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SYNOPSIS

The project takes its point of departure in the Bolig+ com-
petition with the goal to reach a zero-emission  building on 
Nørresundby harbor front containing a mix of dwellings, offices 
and other public functions together with recreational areas. The 
project is based on environmental strategies in an integrated 
design process to fulfil the low energy requirements, without 
compromising the architectural quality.

SYNOPSIS dansk

Projektet tager udgangspunkt i Bolig+ konkurrencen, med hen-
blik på at designe en energineutral boligbebyggelse som også 
indeholder et mix af kontorer, butikker og andre offentlige funk-
tioner, sammen med rekreative opholdsrum, på flere niveauer. 
Den integrerede design proces (IDP) vil blive benyttet igen-
nem projektet, hvor energirigtige strategier og arkitektoniske 
visioner flettes sammen til en enhed, hvorved et integreret de-
sign opnås. 

TITLE PAGE
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PREFACE

This project is a master thesis project, developed by group no. 
10, Helle Hejler Andersen & Mathias Lind Klogborg, 4th semes-
ter master Architecture, at Architecture & Design, University 
of Aalborg. 

The project focuses on designing a low-energy class 1 building 
at the harbor front of Nørresundby, integrating both dwellings 
and other functions. Furthermore, the building must be energy-
neutral, based on an energy production from renewable energy 
sources.

To solve this task, the Integrated Design Process (IDP) will be 
used as a tool during the entire project to reach an integrated 
design during an iterative process. The IDP focuses on integrat-
ing architecture, design, energy consumption, functional and so-
cial aspects, indoor environment, technology and construction 
principles in the design.

The project is based on “The Bolig+” program, which originate 
from an architectural competition project that ended in 2009. 
Five architect firms from Denmark had been invited to the 
competition and all gave their suggestions to the future Bolig+ 
building in Nørresundby.  A winner of the competition is found. 

The program proposes a mix of dwellings and other functions,  
with emphasis on designing 60 dwellings, which holds the low-
energy class 1 and the zero-emission aspect. 

The report is divided into three phases, reflecting the work 
method of the project. The three phases are analysis-, sketch-
ing-, and synthesis phase.
Regarding references, the Harvard method has been applied.
Additional specifications and calculations can be found in the 
appendix and on the CD at the end of the report, along with 
literature and illustration lists.
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ill. 1 View from South/West towards SC9400

LARGE
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ill. 2 View from South/East, harbor bath and SC9400

The building concept is based on the meeting 
between landscape and city. From the west 
the landscape becomes a part of the building, 
forming an organic plane which floats between 
the white buildings. The plane defines a space 
below, which has a mixed program of public 
and semi public functions and urban spaces. 
These functions relate to the flow of people 
along the harbor front, as well as the inhabit-
ants in the building, and will work as a catalyst 
for life in the area. 
The white volumes contain energy neutral 
apartments, which are orientated according 
to sun and wind, with the highest buildings 
towards north, in order to provide equal day-
light to the apartments, and the urban spaces 
around them.

Approaching the area from east, the landscape 
transforms into a base with public functions in 
close relation to a future harbor bath. The edge 
of the building is characterized by the urban 
context and is contrary the west side, defined 
by the edge of the city. This area will be a centre 
with much activity, which also has been merged 
onto the rooftop of the lower buildings and the 
landscape, to create a floating space between 
the private and the public.
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ill. 3 Site plan 

RAMBLA

0 50 m

The overall concept is revealed in the 
master plan. The base, with the organic 
landscape, is defined by the city edges, 
merging itself together with the green ar-
eas towards west. In contrast to the soft 
curves of the landscape, the defined vol-
umes stand in formation of two and two, 
creating outdoor spaces in between. In the 
landscape, wholes are cut out, to provide 
daylight to the functions below, and to cre-
ate more intimate outdoor spaces below 
and above the surface of the landscape.
As building it stand out according to the 
rest of the master plan, fulfilling the idea of 
the area being for experimental architec-
ture. But it also softens up the boundaries 
between the recreational areas, the “ram-
bla” and the dens city. 
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ill. 4 Energy Concept

Heat pump Fiord heat

mechanical ventilation 
with heat recovery 

(winter)

Surplus electricity, is 
sold to the power grid

Transformer

POWER HEATING

Summer solstice 21.Jun.Ambient light - minimize need of 
arti�cial lighting

Winter solstice 21.Dec.

