  	  
	  	  

Leading	  to	  a	  total	  volume	  
greater	  than	  the	  minimum	  of	  
55	  liters	  required	  in	  the	  rules	  
of	  sub-‐contest	  6.6	  
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Width	  (mm)	   595	  
	  	  

	  

Depth	  (mm)	   564	   	  

 
 

Energy	  
consumption	  
natural	  
convection	  
(kWh)	  

0.89	  
	  	  
	  	  
	  	  

Energy	  
consumption	  
forced	  air	  
convection	  
(kWh)	  

0.69	  

Energy	  
efficiency	  class	  

A	  (without	  the	  induction	  tray)	   	   	  
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User manual 

Temperature requirement, table of cooking modes:
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STOVE 

Technical specifications 

  
 

Model	  name	   	  	   Whirlpool	  	  ACM	  804/BA	  

Number	  of	  induction	  plates	   	  	   4	  

Depth	   mm	   510	  

Width	   mm	   580	  

Number	  of	  power	  levels	   	  	   9	  

Booster	   	  	   yes	  

Pan	  detection	   	  	   yes	  

Electrical	  connection	  rating	   W	   7200	  

 

TELEVISION 

 Technical specifications 

  
Philips	  3000	  series	  Full	  HD	  Slim	  LED	  TV	  with	  Digital	  Crystal	  Clear	  
	  	  
Picture/Display	  
•	  Display:	  LED	  Full	  HD	  
•	  Diagonal	  screen	  size:	  40	  inch	  /	  102	  cm	  
•	  Panel	  resolution:	  1920x1080p	  
•	  Aspect	  ratio:	  16:9	  
•	  Brightness:	  300	  cd/m²	  
•	  Picture	  enhancement:	  Digital	  Crystal	  Clear,	  100	  Hz	  
	  	  
Power	  
•	  Mains	  power:	  AC	  220	  -‐	  240	  V	  50/60Hz	  
•	  Ambient	  temperature:	  5	  °C	  to	  35	  °C	  
•	  Energy	  Label	  Class:	  A+	  
•	  Eu	  Energy	  Label	  power:	  44	  W	  
•	  Annual	  energy	  consumption:	  64	  kW·∙h	  
•	  Standby	  power	  consumption:	  <0.15W	  
•	  Power	  Saving	  Features:	  Auto	  switch-‐off	  timer,	  Eco	  
mode,	  Picture	  mute	  (for	  radio)	  
•	  Off	  mode	  power	  consumption:	  <	  0.15	  W	  
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 COMPUTER SCREEN 

Technical specifications 

  
LG,	  LED	  LCD	  monitor	  model	  27EA33V	  
 

 

 

DVD/BLU-RAY PLAYER 

Technical specifications 
  
LG,	  Blu-‐ray	  Disc™	  Player,	  model	  BP125	  
	  	  
•	  Blu-‐ray	  Disc™	  Playback	  
•	  DVD	  Playback	  
•	  Full	  HD	  1080p	  Upscaling	  
•	  Dolby®	  Digital/TrueHD	  
•	  DTS-‐HD	  
•	  Power	  12	  W	  
•	  Stand-‐by	  mode	  0.5	  W	  
 

OTHERS 
 

Dehydrator 
 
8.7	  liters	  capacity.	  550	  W	  power	  connection.	  
	  
http://www.elgiganten.dk/	  
product/husholdning/kokkenudstyr/SVS09L/sousvide-‐supreme-‐demi-‐sort-‐svs09l#tab-‐specs	  
	  

Vacuuming and floor washing 
 
http://www.philips.dk/c/stovsugere/aquatrio-‐stovsugning-‐og-‐gulvvask-‐fc7070_61/prd/	  
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	  	   kWh/ye
ar	  

Kwh	  
per	  
cycle	  

N°	  of	  
time	  
per	  
week	  

N°of	  
weeks	  

Min.	  per	  cycle	   kWp	   kW	  
averag

e	  

Dryer	  with	  	  DHW	   65	   0.74	   2	   44	   116	   	  	   	  0.4	  

Fridge-‐freezer	   156	   -‐	   -‐	   -‐	   -‐	   -‐	   0.02	  

Stove	   370	   1.2	   7	   44	   40	   7.2	   1.8	  

Oven	   86	   0.65	   3	   44	   60	   3.65	   0.7	  

Dishwasher	   163	   0.74	   5	   44	   175	   	  	   0.3	  

Clothes	  washer	   44	   0.5	   2	   44	   60	   	  	   0.5	  

Television/Comput
er	  

53	   0.2	   6	   44	   320	   -‐	   0.05	  

TOT	   1024	   	   	   	   	   	   	  

 
	    

12.3.2CALCULATED POWER AND ENERGY CONSUMPTION 
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12.4 FIRE SAFETY 

12.4.1 CRITICAL TASKS 
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Project	  Specifications	   505	  

	  

 
 
 

 
 

12.4.2 RISK ASSESSMENT SHEETS 



Solar	  Decathlon	  Europe	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Delivery	  #7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Team	  DTU	  
	  

Project	  Specifications	   506	  
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Project	  Specifications	   508	  
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Project	  Specifications	   509	  
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Phase	   Name	   Duratio

n	  
	   Risks	  involved	  

	   	   Start	   End	   	  

1	   Site	  
preparation	  

16-‐Jun	   16-‐Jun	   Overexertion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  persons	  at	  the	  same	  level	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  objects	  because	  of	  manipulation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Colliding	  with	  still	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  objects	  in	  motion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Accidents	  caused	  by	  living	  beings	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Stepping	  on	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Non	  traumatic	  pathologies	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Exposure	  to	  radiation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

2	   Foundations,	  
deck	  

modules,	  
and	  flexible	  

space	  

16-‐Jun	   17-‐Jun	   Colliding	  with	  objects	  in	  motion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
Run	  over	  or	  hit	  by	  vehicles	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
Accidents	  caused	  by	  living	  beings	  	  	  	  	  	  	  	  	  	  	  	   	  
Trapped	  by	  or	  between	  objects	  	  
Fall	  of	  persons	  at	  the	  same	  level	  	  
Explosion	  
Trapped	  by	  turned	  over	  machines,	  tractors	  or	  
vehicles	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  still	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  objects	  because	  of	  manipulation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Fall	  of	  object	  because	  they	  come	  loose	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  persons	  at	  a	  different	  level	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  object	  because	  they	  come	  loose	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Knocked	  by	  object	  or	  tools	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Stepping	  on	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Overexertion	  	   	  
Fall	  of	  objects	  because	  of	  collapse	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

3	   Thermal	  
envelope	  

17-‐Jun	   17-‐Jun	   Colliding	  with	  objects	  in	  motion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Run	  over	  or	  hit	  by	  vehicles	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Accidents	  caused	  by	  living	  beings	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Trapped	  by	  or	  between	  objects	  	  
Fall	  of	  persons	  at	  the	  same	  level	  	  
Explosion	  
Trapped	  by	  turned	  over	  machines,	  tractors	  or	  
vehicles	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

 12.4.3 WIDER SCOPE - WHAT RISKS WILL WE HAVE TO FACE? 
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Colliding	  with	  still	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  objects	  because	  of	  manipulation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Fall	  of	  object	  because	  they	  come	  loose	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  persons	  at	  a	  different	  level	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Fall	  of	  object	  because	  they	  come	  loose	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Knocked	  by	  object	  or	  tools	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Stepping	  on	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Overexertion	   	  
Fall	  of	  objects	  because	  of	  collapse	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

4	   Weather	  
Shield	  

18-‐Jun	   20-‐Jun	   Overexertion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  persons	  at	  the	  same	  level	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  objects	  because	  of	  manipulation	  
Fall	  of	  persons	  at	  a	  different	  level	  
Fall	  of	  objects	  because	  of	  collapse	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  object	  because	  they	  come	  loose	  	  	  	  	  
Colliding	  with	  still	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  objects	  in	  motion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Accidents	  caused	  by	  living	  beings	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Stepping	  on	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Knocked	  by	  object	  or	  tools	  
Non	  traumatic	  pathologies	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Exposure	  to	  radiation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Explosion	  
Trapped	  by	  or	  between	  objects	  	  

5	   Installations	   22-‐Jun	   24-‐Jun	   Overexertion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  persons	  at	  the	  same	  level	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  objects	  because	  of	  manipulation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  	  	  
Fall	  of	  objects	  because	  of	  collapse	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  still	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  objects	  in	  motion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Accidents	  caused	  by	  living	  beings	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Stepping	  on	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Knocked	  by	  object	  or	  tools	  
Non	  traumatic	  pathologies	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Exposure	  to	  radiation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Overexertion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Exposure	  to	  extreme	  environmental	  
Thermal	  contact	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fire	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Exposure	  to	  electric	  connections	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

6	   Exterior	  
terrace,	  

22-‐Jun	   23-‐Jun	   Overexertion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  persons	  at	  the	  same	  level	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
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stairs	  and	  
ramps	  

Fall	  of	  objects	  because	  of	  manipulation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Fall	  of	  objects	  because	  of	  collapse	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  still	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  objects	  in	  motion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Accidents	  caused	  by	  living	  beings	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Stepping	  on	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Knocked	  by	  object	  or	  tools	  
Non	  traumatic	  pathologies	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Exposure	  to	  radiation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  

7	   Preparation	  
for	  the	  

Exhibition	  

24-‐Jun	   25-‐Jun	   Overexertion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  persons	  at	  the	  same	  level	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Fall	  of	  objects	  because	  of	  manipulation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Colliding	  with	  still	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Colliding	  with	  objects	  in	  motion	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Accidents	  caused	  by	  living	  beings	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	  
Stepping	  on	  objects	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Non	  traumatic	  pathologies	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Exposure	  to	  radiation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  

  
Therefore,	  based	  on	  the	  risks	   involved,	   it	   is	  easier	  to	  display	  a	  proper	  hand	  out	   in	  order	  to	  
make	  the	  risk	  preventions	  easier	  before	  and	  while	  building.	  
  

