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2A. Window‐to‐Wall Ratio 

Calculate the window‐to‐wall ratio for each elevation and the entire building. The window‐to‐wall ratio of a 
building is the percentage of its facade taken up by light‐transmitting glazing surfaces, including windows and 
translucent surfaces such as glass bricks. It does not include glass surfaces used ornamentally or as opaque 
cladding, which do not provide transparency to the interior. Only facade surfaces are counted in the ratio, and 
not roof surfaces. 
Here is the procedure for classifying facades 
that do not face a cardinal direction. In 
general, any orientation within 45o of true 
north, east, south, or west should be 
assigned to that orientation. If the 
orientation is exactly at 45o of a cardinal 
orientation, use the diagram at right to 
classify the direction of the façade. For 
example, an east‐facing surface cannot face 
exactly northeast, but it can face exactly 
southeast. If the surface were facing exactly 
northeast, it would be considered north‐
facing. 
As the window‐to‐wall calculation is a ratio, 
you may enter area in square feet or meters. 

North 
Step 1: Total area of light transmitting glazing surfaces on north facade: _________________ 
Step 2: Total area of north façade: _________________ 
Window‐to‐wall ratio of north façade =   _ number from step 1_  =  _________________ 
    number from step 2 
East 
Step 1: Total area of light transmitting glazing surfaces on east facade: _________________ 
Step 2: Total area of east façade: _________________ 
Window‐to‐wall ratio of east façade =   _ number from step 1_  =  _________________ 
    number from step 2 
South 
Step 1: Total area of light transmitting glazing surfaces on south facade: _________________ 
Step 2: Total area of south façade: _________________ 
Window‐to‐wall ratio of south façade =   _ number from step 1_  =  _________________ 
    number from step 2 
West 
Step 1: Total area of light transmitting glazing surfaces on west facade: _________________ 
Step 2: Total area of west façade: _________________ 
Window‐to‐wall ratio of west façade =   _ number from step 1_  =  _________________ 
    number from step 2 

Total Building Window‐to‐Wall Ratio 
Step 1: Light transmitting glazingtotal = step onenorth + step oneeast + step onesouth + step onewest = 
__________________ 
Step 2: Façade areatotal = step twonorth + step twoeast + step twosouth + step twowest = ______________ 
Total window‐to‐wall ratio =  _number from step 1_  =  _________________ 
    number from step 2 

 

2.A
Window to Wall Ratio - Parcel 1 & 2

185.77 m2

372.00 m2

380.81 m2

411.57 m2

5345.24 m2
1350.15 m2

1249.19 m2

1397.97 m2

1213,88 m2

1502.20 m2

0.15

0.27

0.31

0.27

0.25
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2B. Window Openings and Window Shading 
 
In the space below, describe the design approach at window openings to regulating incoming light and heat from the 
sun. Briefly describe the type of window and glass used on the east, south, west, and north elevations and the 
performance numbers targeted for U‐factor, solar heat gain coefficient (SHGC), and visible transmittance. 
 
Type of window and glass: 
 
 
 
 
 
 
East facing 
U‐factor: ____________________; SHGC: ______________________; Visible Transmittance: ___________________ 
 
South facing 
U‐factor: ____________________; SHGC: ______________________; Visible Transmittance: ___________________ 
 
West facing 
U‐factor: ____________________; SHGC: ______________________; Visible Transmittance: ___________________ 
 
North facing 
U‐factor: ____________________; SHGC: ______________________; Visible Transmittance: ___________________ 
 
 
If you included a projecting shading device(s) or a window reveal, include a diagram of a representative residential 
window on the south and the west elevations showing shadows cast at the dates and times shown below. These studies 
should be for ”solar time’ rather than “clock time.” (In solar time 12 noon represents the moment when the sun is due 
south and at the highest point in the sky it will reach that day.) Impose a 1’‐0” grid on the window to make it possible for 
jurors to see the percent shading achieved at each time.  
 
While there are a number of software tools that can be used to accurately cast shadows,it is straightforward to do this 
analysis in SketchUp, a free software tool. 
 