3 Tripple glazed energy windows
Thermal mass; concrete internal walls
Building envelope, with 450mm of insulation

Light colored surfaces, re�ects and distribute 
daylight into deep spaces

Overhang from balconies, and solar shading
minimize heat gain in the summer

Solar colectors
for hot water production

Natural ventilation - cross 
ventilation (summer)

Green roofs; with sedum grass, 
improve thermal inertia and 
avoid heat islands

Vegetation, improves 
biodiversity

Passive gained solar heat

Photo voltaic “plant” as 
transparent panels in the 
facade shading system 
and the space in between

Fresh air intake

Fresh air supplied 
in living areas - 
exhaust air taken 
from poluted 
spaces

Exhaust air

The building is based on an energy concept, integrating vari-
ous sustainable and energy efficient solutions, which can be 
separated into passive and active strategies. All together, the 
principles should help achieving high energy efficiency, good 
architectural quality, and an amount of signalling value, which 
gives character to the building, and makes it stand out as more 
than just a building.
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CAFÉFITNESS  SPA
YOUTH CENTRE

0 5 10
ill. 5 South Facade

Towards south the volume opens up, in order to gain passive 
heat from the sun. The character is based on the shading ele-
ments in the facade, which helps to prevent overheating in the 
summer period. The volumes are connected two and two by a 
central element, which stand as an open structure from where 
access to the apartments can be found.
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DWELLINGS DWELLINGS

KINDERGARDEN DAY CAREINSTITUTION

0 5 10ill. 6 West Facade

To the west, the buildings stand as more closed structures. The 
base increases in size making space for dwellings and a kinder-
garten, in close connection to the green areas towards west. 
The holes in the base make room for a more green character 
with trees, which soften up the levels between landscape and 
building.
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RESTAURANT

OFFICE
YOUTH CENTRE

SPA WELLNESS DWELLINGS

0 5 10ill. 7 East Facade

To the east, the apartment volumes stand as relatively closed 
structures as towards west, but the base and the functions in it 
are more defined by the city. Openings in the facade give access 
to the public and makes space for parking below the landscape.
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RESTAURANT

OFFICE
YOUTH CENTRE

SPA WELLNESS DWELLINGS

0 5 10

OFFICE
OFFICE

DINERconvenience store

RESTAURANT

SC9400

0 5 10
ill. 8 North Facade

The facade principle is rapped around the apartment volumes, 
but on the north side more permanent cuts are implemented 
to supply the apartments with ambient light. The base rise up 
to three floors on the north-east corner, giving space for office 
functions. The corner is more representative, and the north ori-
entation, is more optimal for office functions, which need much 
ambient light and less direct sun light to prevent overheating.



MEDIUM

ill. 9 Close-up view of facade and the space connecting the buildings

The buildings are defined by an outer 
skin, which is rapped around the entire 
volume. Towards the south the facade 
turns into a shading system, which can be 
used in the summer period to prevent 
overheating. The skin consists of perfo-
rated steel panels, which has integrated 
transparent PV’s towards south, west 
and east. This principle turn the facade 
into a power plant, that produce electric-
ity in order to achieve energy neutrality. 
The access space between the buildings 
stand as an open green structure with 
transparent PV’s towards south, which 
binds the two volumes together.



ill. 10 View upon landscape, holes cut into base defining space in street level

MEDIUM
The landscape stands in contrast to the apartment vol-
umes, with its organic structure. The base is, due to the 
location, a more semiprivate area, which the inhabitants 
in the apartments can use for recreational purposes, but 
there are access to street level, both from south-west, 
where the landscape moves down to street level, but 
also via stairs through the holes in the plane.



ill. 11 View from access road between two buildings

The space between the volumes is an open structure, 
build up around the access to the apartments, and binds 
the volumes together two and two. It will also have a 
green character, improving biodiversity in the building, 
and through transparent PV’s towards south, it will also 
provide some of the electricity for the apartments. The 
green character will create a more intimate space be-
tween the buildings, which will be the first area the in-
habitants enter before they get to their home. 
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ill. 11 View from access road between two buildings ill. 12 View from roof top

The apartment buildings are grouped two and two around a central 
access point. This access point continues all the way to the roof top 
of the building. Here the floor is continued into an open rooftop 
area dedicated to semipublic activities. The facade continues over 
the roof top and change character into a screen which help to shel-
ter from the wind and makes a more pleasant outdoor space.
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SMALL

TYPE B

38 m2 LIVING/KITCHEN/DINING

BEDROOM/OFFICE

BATHROOM

HALLWAY

TERRACE

14 m2

 6 m2

 5 m2

 17 m2

TYPE B
TOTAL 80 M2

LIVING/KITCHEN/DINING

LIVING/OFFICE

BATHROOM

HALLWAY

TERRACE

TYPE A
TOTAL 123 M2

BEDROOM

BEDROOM

BATHROOM
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ill. 13 Plan 1:200, apartment type B + A