Risks	   Focus	  
Fall	  of	  persons	  at	  a	  different	  level	   The	  equipment’s	  strength	  

Railings,	  etc.	  
The	  equipment’s	  placement	  and	  basis	  

User	  stability	  
Falls	  in	  the	  same	  level	   The	  surface’s	  condition	  and	  maintenance	  

The	  surface’s	  slipperiness	  and	  cleaning	  
The	  presence	  of	  obstacles	  

User	  stability	  
Struck	  by	  objects,	  which	  can	  fall	  down:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1.Crane	  or	  lift	  
2.	  Other	  mechanical	  lifting	  situations	  
3.	  Means	  of	  transport	  of	  conveyor	  belt	  
4.	  Manual	  lifting	  
5.	  Storage	  of	  objects	  at	  heights	  

The	  equipment’s	  placement	  and	  basis	  
Lifting	  method	  and	  storage	  method	  

Influence	  from	  external	  forces	  
Delimitation	  of	  the	  danger	  zone	  
The	  user’s	  abilities	  and	  behavior	  

Colliding	  with	  object	  in	  motion	   	  Equipment’s	  condition	  and	  functionality	  
Object’s	  position	  and	  movement	  
Working	  method	  and	  execution	  
Delimitation	  of	  the	  danger	  zone	  

Overview	  and	  visibility	  
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Technical	  safety	  equipment	  
The	  user’s	  abilities	  and	  behavior	  

Fall	  of	  objects	  because	  of	  collapse	   	  Material’s	  inner	  stability	  
Material’s	  outer	  protective	  capacity	  

Base’s	  stability	  and	  capacity	  
Storage	  equipment’s	  stability	  and	  function	  

User’s	  abilities	  and	  behavior	  
Accidents	  caused	  by	  living	  beings	  /	  

Transportation	  
People’s	  position	  

Vehicles	  speed	  and	  stability	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   Driver’s	  driving	  ability	  

Vehicle’s	  condition	  
Loading	  of	  the	  vehicle	  

Exposure	  to	  electric	  connections	   Protection	  against	  live	  parts/electric	  arcs/	  
nearness	  to	  non-‐insulated	  active	  parts	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	   Protection	  against	  electricity	  in	  earth	  
Safeguarding	  against	  access	  

Procedure	  if	  affected	  by	  electricity	  
Thermal	  contact	   	  Access	  protection	  

Personal	  protective	  devices	  and	  other	  
protection	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Temperature	  control	  
Equipment’s	  state	  and	  insulation	  

Object’s	  placement	  
Placement	  of	  parts	  of	  the	  body	  

Overexertion	   Working	  position	  
Strength	  

Control	  over	  the	  body	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Technical	  aids	  

Fire	   Use	  of	  work/spark	  permit	  
Explosion	  protection	  

Personal	  protective	  devices	  and	  clothing	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Protection	  against	  fire	  

 
 
Another	  possible	  risk:	  
  

Other	  risk	   Focus	  
Exposure	  to	  aggressiveness	   Presence	  of	  aggressive	  people	  or	  animals	  

Safeguarding	  against	  provocations	  
Stressful	  situations	  

Prevention	  of	  aggressiveness	  
Physical	  separation	  
Breaking	  contact	  

Respect	  for	  danger	  zone	  
User	  ability	  and	  behavior	  
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Risks	   Where?	   Focus	  
-‐	   Colliding	   elements/people	   in	  
the	  pivoting	  range	  of	  the	  crane	  

-‐	  Pivoting	  area	  in	  the	  lot	   -‐	   Check	   the	   equipment’s	  
placement.	  	  
-‐	   Assess	   the	   influence	   from	  
external	  forces.	  
-‐	  Delimitate	  the	  danger	  zone.	  
-‐	   Ensure	   the	   user’s	   abilities	  
and	  behavior.	  

-‐	  Fall	  of	  modules	  when	  lifting	   -‐	  Pivoting	  area	  in	  the	  lot	   -‐	   Check	   the	   equipment’s	  
placement	  
-‐	   Assess	   the	   influence	   from	  
external	  forces	  
-‐	  Delimitate	  the	  danger	  zone	  
-‐	   Ensure	   the	   user’s	   abilities	  
and	  behaviour	  
-‐	  Coordination	  between	  crane	  
operator	  and	  guider.	  

-‐	  Work	   in	  height	   (roof,	  beams,	  
etc.)	  

-‐	  On	  the	  roof	  and	  on	  the	  first	  
floor	  

-‐	  PPE	  &	  harness	  
-‐	  Lifeline	  
Check:	  
-‐	  The	  equipment’s	  strength	  
-‐	  Railings	  
-‐	  The	  equipment’s	  placement	  
-‐	  User	  stability	  

-‐	  Assembly/disassembly	  prefab	  
elements	  into	  place	  

-‐	  Truck	  area	  
-‐	  In	  the	  working	  area	  on	  site	  

-‐	  Maintain/guide	  the	  elements	  
with	  ropes	  
-‐	  PPE	  
Check:	  
-‐	   Equipment’s	   condition	   &	  
functionality	  
-‐	   Working	   method	   and	  
execution	  
-‐	  Danger	  zone	  
-‐	  Overview	  and	  visibility	  
-‐	  Technical	  safety	  equipment	  
-‐	   The	   user’s	   abilities	   and	  
behavior	  

	  
	  
	  
	  

12.4.4 WHERE AND WHAT?  
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13. STRUCTURAL 
CALCULATIONS 
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PLEASE	  SEE	  THE	  FOLLOWING	  PAGES.	  
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The Building 

 

Building type and use 

Embrace is a two storey, solar powered plus‐energy dwelling designed for 1‐2 habitants. The building 

consists of two main structural components; the Thermal Envelope and the Weather Shield.  
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Structural type and construction 

The Thermal Envelope (TE) is the heated dwelling unit and the Weather Shield (WS) is an outer canopy that 

creates  a  covered  outdoor  area  and  also  embraces  the  Thermal  Envelope  functioning  as  a  weather 

protection barrier. 

 

The TE will consist of four prefabricated modular boxes that will be stacked on top and next to each other 

on site. The TE  facades and  internal walls are traditional wooden skeleton  frames and slabs and roof are 

built  up  from wooden  tiers  of  beams.  The  static mechanism  of  the  skeleton wall  is  illustrated  below. 

Vertical load is carried by the top plate and vertical studs, note however that taking loads in the top plate 

can be avoided when the vertical forces are running  in the stud centre  lines. For stability cladding boards 

are used. 

 

The WS will be supported partly by the Thermal Envelope as well as by individual frame structures. The WS 

consists of glulam beams and columns as well as PV‐panels and glazing.  
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Execution 

All building elements are transported from Lyngby to Versailles on trucks. The four modular boxes of the TE 

are going to be mounted using a crane. Each of these modules  is therefore  individually constructed to be 

stiff and  stable enough  to avoid damage  caused by  transportation and  lifting. The  four modules will be 

lifted  in hooks. Furthermore the structural connections between the four modules need to be carried out 

on  site.  

The WS roof  is also going to be built from prefabricated module panels. The PV‐system and the glazing of 

these modules  are  fragile materials  and  therefore  these  2D modules  should  also  be  designed  to  resist 

torsional and bending effects during lifting through bracing.       

Descriptions, models and drawings 

Descriptions  for  the  individual  structural  sections  are  developed.  Structural  drawings  are  named  ST‐xxx 

according to the SDE drawing standard. 
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Basis 
 

Norms and standards 
Eurocode 0 – Basis of structural design 
Eurocode 1 – Actions on structures 
• part 1‐1: General actions – Densities, self‐weight, imposed loads for buildings 
• part 1‐3: General actions – Snow loads 
• part 1‐4: General actions – Wind actions 
Eurocode 5 – Design of timber structures 
• part 1‐1: General – Common rules and rules for buildings 
Eurocode 7 – Geotechnical design 
• part 1: General rules 
• part 2: Ground investigation and testing 
 
 
All norms and standards with matching Danish and French national annexes are applied valid as of 21st of 

Januray 2014. 