South Elevation:  
  December 21:   9 am, 12 noon, 3 pm 
  March/September 21:   8 am, 10 am, 12 noon, 2 pm, 4 pm 
  June 21:   9 am, 12 noon, 3 pm 
 
West Elevation:  
  December 21:   3 pm 
  March/September 21:   2 pm, 4 pm 
  June 21:   3 pm, 5 pm 
 

 
 

2.B
Window Openings & Window Shading
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2.B
Window Shading Diagrams South
March/September 21st

June 21st

08.00

09.00

09.00

10.00

12.00

12.00

12.00

15.00

15.00

14.00 16.00

December 21st
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2.B
Window Shading Diagrams West
March/September 21st

June 21st

15.00 17.00 17.00 (with shutters)

15.00

14.00 16.00 16.00 (with shutters)

December 21st
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2.C
Building Enclosure Detail
Detail section parcel 2. The general solutions applied are rele-
vant for the full development. 
Timber is used as the general building material for its low car-
bon footprint, transversal construction in the exterior walls 
and cross laminated timber in the separating walls and slabs.
Windows are generally placed in the insulation to make a line-
loss of 0.

Scale - 1:20

Monocrystaline PV-panels with a 15% 
e�ciency & an inclination of 15deg

580 mm mineral wool bats in the roof. 
Total R-Value of roof construction: 16.67

Bulkwater is collected and used to irrigate 
outdoor areas as well as in toilets

470 mm mineral wool bats in the ext walls. 
Total R-Value of wall construction: 10

Living room - no lowered ceiling

Vapor barrier ensures an airtight 
construction

Automatic window opening for natural 
ventilation 

Double layered transversal construction 
in the exterior wall minimizes thermal-
bridging

Cross laminated timber elements in the 
slabs and interior walls ensures stability 
and strength

Velfac 200 Helo energy windows.
Total R-Value: 1,2   SHGC: 0,5   LT: 0,72

Suspended ceilings with ducts for 
mechanical ventilation
100mm of insulation to prevent sound 
from transfering between the �oors
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2.D
Whole Building Heating & Cooling

Hot season
In the summer the building is cooled down by an 
efficient automatic natural ventilation system capa-
ble of creating an air change which will keep an ac-
ceptable temperature. This is supported by shutters 
which helps shield up to 80% of the incoming heat 
transfered by radiation and a system of circulating 
fluid cooled by the geothermal system.

Heating season
In the heating season the mechanical ventilation 
units situated in each apartment takes over. These 
units efficiently keeps the heat inside using heat re-
covery while providing fresh air from outside. On 
parcel one geothermal heat is utilized using heat 
pumps and on parcel 2 the excess heat from the 
supermarket is supplemented by another geother-
mal system as well.

SUMMER

Supermarket

Parking Parcel 2 & Supermarket

Parking Parcel 2 & Supermarket

Parking Parcel 1Gas pipe

Parking Parcel 1

Cross ventilation

Cross ventilationSingle sided ventilation

WINTER
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2E
Diagram Sketches of Residential Unit System

Ventilation in hot-season
Wind and stack effect is used as natural driving forces to ventilate 
overheating in summer season through appropriate cross or sin-
gle-sided ventilation strategies. An indoor climate system measures 
the temperature and CO2 levels of the rooms and automatically 
controls the windows installed for the purpose of regulating the 
indoor climate. In this way overheating can be prevented and these 
openings are burglary safe due their small size. This solution based 
on windows has a better insulation capability than trickle vents, 
when not in use. Furthermore implementation of trees and more 
green on and around the building complex aids to clean the air 
from particle pollution caused by the surrounding traffic, and pro-
vides a healthier climate indoors as well as outdoors

All systems described below are relevant for both parcel 1 & 2.

Ventilation in heating season
As the mechanical ventilation system, decentralized efficient units 
with a low pressure loss and a high heat recovery ratio from the 
exhaust air is chosen. Energy for the fans are covered by the elec-
tricity production from the PV-panels. Air is generally provided in 
the clean areas of the apartment such as living spaces and removed 
through the toilets and kitchen areas.

Air provided
Air extracted
External inlet
External output

Heating
Heat pumps (COP of 4+)recovers heat stored in heavy building parts 
in the parking facility, geothermal systems as well as leftover heat 
from the supermarket. Heat from gray water is regained and used to 
heat up new water. In general the apartment is so well insulated and 
with such a low level of infiltration that the people and equipment 
such as the refrigerators has a high impact on the energy balance 
between inside and outside. Therefore it is advised to use low energy 
appliances to allow for a more steady conditions and save electric 
energy.  Electricity generally have high distribution loses and there-
for a high primary energy factor.   = Radiators
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2E
Diagram Sketches of Residential Unit System

Cooling
Shutters and automatic natural ventilation systems minimiz-
es the need for cooling.  In rare situations water cooled from 
the geothermal system can be used to cool via the mechani-
cal ventilation system.