TYPE A

TYPE C TYPE A

40 m2

14 m2

 6 m2

 5 m2

 25 m2

13 m2

13 m2

 7 m2

ill. 15 Organization of apartments around central access

ill. 14 Apartment types B + A, perspective view



ill. 16 Plan 1:200, Apartment type C, 2nd floor

LIVING/KITCHEN/DINING

BEDROOM

BATHROOM

BATHROOM

TERRACE

TYPE C
TOTAL 155 M2

BEDROOM

BEDROOM

HALLWAY

65 m2

14 m2

 5 m2

 5 m2

34 m2

13 m2

13 m2

 6 m2

ill. 17 Plan 1:200, Apartment type C, 1st floor

ill. 18 Apartment type C 1st floor

ill. 18 Apartment type C, ground floor
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ill. 19 View from inside apartment type A

The main living area is located in the 
centre of the apartment, with daylight 
coming from both north and south. 
The spaces are therefore well lit, 
which minimize need of artificial light-
ing. Passsive heat is gained through 
large glassed facades towards south, 
which goes from floor to ceiling. In 
the summertime the shading devices 
in the south facade will give character 
to the living room, and prevent over-
heating. In the summer heat accumu-
lating internal walls will store passive 
heat, minimizing the need of further 
heating.
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ill. 20 View interior,  looking at Housekeeper

House keeper

With help from an intelligent system called 
house keeper, the inhabitants can easily control 
all electronic equipment in the apartment, and 
in that way minimize the energy use for electric-
ity. The system is also an entertainment centre, 
which can go online, play music and stream TV 
broadcasting. It can also tell exactly how much 
electricity different electronic devices in the 
apartment consume, and keep statistics which 
will help the users to be aware of their everyday 
behavior and their energy use over time.   
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MOTIVATION

The climate changes are considered one of the world’s greatest 
challenges. In many places on the planet, it can already be seen 
that the weather has changed. In parts of the world, there is 
more precipitation than before, while high temperatures affect 
other places. Today, the volume of CO2 and other greenhouse 
gases far exceeds what has been the natural level over the past 
650,000 years. The amount of CO2 is 35% higher than before 
industrialization, and the amount of methane has more than 
doubled. [en.cop15.dk] , [china.org]
Climate change in itself is nothing new. These haven taken place 
throughout history, with both ice ages and warm periods. What 
is new is that man-made emissions have led to a massive in-
crease in the volume of greenhouse gases in the atmosphere, 
and that global warming is happening significantly faster than 
previously experienced. [ambbeijing.um.dk]
In December 2009 in Copenhagen, the climate change confer-
ence, Cop15, was conducted. Parties from all over the world 
gathered in the intention to come to a global climate agree-
ment.  No agreement was signed at this time, but still, it was a 
start, and an eye-opener. 
This is not a problem that can be fixed by only one country. 
The entire world must contribute to lower the CO2 emission 

in order to keep the consequences of the global warming as 
low as possible. If we do not act, the consequences will have 
great impact on mankind, animals and vegetation. [en.cop15.dk] 

Since the building industry emits more than 40% of the Danish 
energy consumption this is a focal point to act on. As archi-
tects we play an important role. It is worth making an effort 
to reduce the energy consumption, in order to save money, 
CO2 emission, and at the same time design better homes and 
indoor environments for people to live in.
An intriguing part of the term sustainability is the possibility 
to minimize energy consumption greatly, merely by exploiting 
the surroundings when designing. This means that the relatively 
cold and windy Danish weather can be turned into an active 
and integrated part of the design. 
Climate and energy are closely bound together. The greater 
part of the CO2 emitted in Denmark and in the rest of the 
world come from our energy consumption. The government 
has a long-term vision of making Denmark completely inde-
pendent of fossil fuels such as coal, oil and gas. By doing this 
we strongly limit our green house gas emissions while ensuring 
our energy supply security. The vision will not realize itself – It 

will require political action as well as action on the part of 
individual citizens. In Denmark, the energy consumption must 
be reduced by at least 25% of the present level by 2010, and 
by 75% by 2020. 
Annual new construction only constitutes about 1% of the 
overall building stock. This means that it is very important also 
to save energy in existing buildings. Appropriate energy-saving 
solutions must be chosen for renovations and replacements. 
This means more insulation, better windows and more efficient 
supplies, making use of sustainable energy. [Hedegaard, Sustain-
ability, p.9]

The illustration below to the left shows a world map, which 
illustrates the emission of CO2 via the burning of fossil fuels of 
different countries throughout the world. It can be seen that 
the United States and China are the countries with the highest 
emissions, but Denmark and many other industrialized coun-
tries follow up. The illustration below to the right shows the en-
ergy consumption in Denmark, with transportation being the 
biggest consumer. Even though the residential part says 30% 
this number will be higher when adding building construction 
costs and transportation related to the building industry. 