Safety 

The construction is assigned to CC2 medium consequence class resulting in KFI=1,0. 

Ultimate Limit States (ULS) 

The  ULS  cases may  be  calculated  either  by  French  or  Danish  national  standards  depending  on  which 

national standard will be the most unfavourable. 

Service Limit States (SLS) 

The deflections found from the SLS cases are to fulfill the Danish national requirements. 

ICT‐tools 

FEM‐Design, Strufsoft 

Robot, Autodesk 

References 

Jack Porteous and Abdy Kermani: Structural Timber Design to Eurocode  5, Blackwell Publishing,2007 

Teknisk Ståbi, 19th edition 

Bjarne Chr. Jensen:  Building Calculations, Nyt Teknisk Forlag, 2010 

Mathias Haldimann, Andreas Luible, Mauro Overend: Structural Use of Glass, 2008 
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Preliminary examinations 
According  to  the  research  done  by  the  Solar  Decathlon  Organization,  the  value  for  the  load  bearing 
pressure  in  Versailles  is  50  kN/m2.  Concerning  soil  compaction,  results  show  that  one  can  expect  4cm 
deformation  under  a  load  of  4  tons/m2  (40  kN/m2)  in  case  of  heavy  rain.  For  this  reason  the  SDE 
Organization will provide some sort of platform offering an even level to place the building on the ground 
might however still have a slope of 2% along the whole 20m length. The specifications of this platform are 
however not known and no friction coefficients have yet been announced. The only option for transferring 
horizontal loads to the ground is through friction as no digging and thereby building of actual foundations is 
allowed on site. 
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Structures 

Static scheme 

 

Vertical load transfer 

 

Weather Shield 

 

Vertical  load on the WS roof  is transferred from the PV and glass panels to the glulam beams of the roof 

modules. The glulam beams are  then supported along  the  two  longitudinal TE  facades and  the WS gable 

wall. From here the vertical force can travel to the footings. 

Thermal Envelope 
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The TE roof is simply supported with two individual spans between the horizontal TE module lines. The TE 

roof will only carry its own weight as it is covered by the WS. The intermediate floor of the TE is spanning 

similar to the roof. 

 

Horizontal load transfer 

 

Weather Shield 

 
The part of the longitudinal horizontal load that does not run directly to the foundation will be transferred 
to the WS roof modules. From the WS roof modules the gathered horizontal forces will be transferred to 
the longitudinal TE facades and the WS gable wall through shear connections.  
From the longitudinal walls the horizontal forces will travel to the footings from where it will be transferred 
to the soil through friction. 
 

 
Horizontal load in the transversal direction acting on the TE longitudinal facades will be transferred to the 
TE roof, which will then again transfer the loads to the transversal TE facades.  As can be seen the WS gable 
wall  is supported by the flexible room slab as well as the WS roof modules. The  load being transferred to 
the flexible roof slab will run further to the transversal flexible room walls. The other part of the load being 
transferred  to  the WS  roof modules will end up being  further  transferred  through  the TE  roof and next 
taken up by the transversal TE facades.  
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Thermal Envelope 

 

 

The horizontal load transferring principles of the TE have already been implicitly explained in the horizontal 

load transfer section of the WS. 

Functional requirements 
No demands for deflections are given in the SDE rule set and therefore demands will be used according to:   

‐ DS/EN 1995‐1‐1 DK NA National annex for EC5: Design of timber structures. 
 

Redundancy 

The  TE  is  assessed  to  have  a  high  degree  of  redundancy  as  the  insulation  thickness  required  has  been 

higher  than  the  statically, necessary dimensions, on  top of  that extra  layers of battens have often been 

added  to  the primary  structural members as  secondary  layers  in order  to break  thermal bridges and  to 

accommodate for cladding. Furthermore the system strength factor, ksys, has not been applied to increase 

the  strength properties of  the  structural members  in  the TE during calculations, even  though  this would 

have been allowed as both the tiers of beams and the skeleton walls work in systems (EC5 clause 6.6). 

Fire 

The requirements for fire safety are given by either the SD Rules or the Danish Building Regulation. After a 

comparison  of  the  two  guidelines,  the more  conservative  ones  have  been  chosen  as  a  design  basis  (as 

found  in  the Technical Notes of Fire Safety  Justification). Fire resistance of the structure in case of small 

family dwellings must be 30 minutes. Thus the fire resistance will be designed for the R30 situation. Both 

the TE and the WS must be R30 as the structure works together. 
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Structural materials 

 

 
 

 
In above tables the values of γM for wood based material are given according to French and Danish annexes 

respectively. As it can be seen, the Danish values are governing in most cases.  

Solid wood 

      Tiers of beams in roof and ground floor of TE 

              Structural timber C18 

   Normal level of supervision (control class) γM = 1,35 

  Service class 2 

  Deformation factor kdef = 0,80 

Tier of beam in intermediate floor of TE 

              Structural timber C18 

   Normal level of supervision (control class) γM = 1,35 
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  Service class 1 

  Deformation factor kdef = 0,60 

Wall studs and top and bottom plates in facades of TE 

              Structural timber C18 

   Normal level of supervision (control class) γM = 1,35 

  Service class 2 

Wall studs in internal walls of TE 

              Structural timber C18 

   Normal level of supervision (control class) γM = 1,35 

  Service class 1 

Wall studs in gable wall of WS 

              Structural timber C18 

   Normal level of supervision (control class) γM = 1,35 

  Service class 3 

  Impregnated 

OSB 

      In roof and ground floor of TE 

              Normal level of supervision (control class) γM = 1,30 

  Service class 2 

In intermediate floor of TE 

              Normal level of supervision (control class) γM = 1,30 

  Service class 1 

In façade walls of TE 

              Normal level of supervision (control class) γM = 1,30 

  Service class 2 

In internal walls of TE 

              Normal level of supervision (control class) γM = 1,30 

  Service class 1 

Glulam 

     Beams from roof modules of WS 

  Normal level of supervision (control class) γM = 1,30 

  Service class 3 

  Deformation factor kdef = 2,00 

Glass 
      Fully tempered glass in roof modules  
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Normal level of supervision (control class) γM = 1,20 

      Annealed glass in roof modules 

  Normal level of supervision (control class) γM = 1,80 

Load 

Load combinations 

The governing equation model used for the ULS load combinations is given in Rule 51.6 (4) of the SDE 2014 
rule  set. The equation  is  similar  to  the  following EQU  load  combination  for  the permanent or  transitory 
situation. 
 

 
(Fragment of Table A1.2(A) of EC 0) 

 
For the above  load combination the following safety factors are to be used as dictated by Rule 51.6 (3)  in 
the SDE 2014 rule set. 

 

 
 

Permanent loads 

Thermal Envelope 

   Self‐weight roof:    0,66 kN/m2 

   Self‐weight intermediate floor:  0,76 kN/m2   

   Self‐weight terrain floor slab:   0,64 kN/m2   

  Self‐weight façade walls:    0,42 kN/m2 

Weather Shield 

   Self‐weight roof modules:    0,47 kN/m2 

  Self‐weight floor modules:    0,28 kN/m2 

  Self‐weight gable wall:    0,55 kN/m2 
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Imposed loads   
Floors  Uniform load qk [kN/m

2]  Localised load Qk [kN]  Ψ0  Ψ1  Ψ2 

Danish  National  Annex 
DS/EN  1991‐1‐1  DK  NA:2013 
Table  6.2;  cat.  A1 
Table A.1 

1,5  2,0  0,5  0,3  0,2 

French National Annex  1,5  2,0  0,7  0,5  0,3 

 

The imposed load for floors is relevant for the TE floors as well as the WS floor modules. 

 

Stairs  Uniform load qk [kN/m
2]  Localised load Qk [kN]  Ψ0  Ψ1  Ψ2 

Danish  National  Annex 
DS/EN  1991‐1‐1  DK  NA:2013 
Table  6.2;  cat.  A4 
Table A.1 

3,0  2,0  0,5  0,3  0,2 

French National Annex  2,5  2,0  0,7  0,5  0,3 

 

The imposed load for stairs is only relevant to the staircase in the TE module #3. 

 

Roofs, category H  Uniform load qk [kN/m
2]  Localised load Qk [kN] 

Danish  National  Annex 
DS/EN  1991‐1‐1  DK  NA:2013 
Table  6.10;  cat.  H 
Table A.1 

0  1,5 

French  National  Annex 
‐ for sloping roof > 15% 

0  1,5 

 
The imposed load for roofs is only relevant for the WE roof modules. 
It should not be applied together simultaneously with snow loads or wind actions. 
 

Snow loads 

It  appears  from  rule  51.6(4)  of  the  SDE  rule  set  that  snow  load  is  not  to  be  considered  during  the 

competition in France. Therefore only Danish values for snow load is taken into account. 

The snow load shape coefficient, μi, is set to 0,8 for monopitch roofs with a slope 0°<α<30°, which is the 
case for the slope of the roof of Embrace. 
The exposure coefficient Ce and the thermal coefficient Ct are both set to 1,00. 
 