Lighting
It is calculated that all parts of the apartment have a suffi-
cient level of natural daylight to decrease the need for elec-
tric light. When the daylight is not sufficient LED lighting 
is the chosen type of lights since they have a high efficiency. 
Vacancy sensors is installed in the bathrooms and wardrobe 
to lower the energy use.
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2.F
Renewable Energy
Reaching a Zero Net Energy development
The aim of the project has been to minimize energy consumption due to the 
need for mechanical cooling as well as heating. The main focus has there-
fore been on activating suitable passive, active and renewable strategies 
for this particular site and context. Iterative design studies have especially 
showcased passive strategies as a crucial factor on the energy consumption. 
In order to minimize heating a compact architectural form has been de-
signed with a low floor to facade area ratio with most living spaces oriented 
towards south and west. This combination, plus windows with a balanced 
g and u value, including shade from balconies and flexible shutters prevent 
overheating and ensures natural daylight. In addition the placement of the 
windows and building depth enables efficient natural cooling and fresh air 
through natural ventilation. 
The low u-values in the windows and high-insulated climate screen with 
low line losses prevent unwanted heat transmission, and hereby minimizes 
the need for heating. Heat recovery and heat pumps enables the ventilation 
system to cool or recover heat more energy efficiently.
The energy consumption calculation of the building volume has been on-
going and the energy strategies have been tested, optimized and balanced 
to reach a satisfying goal.
Since we have chosen to work with a connected building volume, the results 
are for both sites at once.

Energy Production
Solar potential for fixed photo-voltaic panels with a 15deg inclination to-
wards the south in Oakland has been calculated to be 5,07 kWh/m2/day 
(http://pvwatts.nrel.gov/)
Photovoltaics  on the roof: 1940 m2  + 860 m2 operating at 80% due to occa-
sional shadows from buildings  
Type: Primary energy factor: Electricity 2.89 (Factors for Energy Use in 
Buildings - www.nrel.gov/docs/fy07osti/38617.pdf) 

Zero energy goal
Electricity per unit for low energy light and appliances: 2000 kWh/year.
Using the passive and active strategies uitilized in this project it is possible 
to bring down the energy need for heating and cooling to an extent where 
it is the consumed electricity which is the largest entry.  By producing 
electricity on-site the high losses normally seen from production to con-
sumation can be eliminated and therefore, when taking this into account 
- a net zero energy development can be a reality.

Average for apartments: 
11.2 kWh/m2/year
3,55 kBTU/sf/year

Total for apartments:
128.800 kWh/year

439.483,84 kBTU/year

Light and appliances:
500.000 kWh/year

1.706.070,82 kBTU/year

Grocery store (73,3 kBTU/sf/year):
644.298,66 kWh/year

2.198.438,28 kBTU/year

Total PV Production: 
729.986,47 kWh/year

2.490.817,23 kBTU/year

Balance without primary energy 
factors:

-543.112,19 kWh/year
-1.853.175,71 kBTU/year

Balance with primary energy factors:
+525.878,40 kWh/year

+1.794.371,58 kBTU/year

Energy Balance

Renewables

Energy demand
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2.G
Occupant Behavior
The building is laid out to make tenants able to enjoy the outdoor spaces even in the raw context characterized 
by traffic, and large parking spaces. By placing gardens on the top of the base, the inhabitants is provided with a 
space which is distanced from the traffic of the surrounding streets. On top of this a new square is established in 
front of the supermarket, and the general parking facilities are placed underground. A vast amount of our carbon 
emission comes from transportation in cars, so the intention is to make it easier and more favorable to move on 
foot or on bike – these design features among others creates a base for this.

On an apartment level small information screens shows the current energy consumption in the unit as well as 
other data concerning energy production and consumption. This is an important aspect of making the inhab-
itant conscious of their energy use and helps to make it a common project to bring down energy demands and 
live in a more sustainable way.
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