ill. 22 Energy consumption in Denmark

1,000,000 - 5,000,000

5,000,000 +

300,000-1,000,000

100,000-300,000

50,000-100,000

20,000-50,000

5,000-20,000

1,000-5,000

0-1,000

ill. 21 Countries by Co2 via the burning of fossil fuels

M
O

T
IVAT

IO
N

 

Transportation 
33%

Residential 
30%

Trade & Service 
13%

Agriculture & indusrty
 24%
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INITIAL PROJECT SCOPE

- A building with a mix of functions and users

- Emphasise on designing 60 apartments of Low Energy Class 1

- Zero-emission 

- Architectural experiment

- Relate to the surroundings of the area

- Exploiting the macro climatic conditions 

This graph is basically divided in the same way in every indus-
trialized country. 

The biggest consumer within transportation is the one hap-
pening on the roads, and specially the private transportation is 
a big consumer. One would assume that transportation being 
the biggest consumer would result in this being the focus area. 
Perhaps it is easier to act on the residential issue, rather than 
transportation. Both issues are a matter of changing peoples 
behaviors, but transportation is closely connected to lifestyle, 
workplaces, hobbies and the feeling of independency and free-
dom, and it is a necessary item in many peoples everyday life. 
It is easier to continue the same way of living, even though 
the focus is the building industry. People want to show that 
they are helping the environment and living by sustainable prin-
ciples, but they are not willing to give up their car. Cars running 
on electricity are on the market, but have not really had their 
break-through, yet. 

Within the residential energy consumption in Denmark, the 
heating demand is the biggest consumer. See the illustration 
below. This is where the new sustainable way of building low 

Heating
79%

Electricity
15%

Hot water
6%

ill. 23 Residential energy consumption in Denmark

energy buildings contribute to lower the need for heating 
by the use of passive heating within a tight and well insu-
lated building envelope. Renewable energy sources apply 
to both heating, electricity and hot water demands, and are 
issues that this project will focus on as well, being a zero-
emission building. 
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METHODOLOGY

In the methodology chapter, the project structure, phases and 
the methods used to complete this project, will be suggested 
and described in order to create a more clear and structured 
process. 

The Integrated Design Process (IDP) will be used as the main 
method during this project, in order to achieve the design of 
an integrated building. The aim of the IDP is to combine archi-
tecture, design, functional aspects, energy consumption, indoor 
environment, technology and construction. 
The IDP is an iterative process, and will be used during all phas-
es of the project. Even though the structure is described in a 
linear process, it is important to understand that the process is 
iterative and will be used in this sense.

The Integrated Design Process consists of different phases, 
which are listed in the diagram below. Note that the struc-
ture of the report is organized differently with the presentation 
phase in the beginning of the report. 

 

ill. 25  Sketching process     

• Synthesis Phase
Architectural and functional qualities, the construction and de-
mands for energy consumption and indoor environment flow 
together. More qualities can be added. 

• Presentation Phase
The final project is presented in a report, drawings, 3d visualiza-
tions and physical models. 
[Knudstrup, Integrated Design Process]

Different design and calculation tools will be applied in the dif-
ferent phases of the project in order to have the integrated 
design process function optimally. Below is a sum-up of the 
applied tools in the project, and a more detailed use of the 
tools in the different phases of the project can be found on 
the next page.  

Tools applied in the Analysis Phase are:
 - Brainstorms
 - Hand sketches
 - Physical models
 - Pre-designed spreadsheets regarding; 
  - 24 hour- and month average
  - Energy consumption
  - Internal heat gains

Tools applied in the Sketching Phase are:
 - Hand sketches
 - Physical models  
 - Digital sketches, in sketch-up, Rhino, 3ds Max 
 - Ecotect, daylight factor
 - Be06 + Be06 tool kit
 - Predesigned spreadsheets regarding;
  - Natural ventilation
 
The tools applied in the Synthesis Phase are:
 - Hand sketches
 - Digital sketching in  Sketch-up, Rhino, 3ds Max
 - Render in Vray 
 - Ecotect
 - Be06 + toolkit
 - BSim
 - AutoCAD