The characteristic snow load is calculated as: sk=μi* Ce * Ct *sk,ground 
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Characteristic snow value on ground, sk,ground 

  sk,ground [kN/m
2] 

Danish National Annex 
DS/EN 1991‐1‐3 DK NA:2012 
4.1(1) NOTE 1 

1,0 

 

Characteristic snow value on roof, sk 

  sk [kN/m
2] 

Danish snow load  0,80 

 

Danish Ψ factors for snow load 

  Ψ0  Ψ1  Ψ2 

General case  0,3  0,2  0 

For leading wind actions  0  0  0 

  

Wind loads 

Fundamental value of the basic wind velocity, vb,0 

  vb,0 [m/s] 

Danish National Annex 
DS/EN 1991‐1‐4 DK NA:2010 
4.2(1) 

24,0 (27,0 on the west coast of Jotland)

French National Annex  24,0 (region 2) 

 
 
Air density, ρ 

  ρ [kg/m3] 

Danish National Annex 
DS/EN 1991‐1‐4 DK NA:2010 
4.5 NOTE 2 

1,25 

French National Annex  1,225 
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The resulting, characteristic wind  loads  in Denmark and France have been calculated based on the above 
values  for  terrain category  II  in appendix A1.3 and A1.4 and  for  terrain category  III  in appendix A1.5 and 
A1.6. The results are given in the following tables. 
  

Terrain category II  wk [kN/m
2]

Danish peak velocity pressure  0,767 

 

Terrain category III  wk [kN/m
2]

French peak velocity pressure  0,256 

 

The  terrain  category  II values are used  for  calculating  shear walls, as  it  is assumed  that  in Denmark  the 

house will be placed in a terrain of category II. 

The terrain category III values are used for the footing design during the competition in Versailles. 

 

Appendices 
Appendix A1.1: Calculation of self‐weights 
Appendix A1.2: Calculation of Danish wind load terrain cat. II 
Appendix A1.3: Calculation of French wind load terrain cat. III 
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Figure 1. Blow up of the structural components of EMBRACE. 
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A2.1 Calculation of Statics – Vertical loads 
 
1   Thermal Envelope 
 
1.1    Roof slab 
As explained in A1 Design Basis the TE roof will only carry its own weight as it is covered by the WS. The 
beam span for the roof is the same as the TE module width, i.e. 2,85 meters. The center to center distance 
(cc) of the beams is 640mm and they are considered simply supported at both ends. 
The calculation is carried out according to Danish NA in Appendix A2.1.1.1 and it turns out that a standard 
dimension of 45mm x 170mm will be enough to fulfill the ULS and SLS requirements.  
Either way the final beam dimension is actually chosen to have the dimension 45mm x 245mm because of 
the required insulation thickness.  
 
Beam dimension:  45mm x 245mm 
 

1.2    Intermediate floor slab 

The intermediate floor slab is spanned similarly to the roof, however it is exposed to imposed load. As can 

be seen in A1 Design Basis the values for imposed loads are equal according to French and Danish 

standards and since the imposed load will be the leading action and only accompanied by dead load, the 

differences in Ψ‐factors will not matter. Therefore only one load combination is necessary for verifying the 

beam sizes.  

 

The slab has been calculated for dominating live load according to Danish standard in Appendix A2.1.1.2. 

A standard dimension of 45mm x 220mm is necessary to fulfill the Danish requirements. This dimension is 

also finally decided upon. 

Beam dimension:  45mm x 220mm 

1.3    Terrain floor slab 

The terrain floor slab has the same geometric and boundary conditions as the roof and intermediate floor 

slab. The load case is exactly the same as for the Intermediate floor slab and the only difference between 

the two calculations is, that the two slabs have different self‐weights and that the terrain floor slab will be 

in SC2 instead of SC1. 

 

It is found according to Danish standard in Appendix A2.1.1.3 that using a standard dimension of 45mm x 

220mm is enough for fulfilling the requirements; however a final dimension of 45mm x 295mm is decided 

upon to accommodate both penetrations for running installations and for matching a higher insulation 

thickness. 

Beam dimension:  45mm x 295mm 
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1.4    Facade walls 

The wooden façade studs act as load carrying columns and are calculated according to clause 6.3.2 in EC5. 

The static model of the studs is the Euler column with lateral force represented by the wind force. 

   
The studs are assumed fixed in the wall plane, as the plate cladding will prevent the studs from buckling in 

this direction. Following five load cases are relevant for the documentation of the façade studs. The load 

factors have been found according to the Ψ‐factors in A1 Design Basis. 
 

Denmark  Live load factor  Snow load factor  Wind load factor 

LC1 (Dom. live)  1,5  0,45  0,45 

LC2 (Dom. snow)  0,75  1,5  0,45 

LC3 (Dom. wind)  0,75  0  1,5 

 
 

France  Live load factor  Snow load factor  Wind load factor 

LC4 (Dom. live)  1,5  0,75  0,9 

LC5 (Dom. wind)  1,05  0,75  1,5 

 

Calculations have been carried out in A2.1.1.4.1‐5 and using a standard dimension of 45mm x 120mm with 

a center to center distance of 640mm fulfilled the requirements for all load cases. However, the actual 

dimension of the load carrying façade studs is chosen to be 45mm x 245mm because of insulation 

requirements. 

Stud dimension:  45mm x 245mm 

1.5    Internal load carrying walls 

These walls are calculated similarly to the façade studs, however since they are not exposed to wind and 

not carrying snow load, dominating live load will be the only load case to investigate. Calculations are 

carried out in Appendix A2.1.1.5 for Danish values. It shows that a standard dimension of 45mm x 70mm 

will be sufficient.  

Stud dimension:  45mm x 70mm 



EMBRACE    SDE 2014 

 
A Structural Documentation    Date: 24.01.2014 
A2 Calculations of Statics    Rev. date: 24.04.2014   

 

Side 7 af 44 
 

 

1.6    Diagonal columns carrying cantilevered parts of TE module #1 & #2 
 (to come for DEL#6) 
 

 

 

1.7    Beams and columns around wall openings  
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The marked beams on the above figures will be made from 2 x 45mm x 245mm structural timber. And the 

already used dimension for the wall studs will be plenty, i.e. also 45mm x 245mm. 

Calculations are found in appendix A2.1.1.7.1 and Appendix A2.1.1.7.2. 

 

1.8    Crane lifting of modules  
 
Module 3 & 4 

The two bottom modules will be lifted in hooks and each module will have four lifting points, two in each 

load carrying supporting line. The hooks sit at the top ends of steel rods and at the bottom they will be 

fastened to 90mm x 295mm glulam beams, Gl 32h, that are built into the floor construction, so the steel 

rods will be running along the walls. So by this principle, when a module is lifted in the steel rods, the steel 

rods will activate a beam behavior in the glulam beams and it will then be up to these glulam beams to 

carry the weight of the entire modules. 

The explained principles are illustrated in the following figures, where the lifting points are marked as blue 

crosses. 
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The following will explain the beam model used for dimensioning the bottom glulam beams. 

 

The gathered dead load of TE module#3 was the heaviest one of the two bottom modules, weighing 

4,3t≈43kN. This load was then multiplied with the dead load factor γG,sup=1,35 and divided by 2 to get the 
gathered load acting along each glulam beam. This value was then divided by the length of the beam, 

l=11,9m, to get the line load along each beam. 

∗ γ ,

2
∗
1 43 ∗ 1,35

2
∗

1
11,9

2,44 /  

The beam model with “reactions” placed at crane lifting points.  
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The maximum reaction force needs to be taken up by the steel rod. 

Resulting shear force diagram 

 

Resulting moment curve 

 

The glulam beam has been verified with a dimension of 90mm x 245mm, this leaves capacity for cutting 

holes with a diameter of 50mm for piping. Results can be seen in appendix A1.1.1.8.1. 

The steel rod will undergo a tension stress of 
, ∗

∗ /
81 ,

,
214  

OK!   Wrong take threading into account. Use much larger strength (6.4 , 8.8) see TS 

 

 

Module 1 & 2 

The two top modules will have four lifting points as well, but their crane lifting beams will be in the roof 

construction. 

The gathered dead load of TE module#1 was the heaviest one of the two top modules, weighing 

3,2t≈32kN. This load was then multiplied with the dead load factor γG,sup=1,35 and divided by 2 to get the 
gathered load acting along each supporting line of the top module. This value was then divided by the 

length between the crane lifting points, l=5, to get the line load along each beam. 

∗ γ ,

2
∗
1 32 ∗ 1,35

2
∗
1
5

4,32 /  
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The above beam model is used for calculating the section forces, because of the slanted façade, so 

q=2*p=8,64kN/m. 

 

The verification is carried out in appendix A2.1.1.8.2 and the lifting beam chosen is 2 x 45mm x 245mm 

glued and nailed together. 

The steel rod will undergo a tension stress of 
, ∗

∗ /
72 ,

,
214  

OK! 

There will be no need for dimensioning the steel plate again as it was taking a higher load in the case of 

module 3 and 4 and the steel plate dimension is the same. 