Tools applied in the Presentation Phase include:
 - Adobe CS4; Illustrator, Indesign, Photoshop
 - Autocad
 - Digital tools in 3ds Max, Rhino
 - Render in Vray

ill. 24  Integrated Design Process     

ill. 26 Integrated Design Process     

PROBLEM ANALYSIS SKETCHING SYNTHESIS PRESENTATION

PROGRAM

PLANS

VENTILATION

CLIMATE SCREEN

ARCHITECTURAL REFERENCES
ARCHITECTURAL VOLUMES

FUNCTIONS

USER PROFILE

INDOOR CLIMATE

SUN- AND WIND CONDITIONS

CONSTRUCTION

VISUAL IMPACT

PROJECT

IDEAS SKETCHESSKETCHES

SKETCH 
PROPOSAL

AIM &
PROGRAMME

SKETCHING PROCESS, INCREASING AWARENESS, SELECTION AND REWRITING

TOOLS

• Problem Statement

• Analysis Phase
The analysis phase includes an analysis of the site, urban de-
velopment plans of Nørresundby harbourfront, exploration of 
sustainablity, principles of energy consumption, user profile etc. 
The result of this phase will end up with an energy strategy and 
an architectural concept followed by the aims of this project.
• Sketching Phase
Through the sketching process architectural ideas are linked 
to principles of construction, energy consumption and indoor 
environment, as well as the functional demands of the new 
building. 
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Analysis phase

The analysis phase is a general start where studies on basic 
principles are performed and overall ideas and concepts can 
be tested. The program writing is a part of the analysis phase, 
which includes the following;

A context analysis based on the municipality plans, theories of 
Kevin Lynch, registration and photographing of the site and the 
surroundings of the site. 

Investigations of macro climatic relations on the site; sun/shad-
ow, wind, noise and pollution. Tools applied to investigate sun 
and shadows on the site and simple 3d studies and renders, 
pre-designed spreadsheets regarding month average.

These investigations should result in a conclusion which high-
lights the positive and negative aspects of the site.

Analysis of what sustainability and sustainable design is, explain-
ing the different approaches to sustainable design, and the dif-
ferent requirements. 
Analysis of social- and urban sustainability, and how this can be 
integrated into the project. Case studies will be used as a tool 
to investigate the qualities of these aspects.

A conclusions of the analysis will be made, and include a list of 
design parameters and a room program, based on the analysis.

Finally, a vision for the project is presented through pictures 
and keywords.

Sketching phase

The sketching phase is an iterative process where the conclu-
sions, visions and ideas developed in the analysis phase/pro-
gram will be further investigated through sketches, physical  and 
digital models, calculations regarding energy consumption.

The organization of the project will be divided into three phas-
es; a small-, medium- and large phase, reflecting the apartment 
types, the overall building design and the urban context. Always  
in an iterative process of working inside out and outside in. This 
organization will also apply to the synthesis- and presentation 
phase. 

The ideas in the sketching phase are becoming more detailed, 
and tools applied in the process regard month-average spread-
sheet for fast energy-consumption calculations and Be06 for 
more detailed calculations. The Be06 tool-kit will also be ap-
plied, which is used for calculating the renewable energy sourc-
es applied. 
When sketching the apartment types, Ecotect will be used as a 
tool to calculate the daylight factor inside the apartments. Fur-
thermore, principles related to ventilation strategies will apply, 
and a pre-designed spreadsheet regarding natural ventilation 
will be used. Structural principles will also be developed in this 
stage.

The building exterior and volumes are based on the param-
eters found in the vision. The interior spaces and their arrange-
ments will be worked with according to the room program 
and the visions for the interior spaces. A master plan of the site 
will be developed with starting point in the vision, formulated 
in the program. 

Synthesis phase

In the Synthesis Phase the design is becoming even more de-
tailed and is developing into its final shape. 
The ideas of small, medium and large phases should flow to-
gether and present an integrated design. Further iterations will 
be made according to energy consumption in Be06 and BSim, 
daylight factor using Ecotect and ventilation principles.
Further information of renewable energy sources will be inves-
tigated and analyzed using the Be06 tool-kit. 

Presentation Phase

The project is presented through small-, medium. and large 
phases by floor plans, sections and elevations, spatial visualiza-
tions, master plan of the area, sections through the area and 
visualizations.  
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Aalborg/Nørresundby

The project area is located at the harbor front of Nørresundby 
in direct connection to Limfjorden, between the two bridges; 
Limfjordsbroen and the Railway Bridge. 
The site is a former industrial area, which included a large 
slaughter house area and other industrial purposes. The slaugh-
ter house opened in 1892 in Nørresundby after many nego-
tiations of whether this should be located in Nørresundby or 
Aalborg. The municipality of Nørresundby offered a free plot 
to the slaugther house, which meant that it opened on this side 
of the fjord. It became a symbol of the many battles of invest-
ments and workplaces, which took place across Limfjorden at 
this time. The slaughter house expanded in the 1960’ and em-
ployed hundreds of people and became an important part of 
the history of Nørresundby.  With the closing of the slaughter 
house in 2004 it meant a great loss of the industrial cultural 
heritage of Nørresundby and Aalborg. [aalborgkommune.dk]

Today the area is undergoing a big change, along with the rest 
of the harbor front of Nørresundby. There are ongoing devel-
opments on both Aalborg and Nørresundby harbor fronts - it 
is the change from being industrial cities to becoming knowl-
edge- and scientific based cities. 

It is the goal by the municipality to develop the harbor front 
of Nørresundby into a new accessible and attractive city area, 
with recreational purposes in connection to the city centre and 
the fjord, a mixed use of different urban purposes; dwellings, 
shops, offices, restaurants, institutions, green and recreational 
areas etc. It has been decided that the industrial buildings at 
the slaughter house area were too worn out to be reused at 
other purposes. 

INTRODUCTION TO THE SITE
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ill. 27 Map of Limfjorden and the project area

The entire area under development is 99.400 m2. The area is 
highlighted in the photo, along with a highlight of the project 
area, corresponding to the part-area B3I from the municipality 
plan 12-072. This area consists of a plot of 4.169 m2. Within 
area B3I there is a possibility to build 7.000 m2.
The maximum buildable area is 72.000 m2, which corresponds 
to a plot ratio of ca. 76%. The area is distributed in the follow-
ing way; 30.000 m2 for dwellings, 17.000 m2 for business, and 
25.000 m2 for either dwellings or business.   

PROJECT
AREA

Bolig+ site
60energy neutral apartments 
7.000m2 gross build
30 parking places
(0,5 pr. apartment)

7.000m2 in one floor 
(max. floor m2)

Free space 
(30% of gross 
floor area) = 
2.100m2

Infrastructure
(internal roads, 
parking) = 1.622m2

Density: 
275%

+

+

=

+++++++
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A collection of impressions and registrations of 
the site. The pictures are taken during different 
seasons of the year, showing different scenarios 
of how the urban space is used during the year.  

SITE REGISTRATIONS
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PUBLIC 
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ill. 28-48 Site registrations
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In the context analysis the site and the near context is reg-
istered and analyzed using both simple observation and the 
theories of Kevin Lynch. The intensions of this context analysis, 
is to give a good overview of the site, and how the site relates 
to the surrounding city. 

The studies of Kevin Lynch are based on how users perceive 
and organize spatial information as they navigate through cities. 
Lynch concluded that users understood their surroundings in 
consistent and predictable ways, forming mental maps. These 
are divided into five different elements, being the following:

• Paths; the streets, sidewalks, trails, and other channels in 
which people travel

• Edges; perceived boundaries such as walls, buildings, and 
shorelines

• Districts; relatively large sections of the city distinguished 
by some identity or character

• Nodes; focal points, intersections or loci
• Landmarks; readily identifiable objects which serve as ref-

erence points [Lynch, 1960]

Districts

Mapping of the area corresponds to Lynch’ 3rd parameter; dis-
tricts. The project site is situated in a former industrial area now 
undergoing developments. Open, green areas are found in the 
western part of the area, and the dense city with predominantly 
housing is found in the northern part. The housing constitutes 
a combination of apartments situated closest to the city centre 
of Nørresundby, and when moving further north up hill in the 
undulating landscape of Nørresundby the typology changes to 
predominantly single family houses. Commercial functions are 
found primarily in the city centre around the city square and 
along the two main roads, Vestergade and Østergade.

Paths

When approaching Nørresundby from the Aalborg side via 
Limfjordsbroen, the road splits in two, forming the two main 
roads through Nørresundby; Vestergade and Østerbrogade be-
coming Østergade. Heavy traffic, medium traffic and light traf-
fic, concerning pedestrians, are marked with different stroke 
weights, along with a mark of the railway. 

Open, green area

Dense city, housing 

Industrial area or former industrial area

Railway/train

Light traffic

Heavy traffic

CONTEXT ANALYSIS

N

Medium traffic

N

ill. 49 Districts

ill. 50 Paths



35

Lindholm 
Beach Park

The Railway
Bridge

The Limfjord Bridge

Church yard

Marina

Church

Town
 square

Nodes and landmarks

Important nodes and landmarks in the area are marked in the 
map. The nodes represent the Lindholm beach park, the church 
of Nørresundby and the church yard, the town square with 
shops and the marina. The future Bolig+ building, along with 
the Railway Bridge and Limfjordsbroen are marked as both 
nodes and landmarks, since they constitute significant struc-
tures in the landscape. The Railway Bridge was built in 1938, 
and Limfjordsbroen in 1933, which means that both structures 
have served as the main train- and car connections for many 
years. The Limfjord tunnel was built several years later, in 1969, 
becoming the second Limfjord connection for vehicles. The fu-
ture Bolig+ building is also considered a landmark, due to the 
building height of up to 10 storeys, which will have a strong 
appearance in the landscape.