1.9    Secondary beams in supporting lines  
(to come for DEL#6) 
 

Mention hangers/bjælkesko 

 

 

   

 

 

 
2 Weather Shield 
 
2.1 Roof  
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The Roof of EMBRACE consists of 12 separate Roof modules build from glulam beams, structural timber 
beams and tempered glass. They are two different types Roof Module 1 and Roof Module 2 and they are 
two times six from each type. The difference between them is their length and partly their support 
conditions. The content of each module can be seen in Table 2.1.1 and Table 2.1.2. Roof Module 2 type is 
simply supported and rests on the east and west wall of the Thermal Envelope. Roof Module 1 type is also 
simply supported and rests on the gable wall and east wall of the Thermal Envelope. Both module types 
have common connection over the east wall of the Thermal Envelope. On Figure 2.1.1 can be seen how the 
beams from the modules span between the bearing walls. 
Roof modules transfer all the loads from snow and wind to the bearing walls of the Thermal envelope and 
the gable wall.   
 

Roof Module 1 (B=1780, L=4860, H=322) 

element  number 

dimensions 

b 
(mm) 

h(t) 
(mm) 

L 
(mm) 

  

Glass  4  1200  4+8  1740 

  

Main 
beams              

RB1  2  115  266  4860 

RB2  2  115  300  4860 

  

Secondary 
beams  5  75  150  1440 

                Table 2.1.1 Roof Module 1                                Table 2.1.2 Roof Module 2 
 
Primary beams are made of glulam, quality GL 32 and secondary beams are structural timer C24. 

Roof Module 2 (B=1780, L=6080, H=322) 

element  number 

dimensions 

b 
(mm) 

h(t) 
(mm) 

L 
(mm) 

  

Glass  5  1200  4+8  1740 

  

Main 
beams              

RB3  2  115  266  6080 

RB4  2  115  300  6080 

  

Secondary 
beams  6  75  150  1440 
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Fig. 2.1.1 ‐  Roof plan ‐ structural elements 

2.1.1	Glazing	
Glass takes serious part from the project since at least the whole weather shield roof was decided to be 
covered with glass. One part of the roof over the house will consist of solar panels and PV cells and the rest 
of the roof, over the space outside the house, is planned to be covered with PV cells only spread in such a 
layout that allow enough sunlight to come into the space below the weather shield. All the glazing, 
consisting of two glass layers, of the roof will be divided into modules. Dimensions of each glass will be 
(8+4) x 1200 x 1740 mm and in the same time a water tight connection between the glasses should be 
provided in horizontal and vertical direction along the joint between them. It was decided that to fulfill the 
requirements for water tightness and modular division, overlapping of the glazing in horizontal direction 
will be the best solution since the modules are inclined 23 degrees. 
This idea requires the main beams of each module to be with different heights, so one edge of the glass 
from the module above to be over the edge of the glass form the module below (Fig. 2.1.2). Mounting 
process starts with the modules situated in the lowest position. The vertical connection between the 
glasses from each module is provides by silicon placed on site. 
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Fig. 2.1.2 Glass overlapping 

 
Design of glazing 
The glazing of the roof is designed for the loads from self‐weight, snow, wind and an imposed point load 
according to a roof from category H (Roofs not accessible except for normal maintenance and repair).  
The roof glazing is calculated in appendix A2.1.2.1.1.  

Summary: 
The glass consists of a lamination of 8mm (outside) and 4 mm (inside) of fully tempered glass with PV's in 
between. The outside ply of 8 mm should furthermore be with a low content of iron to better transmit the 
light to the PV's.  
The glass panes are 4‐sided simply supported by wooden beams with a connection of structural silicone. 
The largest stress is generated by the imposed point load, which utilizes 58,5% of the bearing capacity. The 
largest deflections are found for upward wind load, which are just beneath the deflection criteria of L/250 = 
4,8 mm.  
 

2.1.2	Main	beams	
The main beams are the elements transferring the snow and wind  loads over the Thermal envelope from 

the glass panels and secondary beam to the east and west wall of the Thermal envelope and the Gable wall. 

These beams are the main bearing elements from the roof construction and together with the glass panels 

and  the  secondary beams  from Roof Module 1 and Roof Module 2 – Table2.1.1, Table 2.1.2 and Figure 

2.1.1. The main beams in Roof Module 1 are RB1 and RB2 and these in Roof Module 2 are RB3 and RB4. The 

calculations  are  carried  out  according  to  EC  and  Danish  NA  in  Appendix  A2.1.2.1.2‐1  and  Appendix 

A2.1.2.1.2‐2. It turns out that a standard dimension of 115mm x 266mm and L=4860mm will be enough to 

fulfill the ULS and SLS requirements for the beams for Roof Module 1 and standard dimension of 115mm x 

266mm  and  L=6080mm will  be  enough  to  fulfill  the ULS  and  SLS  requirements  for  the  beams  for  Roof 

Module  2.  In  Appendix  A2.1.2.1.2‐1  and  Appendix  A2.1.2.1.2‐2  calculations  are  done  for  beams with 

height 266mm only, because these beams are with smaller section in each module and it is assumed that 

if their section is enough, the section of the beams with height 300mm will also be enough! 
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RB1 dimensions:  115mm x 266mm x 4860mm 

RB2 dimensions:  115mm x 300mm x 4860mm 

RB3 dimensions:  115mm x 266mm x 6080mm 

RB4 dimensions:  115mm x 300mm x 6080mm 

 

2.1.3	Secondary	beams	
Secondary  beams  are  the  beams  connecting  the main  beams  from  the  Roof Modules.  They  are  placed 

bellow each glass panels’ fugue  and in both ends of each module, so there are 5 secondary beams in Roof 

Module 1 and 6  secondary beams  in Roof Module 2 and with  the  same geometry. The main purpose of 

these elements is to reduce the bending length of the glass panels and to ensure them linear support along 

their  long edge. Secondary beams take  loads from the glass panels and transfer them to the main beams 

and they are subjected to pure bending along their strong axis. The secondary beams in Roof Module 1 are 

RB1 and RB2 and these in Roof Module 2 are RB3 and RB4. The calculations are carried out according to EC 

and Danish NA  in Appendix A2.1.2.1.3.  It  turns  out  that  a  standard  dimension  of  75mm  x  150mm  and 

L=1440mm will be enough to fulfill the ULS and SLS requirements 

Secondary beam dimensions:  75mm x 150mm x 1440mm 

 

 
2.2 South façade Michael 
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2.3 North façade Michael 

Fig. 2.3.1 – North façade plan ‐ structural elements 

North façade is designed to be covered from Plexiglas which will stay on horizontal beams connected to the 

gable wall  and  east  and west wall  of  the  Thermal  envelope.  The  static  system  of  the  beams  is  simple 

supported beams and  there are  two different  sizes of  them. NB1 – Fig. 2.3.1  is  the name of  the beams 

spanning from Gable wall to the east wall of the Thermal envelope and NB2 is the name of these spanning 

from east wall  to  the west wall of  the Thermal envelope. Load over  these structural elements will come 

mainly as uniformly distributed wind load, almost twice bigger than permanent load applied, over the north 

façade and then transferred by them to the three walls they will be connected to.  

NB1 dimensions:  115mm x 200mm x 4860mm 

NB2 dimensions:  115mm x 200mm x 6080mm 
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2.4 Gable wall 
Gable  wall  is  part  of  the  load‐carrying  system  taking  part  of  the  loads  from  the Weather  shield  and 
transforming them to the foundations. The wall will be divided into four parts – GW1, GW2, GW3 and GW4 
(Fig. 2.4.1).   The elements  forming  the wall will be  solid wood members  (columns and beams) and OSB 
sheeting  for  the  bearing  part.  Vertical  loads  from  the  roof modules will  be  taken  by  columns  and  the 
horizontal loads from wind will be resisted by the shear wall consisting of two 12 mm OSB sheeting boards 
on both sides of the wall nailed to vertical studs in every 600mm. 

 
Fig. 2.4.1 – Gable wall 

 
Gable wall will take loads from width of 2.6 m from the Weather shield and the values of the forces applied 
over  the wall  can  be  seen  in Appendix A1. Analysis  is  done  by  FEM‐Design  13  Educational  version  and 
internal  forces  for  beams,  columns  and  diagonals  used  in  the  hand  calculations  are  taken  from  the 
software.  The  most  loaded  elements  regarding  loads  and  load  combinations  will  be  determined  and 
designed.  The  rest  of  the  elements will  be  assumed with  sections  like  the  former  ones,  so  little  over 
dimensioning  is expected, which would be desirable  if take  into account the need of more dead  loads to 
resist the wind forces acting over the Weather shield.   
The  stability  in  direction  longitudinal  to  the wall will  be  provided  by  the  diagonals  and  the  stability  in 
direction perpendicular to the openings between the members will be provided by the hobby room and by 
the Weather shield roof modules. Hobby room will “serve” as a support for the bottom wall part. After the 
bottom part is placed, the top part will be placed over the former and will be temporary supported until the 
roof modules are mounted. After this the beams from the roof modules will transfer any horizontal  loads 
over  the  top  part  of  the  gable  wall  to  the  thermal  envelope.  The  expectations  are  that  the  loads  in 
perpendicular  direction  to  the  gable  wall  will  be  with  low  values,  because  of  the  insignificant  wind 
resistance caused by the wall members. 
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Fig. 2.4.2 – Gable wall FEM‐Design Educational 13 model 

2.4.1	Loads	over	gable	wall	
All the  loads over the gable wall coming from the roof of the Weather shield will be designed as  localized 

forces, because the contact between the wall and the roof modules is where the main modular beams are. 