Edges

The project area is situated close to water, the Limfjord, mark-
ing a clear and very strict edge. Furthermore, the Railway 
bridge and the railway tracks creates both a visual and a physi-
cal boundary to the western part of the area, where the harbor 
turns into a more organic and free shape. Today, only a small 
tunnel allows passage under the Railway bridge. This opening 
only allows one person to pass at a time, and will be changed 
with the future planning of the area. The karré buildings along 
Vestergade mark an edge towards the project area as well. 

Bolig+

N

N

Nodes

Landmarks

Functions

The functions are interesting to look at for the later investiga-
tions of which functions could be integrated in the Bolig+ area.
Functions found near the area include grocery stores and shop-
ping facilities found at the town square or along Vestergade 
and Østergade. Nørresundby is not a big shopping city, but 
has the necessary shops. Other functions near the area are 
schools, day care centers, and different workplaces. A church 
and church yard is also found near the site. Bus stops are found 
along Vestergade near the site. Maybe in the future the train 
will stop close to the harbor front and not wait until Lindholm. 
Some industrial purposes are located west of the railways, but 
these are just small offices. East of Limfjordsbroen are the large 
industrial areas of P.P. Hedegaard. There are not many restau-
rants in the area besides cafeterias and pizza places. 
Note that the functions are not marked in the map.

ill. 49 Districts

ill. 50 Paths

ill. 51 Nodes and landmarks

ill. 52 Edges
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Visions and future plans

A. Enggaard A/S and TIKA Holding A/S are the owners of the 
surrounding, newly built block buildings on the site, of which 
some of them are already in use. The first one of these block 
buildings have been built, and the second one will follow. The 
buildings are designed by the Danish architects; Schmith, Ham-
mer & Lassen (SHL).   

The final area to be completed in this section is B3I, which is 
the competition area of the Bolig+ assignment. The rebuilding 
of this area is of high priority.

A green plan
The overall goal is to transform this area into an attractive city 
area with present and significant architecture concerning build-
ings and outdoor areas of high quality. Green and recreational 
areas will be a characteristic part of this area. A mix of public, 
semi public and private spaces will be created along the har-
bour front, next to the railway and in between the buildings. 
The hierarchy of the green areas will become more private 
the further one approaches the buildings. Because of the tide, 
the new buildings are raised about 1 meter from ground level, 
which also creates a natural borderline between the public and 
the more private spaces. 

The new building on the site must contain a mixed use ac-
cording to the municipality plan, which is important in order to 
create life. The conditions to create life is, for instance, dwellings 
and jobs, places where there are people, because people and 
life create a safer and more interesting place to be. [aalborg-
kommune.dk]
Learn by mistake. By looking at the western harbor front of 
Aalborg, many new apartment buildings dominate the harbour 
front. There are no public functions integrated and these areas 
have become very “deserted”, and are only used by its inhabit-
ants.   
 

N

ill. 53 New SHL building, Mellem Broerne II ill. 54 New building by Aarhus Arkitekterne; Føtex + apartments

ill. 55 Masterplan of Nørresundby, Mellem Broerne, sketch ill. 56 Aarhus Arkitekterne; Semi-private roof garden

ill. 57 Masterplan of Nørresundby, Mellem Broerne

Bolig + Project site
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B3I is planned to be an “architectural experiment”, which is 
allowed to differ from the rest of the buildings on the site. The 
new building must be special and unique in its form and by 
choice of materials, and be in contrast to the surrounding build-
ings on the site.  At the same time, the building must interpret 
the meeting between the green areas to the west with the 
dense city centre to the north, relate to the significant struc-
tures on the site such as the Railway bridge and the old railway 
tracks, the new recreational harbor front, and the roots of the 
former industrial area. 

The area is especially attractive due to the orientation towards 
the southern sun, and the close connection and view to the 
fjord. Nørresundby is usually referred to as “the sunny side”, 
and is in many ways more attractive and inviting than the har-
bor front at the Aalborg side. Many people still choose not to 
live on this side of the fjord because of the often happening 
traffic problems on the bridge or in the tunnel. 
The characteristics of the site:

• The Railway Bridge
• Limfjorden (water)
• The dense inner city
• The Lindholm Beach Park; a recreational area to the west

The industrial areas along the harbor fronts kept people away 
in the past, but now with the developments people can move 
back to live close to the water, which many people find very 
attractive and are willing to pay extra money for. [aalborgkom-
mune.dk]

Today the area is used as transit by many pedestrians and cy-
clists. The harbor front and the area called “Mellem Broerne” is 
the closest connection and pathway to Limfjordsbroen, coming 
from the west, Lindholm, where many new apartment build-
ings are situated. It is the vision to keep the harbor front as a 
green transit for light traffic, where vehicles are not permitted. 
Furthermore, it is the vision to create green connections from 
the inner city of Nørresundby to the harbor front. 