By  this way all  the area  loads  from  snow and wind over  the  roof are  transferred over  the wall as point 

loads. Loads over south and north façade will be assumed as uniformly distributed loads. 

2.4.1.1	Permanent	loads	
Permanent loads over Gable wall come from self‐weight and dead load from roof modules and will be 

presented as point loads, acting directly over some of the columns. 

 

Fig. 2.4.3 ‐ Permanent loads over gable wall 
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On the roof: 

Adjacent area: 2.6m2 per m’ from the wall – can be seen in A2.2 / 1.1 Shear walls 

Localized load from roof main beam with section 115x300 mm and self‐weight of 4.2kN/m3: 
  2.6*0.115*0.3*4.2=0.49kN 
 
Localized load from glass self‐weight with width of 1.74m/2 per beam and self‐weight of 0.29kN/m2: 
  2.6*(1.74/2)*0.29=0.66kN 
 
Total permanent localized load from a beam: 
  0.49+0.66=1.15kN 

 

2.4.1.2	Variable	loads	

2.4.1.2.1	Imposed	load	
Imposed load is considered acting directly over the examined column with value of 1.5 kN localized load. 

2.4.1.2.2	Snow	loads	
Snow loads will also be presented as point loads where 0.8 is the value for snow on the ground (Appendix 
A1.5). 
  2.6*0.8*(1.74/2)=1.81kN 

2.4.1.2.3	Wind	loads	–	0	degrees	(wind	from	south)	
Wind loads from south is assumed to act as uniformly distributed load over south façade (compression) and 
as uniformly distributed load over north façade (suction). Over the roof wind from south will be applied as 
a localized load there the beams are connected to the gable wall. Values for external pressure coefficient 
for facades and roof can be seen in Appendix A1.5 and fig 2.4.4 shows and example how wind loads are 
applied (wind loads – 180 degrees). 

 
On the south façade 

2.6*0.767*0.75=1.5kN/m’ 
Where 0.767 is the peak wind pressure and 0.75 is the external pressure coefficient for the south façade. 
 

On the north façade 
  2.6*0.767*(‐0.38)=‐0.76kN/m’ (suction) 
Where ‐0.38 is the external pressure coefficient for the north façade. 

 
On the roof 

  2.6*0.767*0.47*(1.74/2)=0.82kN   
Where 0.47 is the external local pressure coefficient for the roof. 
 

2.6*0.767*0.33*(1.74/2)=0.57kN  
Where 0.33 is the external pressure coefficient for the roof . 
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2.4.1.2.4	Wind	loads	–	180	degrees	(wind	from	north)	
Wind loads from north is assumed to act as uniformly distributed load over north façade (compression) and 
as uniformly distributed load over south façade (suction). Over the roof wind from north will be applied as 
a localized (uplifting) load there the beams are connected to the gable wall. Values for external pressure 
coefficient for facades and roof can be seen in Appendix A1.5. 

 
On the north façade 

2.6*0.767*0.75=1.5kN/m’ 
Where 0.767 is the peak wind pressure and 0.75 is the external pressure coefficient for the south façade. 
 

On the south façade 
  2.6*0.767*(‐0.38)=‐0.76kN/m’ (suction) 
Where ‐0.38 is the external pressure coefficient for the north façade. 

 
On the roof 

  2.6*0.767*(‐1.4)*(1.74/2)=‐2.43kN  (suction) 
Where‐ 1.40 is the external local pressure coefficient for the roof. 
  

2.6*0.767*(‐0.85)*(1.74/2)=‐1.47kN (suction) 
Where ‐0.85 is the external pressure coefficient for the roof . 

 

Fig. 2.4.4 – Wind loads – 180 degrees (wind from north) 
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2.4.2	Elements	design	

2.4.2.1	Load	bearing	wall	
 

2.4.2.2	Beams	
 

2.4.2.3	Columns	

2.4.2.3.1	Column	from	the	bearing	part	of	the	gable	wall		
Bearing part of the gable wall  

 

 

 

 

 

 

 

 

3   Flexible Room 

The flexible room does not represent a main‐load bearing system, as it contributes very little to the global 

stability of the thermal envelope and weather shield.  Its function  is to support the terrace  in the WS and 

take over some of the horizontal loads from the gable wall.  

The elements of the flexible room are made out of solid C18 timber. The structure is made out of a simple 

beam and column system, where the beams take over the vertical loads and transmit it to the columns. The 

columns  take over some of the horizontal  loads transmitted  from the gable wall; however most of these 

loads are transferred to the bottom by diagonal members inside the walls of the flexible room.  The flexible 

room will give stability to the gable wall during the mounting process, until the gable wall is connected to 

the rooftop modules. From here on, these elements will take over the horizontal  loads and transmit  it to 

the TE.  

Two beams and two columns are considered the most severely  loaded elements  in the flexible room. The 

beams and columns are entitled Beam Type 1 and 2 and Column Type 1 and 2, and  their  location  in  the 

design is to be seen in the drawings accompanying the appendices. The calculations of the beams are to be 

reviewed  in  Appendix  A2.3.3.1  and  the  calculations  of  Column  Type  1  and  Column  Type  2  are  to  be 

reviewed in Appendix A2.3.3.2 and Appendix A2.3.3.3, respectively. 
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Figure 2 ‐ Layout of the structure of the flexible room
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A2.2 Calculation of Statics – Horizontal loads 
 

1.2    Longitudinal stability 
For wind load 
The wind load has been distributed according to EC1 part 1‐4 clause 7.2.2 & 7.2.4. 

 

Figure 3. Wind distribution in longitudinal direction. 

The slanted façade, Zone D, is considered as a monopitch roof. Both for Zone E and D the pressure 

coefficients have been found using linear interpolations between tabulated values. Based on the shown 

wind load distribution the gathered wind force and resulting moments are calculated.  

Gathered horizontally acting wind force 

∗ , , ∗ ∗ .

767 / 0,75 ∗ 6,78 ∗ cos 23° 1,40 ∗ 1,26 0,85 ∗ 10,14 1,26
∗ cos 67° 0,38 ∗ 2,28 ∗ 11 ∗ 1,50 116,25  

Horizontally acting wind force transferred to shear walls through WS roof modules 
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, ∗ , , ∗ ∗ .

767 / 0,75 ∗
6,78
2

∗ cos 23° 1,40 ∗ 1,26 0,85 ∗ 10,14 1,26

∗ cos 67° 0,38 ∗
2,28
2

∗ 11,6 ∗ 1,50 81,15  

	
 

For horizontal mass load/seismic load 

The following calculation of the mass load will show that the wind force will be the critical horizontal force 

to consider and that the mass load therefore will be irrelevant. 

 

According to Danish standard the seismic action, Ad, is taken on the basis of the vertical action as follows: 

1,5% , , ,  

Dead load of Weather Shield (WS) roof and Thermal Envelope (TE) roof: 

, _ 0,47 ∗ 11,6 5,44

, _ 0,66 ∗ 5,5 			 3,63
	 , , _ , _ 9,07  

Dead load of WS 1st floor: 

, _ 0,76 ∗ 5,5 ∗ 4,5 18,81  

Dead load of WS and TE terrain floor slabs: 

, _ 0,28 ∗
11,6
2 1,62

, _ 0,64 ∗
11,6
2 3,71

	 , , _ , _ 5,34  

Dead load of WS east and west facades: 

, _ 2 ∗ 0,46 ∗ 2,275 2,09 																								

, _ 2 ∗ 0,46 ∗ 6,24 2,275 3,65
 

gk,WS_facades1 corresponds to the load from both facades where the façade height is at its lowest. 

gk,WS_facades2 corresponds to the load from both facades where the façade height is at its highest. 
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The found loads are used as input for the following static, calculation model in ROBOT. 

 

Figure 4. FEM‐model illustrating distribution of found dead loads. 

The trapezoidal load is found from adding gk,WS_facades1 and gk,WS_facades1 with gk,floor. 

From the model the vertical reactions are found and hereby the first contribution to Ad is known: 

, 98,93 112,54 211,47  

 

The imposed load qk=1,5kN/m
2 is considered active in the whole envelope base area (11,6m x 12m) as well 

as on the TE 1st floor(5,5m x 4,5m). 

, , , 0,3 ∗ 1,5 ∗ 11,6 ∗ 12 5,5 ∗ 4,5 73,78  

The seismic load can now finally be determined: 

1,5% , , , 0,015 ∗ 211,47 73,78 4,28  

It is now evident that for the longitudinal stability, the wind force will be the dimensioning load as it is 

bigger than the seismic load.  

, 81,15
4,28

19	 

As a side note it should be mentioned, that not all dead loads were included in the above determination of 

the seismic load; the dead loads of the stairs, the flexible room, the WS gable wall and the TE north and 

east facades were not included. However, if they had been present in the calculation, it could never have 
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changed the fact, that the wind load is dominating, as it is unlikely that these left out components would 

weigh more than a small percentage of the dead load actually considered, so the seismic load could have 

never become 19 times as big. 

The reactions in the longitudinal shear walls are given in the following table according to Figure 15. 

Wall  Ry for Wy,d 

1y  27,30 kN  5,69 kN/m 

2y  21,68 kN  6,78 kN/m 

3y  11,52 kN  6,78 kN/m 

4y  20,66 kN  2,63 kN/m 
Table 1. Horizontal reactions in longitudinal shear walls. 

1.3    Transversal stability 

 

For wind load 

For the wind load in the transversal direction, i.e. perpendicular to the gables, it is assumed as a 

simplification that both gable walls are massive. This will also be a conservative assumption. Each gable 

then has an area of 48m2. 

Gathered horizontally acting wind force 

∗ , , ∗ ∗ . 767 / ∗ 48 ∗ 	0,8 0,5 ∗ 1,50 71,79  

Horizontally acting wind force transferred to shear walls through WS roof modules 

It will be assumed that half of the acting wind force is transferred to the WS roof modules, therefore; 

, 2
71,79

2
35,90  

 

For horizontal mass load/seismic load 

The stability in the transversal direction is also governed by the wind force, as once again the wind force is 

larger than the seismic load.  

, 71,79
4,28

16,8 

Once again the dead loads of the stairs, the flexible room, the WS gable wall and the TE north and east 

facades are not included in the above estimation of the seismic load. However, if they had been present in 

the calculation, it could never have changed the fact, that the wind load is dominating, as it is unlikely that 

these left out components would weigh more than a small percentage of the dead load actually considered, 

so the seismic load could have never become 16,8 times as big. 
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Figure 5. Centre of gravity for massive gable wall. 

The reactions in the transversal shear walls are given in the following table according to Figure 16. 

Wall  Rx for Wx,d 

1x  17,95 kN  6,30 kN/m 

2x  17,95 kN  6,30 kN/m 
Table 2. Horizontal reactions in transverse shear walls. 

 

1.4    Uplift 

Longitudinal direction 

For wind in the longitudinal direction it will now be investigated if anchorage is needed to prevent uplift of 

the dwelling.  A simple frame model of the house is used to investigate the three wind situations occurring. 
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Figure 6. FEM‐model showing resulting reactions at supports for the load case of dominating wind (1,5*wk) from north. The wind 
force is applied according to Figure 3. 

 

Figure 7. FEM‐model showing resulting reactions at supports for the load case of dominating wind (1,5*wk) from south with 
suction on roof according to Table 7.3a of part 1‐4 in EC1. 
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Figure 8. FEM‐model showing resulting reactions at supports for the load case of dominating wind (1,5*wk) from south with 
pressure on roof according to Table 7.3a of part 1‐4 in EC1. 

 

Figure 9. FEM‐model showing resulting reactions at supports for the load case of favourable dead load (0,9*gk). The dead loads 
considered are the same as those found for determination of the mass load (see Figure 4). 

Comparing the three different wind loading models, clearly the load situation shown in Figure 6 (and Figure 

3) is the most critical both for uplift as well as sliding. 

As can be seen by comparing the vertical reactions (FZ) from Figure 6 and Figure 9 it is clear that uplift will 

not be a problem, as both downward reactions from Figure 6 are numerically smaller than both the upward 
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reactions from Figure 9 and hence only upward reactions will be present; meaning that no anchorage is 

needed to prevent lifting. 

Transversal direction 

For wind in the transversal direction it will now be investigated if anchorage is needed to prevent uplift of 

the dwelling.  A simple frame model is again used to represent the house for investigate the transversal 

wind situation occurring. 

 

Figure 10. . FEM‐model showing resulting reactions at supports for the load case of dominating wind (1,5*wk) from east/west. 

Comparing the above found resulting, vertical reactions with the weight of the house found as the vertical 

reactions in Figure 9, it should not be possible to have an uplifting for this situation, as long as the WS floor 

modules are stiff enough to activate the dead load over the gathered platform of EMBRACE. 

Only the uplift situation was verified in this section, the verification of sliding will be handled in the footings 

design section.  

2   Local stability 
 
2.1    Longitudinal shear walls 

Based on the reaction forces found for wall 1y, 2y and 3y in Table 1 the load carrying capacities of these 

walls are all verified according to clause 9.2.4.2 of EC 5 in appendices A2.2.2.1.1, A2.2.2.1.2 and A2.2.2.1.3. 

Plate cladding:  2 x  12mm OSB 
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Nail diameter, d:  2,1mm 

Nail length, L:    50mm 

Nail tensile strength, fu:  600MPa 

Nail spacing, s:  100mm (along all edges) 

 

However, clause 9.2.4.2 can only be applied for anchored walls. In the following stability calculation it will 

be proven that EMBRACE has the necessary anchorage to counter the tension reaction Fi,t,Ed, shown in 

Figure 11. 

 

Figure 11. Figure 9.5 of EC5. 

The vertical compression and tension forces shown in Figure 9.5a is calculated from 

, , , ,
, , ∗

 

The biggest tension forces are calculated based on the reactions found in Table 1 and Table 2 

Wall  Fi,v,ED  Fi,t,ED / Fi,c,ED 

1y  27,30 kN  13,65 kN 

2y  11,52 kN  15,59 kN 

3y  21,68 kN  14,91 kN 
Table 3. Vertical forces in longitudinal shear walls. 
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Anchorage of wall 1y  

Wall 1y is situated in the west TE façade wall, which is taking fewer loads from the WS roof structure than 

the east TE façade wall, which has wall 2y and 3y in it.  

The dead load carried above wall 1y stems from the WS roof modules and the TE roof, but this dead load is 

of course counter acted by the vertical component of the wind suction on the roof, therefore the vertical 

line load above wall 1y is calculated as; 

, 	 , ∗
, ,

cos 23°

. 67° , , 23° , ,
	 	#

2

0,9 ∗
0,47 0,66

cos 23°
1,5 sin 67° ∗ 0,85 sin 23° ∗ 0,75 ∗ 0,767

2,85
2

0,77  

 where  	 	#  is the modular width of TE module #2 (see Figure 1) and thereby also the span 

of the roof beams, which are simply supported on the module supporting lines. 

 where  , ,  and  , ,  are the wind pressure coefficients for zone H and D according to Figure 

3. 

As wall 1y is 4,8m long the active vertical load to counterweight the uplift will be  

, 	 0,77 ∗ 4,8 3,69  

This is not nearly enough to counter act the tension force. Therefore it will be necessary to anchor the wall 

to the glulam beam beneath it which is also used for crane lifting the module. The glulam beam  will have 

to be anchored to the footings in order to activate the dead load of the footings, meaning that now the 

weight of the concrete tile footings beneath the glulam beam as well as the weight of the floor slab can be 

activated, so 



EMBRACE    SDE 2014 

 
A Structural Documentation    Date: 24.01.2014 
A2 Calculations of Statics    Rev. date: 24.04.2014   

 

Side 35 af 44 
 

, 	 0,77 , , ∗ 	 	#

2 , , 	

0,77

0,9 0,64 ∗
2,85
2

8 ∗ 2 ∗ 0,8 ∗ 0,8 ∗ 0,05 ∗ 22

11,9
0,09 ∗ 0,295

∗ 4,3 2,54  

 where  ,  consists of 8 point footings made from 2 stacked tiles measuring 0,8m x 0,8m x 

0,05m with a density of 22kN/m3. The weight of the footings is evenly distributed along the length 

of the 11,9m bottom glulam beam. 

 

Figure 12. “Beam model” for glulam beam beneath wall 1y. 

The impact of the force couple, Fi,t,Ed=13,65 kN and Fi,c,ed=‐13,65 kN, resulting from the shear force in wall 1y 

is considered on the glulam beam beneath wall 1y, to see if it is stiff enough to resist the uplifting force 

Fi,t,Ed. The left side moment from Fi,t,Ed and gd,wall 1
y around the point where Fi,c,ed is acting will be considered, 

as this is where the maximum moment will be. So Mmax= Fi,t,Ed*4,8m‐ gd,wall 1
y * (4,8m)2/2 = 36,23 kNm. 

The bending strength of the glulam beam is however strong enough to withstand this moment, see 

appendix A2.2.2.1.4. 

Anchorage of wall 2y and 3y 

The dead load carried above wall 2y and 3y stems from the WS roof modules and the TE roof, but this dead 

load is of course counter acted by the vertical component of the wind suction on the roof, therefore the 

vertical line load above wall 2y and 3y  is calculated as; 
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, 	 / , ∗

4,5
2,85 , ,

cos 23°

. 67° , , 23° , ,
4,5
2,85

	 	#

2

0,9 ∗
1,58 ∗ 0,47 0,66

cos 23°
1,5 sin 67° ∗ 0,85 sin 23° ∗ 0,75 1,58

∗ 0,767
2,85
2

0,69  

 where  	 	#  is the modular width of TE module #2 (see Figure 1) and thereby also the span 

of the roof beams, which are simply supported on the module supporting lines. 

 where  , ,  and  , ,  are the wind pressure coefficients for zone H and D according to Figure 

3. 

 The wind load and the dead load of the WS roof is multiplied with a factor 4,5m/2,85m because 

4,5m is the span taken for these loads in the walls, see Figure 15. 

As wall 2y is 3,2m and wall 3y is 1,7m the active vertical loads to counterweight their uplifts will be  

, 	 0,69 ∗ 3,2 2,19 																		 , 	 0,69 ∗ 1,7 2,19  

Once again, these forces are not nearly enough to counter act the tension forces given in Table 3. And 

hence the weights of the footings and floor construction must be activated again. 

, 	 / , 	 0,77 0,69 2,46  
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Figure 13. “Beam model” for glulam beam beneath wall 2y and 3y. 

The largest moment is again found for the left side of the beam giving Mmax= Fi,t,Ed,2y*3,2m‐ gd,wall 2
y * 

(3,2m)2/2 = 35,12 kNm. 

The bending strength of the glulam beam is however strong enough to withstand this moment, see 

appendix A2.2.2.1.5. 

 

2.2    Transversal shear walls 

Based on the reaction forces found for wall 1x, 2x, 3x, 4x and 5x in Table 2 the load carrying capacities of 

these walls are all verified according to clause 9.2.4.2 of EC 5 in appendices A2.2.2.2.1 and A2.2.2.2.2. 

Plate cladding:  2 x  12mm OSB 

Nail diameter, d:  2,1mm 

Nail length, L:    50mm 

Nail tensile strength, fu:  600MPa 

Nail spacing, s:  100mm (along all edges) 

 

Once again, clause 9.2.4.2 can only be applied for anchored walls. In the following stability calculation it will 

be proven that enough dead load is preventing any uplift of the walls.  

Wall  Fi,v,ED  Fi,t,ED / Fi,c,ED 

1x  17,95 kN  10,52 kN 

2x  17,95 kN  14,49 kN 
Table 4. Vertical forces in transverse shear walls. 
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The glulam beam underneath the west TE façade will be the most critical one and the following setup is 

investigated. 

 

Figure 14. “Beam model” for anchorage of wall 1x and 2x. 
 

First it is seen that luckily the gathered downward force provided by the dead load is larger than the 

upward forces and thereby translation is prevented. The biggest moment is once again found for the left 

part of the beam, taking the moment about x=10,52kN /2,56kN/m = 4,14m => Mmax=21,79kNm. The 

glulam beam once again has enough capacity to resist the bending, see appendix A2.2.2.2.3. 

1   Global stability 
 
1.1    Shear walls  

The stability will be calculated according to a plastic distribution because of the limited height of the 

dwelling.  

For horizontal load in the longitudinal direction the following distribution of load is assumed for the four 

longitudinal shear walls; 1y, 2y, 3y and 4y (WS gable wall). Wall 1y takes the load corresponding to a span of 

3,7m, wall 2y and 3y shares the load from a span of 4,5m and the WS gable wall takes up the load from a 

span of 2,8m. 
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Figure 15. Distribution of horizontal, longitudinal load. 
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For horizontal load in the transversal direction the shear walls 1x and 2x are assumed to share the loading. 

 

Figure 16. Distribution of horizontal, transversal load. 
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A2.3 Calculation of Statics – Connections 
 

1 Thermal Envelope 

 

1.1 Floor‐wall connection 

See appendix A2.3.1.1 

 

 

 

1.2 Wall‐wall connections  

(to come for DEL#6) 

 

1.3 Beam‐beam connections 

(to come for DEL#6) 

 

2   Weather Shield 

2.1 Roof module secondary beam to main beam connection 
(to come for DEL#6) 
 

2.2 WS gable wall / Thermal envelope 
(to come for DEL#6) 
 

2.3 WS roof modules / WS roof modules 
(to come for DEL#6) 

2.4 WS roof modules / WS roof modules 
(to come for DEL#6) 
 

2.5 Gable wall elements connections 
(to come for DEL#6) 
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3   Flexible Room 

3.1    Deck‐wall connections 

(to come for DEL#6) 

 

4   Thermal Envelope / Flexible Room 

4.1    TE module #4 / Flexible Room deck 

(to come for DEL#6) 

5   Thermal Envelope / Weather Shield 

5.1    TE roof / WS roof modules 

(to come for DEL#6) 

A2.4 Calculation of Statics – Footings/foundation 
The vertical and horizontal forces are directed to the ground through point foundations comprised by a 

total of 40 concrete tiles. To ensure the horizontal stability of the building during strong wind forces, the 

foundation tiles are secured to the foundation beams as it is seen in the foundation details in drawing ST‐

003. The foundation beams are then secured to the glulam beam in the thermal envelope as seen in the 

detail drawing ST‐002.  

1   Horizontal load transfer 
The calculations are based on the worst case scenario which is considered to be wind from east/west 

combined with uplift. The dead loads of the stairs, the flexible room, the WS gable wall and the TE north 

and east facades were conservatively left out in the calculations.  

Figure 4 and Figure 6 shows the dead loads and the wind loads, respectively, which were implemented in 

the calculations. The uplifting forces were subtracted from the dead loads, yielding the effective dead load. 

The available frictional force between the foundation tiles and the plot surface is found by multiplying the 

effective dead load with an assumed static frictional coefficient of  0,5. Using the difference between 
the available frictional force and the actual horizontal wind load, the additional weight needed from the 

foundation tiles is calculated. Based on this result, it is determined that a total of 76 concrete tiles of 

dimensions 800x800x50mm are needed in order to ensure the horizontal stability of the building. The 

calculations are to be reviewed in Appendix A2.4.2.1. Placing two tiles at each foundation leaves a need of 

at least 38 foundations. The actual layout of the foundation tiles includes a total of 80 tiles. As two tiles are 

placed at each foundation, a total of 40 foundations are used. The layout of the foundation tiles are to be 

seen in drawing ST‐001. 

2 Vertical load transfer 
The vertical forces are transferred to the soil through the 40 foundations. According to the rules (Rule 

51.6), the design bearing capacity of the soil is 50kN/m2, and therefore the vertical pressure at each 

foundation is ensured not to exceed this limit. The calculation is to be reviewed in Appendix A.2.4.2.1. It is 
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seen that the pressure implicated on the ground beneath each foundation is 9,96kN/m2. Even though this 

might be higher due to extra self‐weights , imposed loads and uneven distribution of loads, the value is too 

far from the limit of 50kN/m2 to pose a threat to the vertical stability. 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendices 
 
A2.1 

1   Thermal Envelope 
       1.1    Roof slab 
     Appendix A2.1.1.1 – TE roof slab DK standard 
  1.2    Intermediate floor slab 
     Appendix A2.1.1.2 – TE intermediate floor slab DK standard 
  1.3    Terrain floor slab 
     Appendix A2.1.1.3 ‐ TE terrain floor slab DK standard 
  1.4    Façade walls 
     Appendix A2.1.1.4.1 – TE façade studs LC1 
     Appendix A2.1.1.4.2 – TE façade studs LC2 
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     Appendix A2.1.1.4.3 – TE façade studs LC3 
     Appendix A2.1.1.4.4 – TE façade studs LC4 
     Appendix A2.1.1.4.5 – TE façade studs LC5 
  1.5    Internal load carrying walls 
     Appendix A2.1.1.5 – Internal studs DK standard 
 
  1.7    Beams and columns around wall openings 
     Appendix A2.1.1.7.1 – Window opening 
    Appendix A2.1.1.7.2 – Door opening 
  1.8    Beams and columns around wall openings 
    Appendix A1.1.1.8.1 – Floor beam for module 3 & 4 
    Appendix A1.1.1.8.2 – Roof beam for module 1 & 2 
 
2   Weather Shield 
       2.1    Roof slab 
     Appendix A2.1.2.1.1 – Glazing 
    Appendix A2.1.2.1.2‐1 – Main Beams 

    Appendix A2.1.2.1.2‐2 – Main Beams 

    Appendix A2.1.2.1.3 – Secondary Beams 

A2.2 

 

2   Local Stability 

       2.1    Longitudinal Stability 

     Appendix A2.2.2.1.1 – Wall 1y 

    Appendix A2.2.2.1.2 – Wall 2y 

    Appendix A2.2.2.1.3 – Wall 3y 

    Appendix A2.2.2.1.4 – Wall 1y anchorage 

    Appendix A2.2.2.1.5 – Wall 2y + 3y anchorage 

 

A2.4 

1   Horizontal Stability  Appendix A2.4.1.1 – Footing Horizontal Stability 

2  Vertical Stability  Appendix A2.4.1.1 – Footing Vertical Stability 
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