Access by car to the area will still be from Vestergade connect-
ing to a new access road, which will be established between 
Spiesgade and Slagterivej. The access road will lead to a trans-
versal distribution road in the area, from where access to the 
majority of the new buildings will occur. 

Despite the short distance between Nørresundby and Aal-
borg, they are two very separated cities. With only one visual 
connection accessible today, Limfjordsbroen, which is not very 

pedestrian and cyclist-friendly, people are limited to cross the 
fjord and enjoy the qualities of both sides. In the near future the 
Railway bridge will be transformed into a pedestrian crossing, 
side by side with the train connection. The new culture bridge is 
an addition to the Railway bridge. The municipality has decided 
that a new culture bridge will be added to the existing railway 
bridge and allows pedestrians and cyclists to cross the fjord in 
this area; connecting the western parts of the two cities. The 
culture bridge will have different cultural installations, such as 
water fountains, a platform and others. The project is expected 
to be done in 2-3 years. [kulturbroaalborg.dk]

ill. 54 New building by Aarhus Arkitekterne; Føtex + apartments

ill. 56 Aarhus Arkitekterne; Semi-private roof garden

ill. 58 Panorama view of Nørresundby harbor front
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The area to the right of the railway is planned to stay as an 
open, recreational area with winter berth, maritime club facili-
ties and workshops.
The area west of the railway is a large, open green and recre-
ational area, called Lindholm Beach Park. This area is used by 
all kinds of people and is very popular, specially in the summer 
time. Pedestrians, cyclists, runners, dog walkers, sun bathers, 
children, couples and elderly are all using the area actively.
Looking at the entire area, the main structure is to have dwell-
ings situated closest to the harbor, which will provide the opti-
mal light- and view conditions, while offices and shops should 
be located further towards Vestergade to the north, because of 
traffic noise and pollution which is not suited for dwellings. The 
buildings situated to the south must have a light and maritime 
inspired expression, whereas the buildings situated towards 
north must have a relatively darker and heavier expression to 
integrate well with the surrounding buildings and materials. 

The buildings by SHL are 3-6 storeys high, where the municipal-
ity plan allows the Bolig+ buildings to build up to 10 storeys 
high in the part closest to the water, to give the opportunity to 
match the open, green area to the west, Lindholm Beach Park, 
and the significant structure of the Railway bridge. 

Noise in the area
The limit value of noise in areas used for dwellings is 55 dB(A), 
and for offices 60 dB(A).
The buildings situated furthest to the north along Vestergade 
will be exposed to up to 70 dB(A). The limit value will be met 
when situating the new buildings in a distance of 75 meters 
from the main road,  Vestergade. This is done by zoning the area 
as described earlier by situating dwellings furthest to the south, 
and offices, shops and other functions furthest to the north, 
since these have higher thresholds. 

Vestergade
Green avenueBolig+ allows up to 10 storeys

An other parameter in play in the area is the Railway bridge, 
which causes noise and vibrations in the area. The results of a 
new test show that the distance to the limit of 60 dB(A) is 9 
meters from the tracks with a 3 meter high embankment, and 
10 meters from the tracks in terrain. This means that noise 
from the railway is insignificant in the project area. 
Regarding vibrations from the railway, new buildings, parks and 
others  cannot be situated within a distance of 50 meters from 
the railway. The municipality has taken this into consideration 
by the disposition of this area, which has been explained earlier.   

Pollution
The entire area undergoing development has served many dif-
ferent industrial purposes during the last century, which all have 
caused pollution to the site, along with the pollution caused by 
the railways. 
This must be taken into consideration when designing new ar-
eas with dwellings and recreational areas. Tests of the area show 
that the ground is unfavorable, which means that the actual 
project must be performed with a pile foundation. [aalborg-
kommune.dk] , [boligplus.org]

20 m
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Vestergade
Green avenueBolig+ allows up to 10 storeys

ill. 60 1:1000 Section through site

TOPOGRAPHY

The plan is showing the future planning of the site from 
the municipality plan, with the different heights of the 
buildings in the area marked with a color code. 

The section is showing the new buildings closest to the 
harbor front up to the older buildings along Vestergade. 
From the section it can be seen how the landscape is 
starting to rise when moving further north. Furthermore, 
the height and the dominance of the Railway Bridge is 
visible along with the new planned green avenue, and 
a marking of the future Bolig+ building which allows a 
building height of 38 meters. 

1-11/2  storeys

2-3 1/2 storeys

4-6 storeys

10 storeys

N
38 m

18 m
15 m

0 200 m50 100

ill. 59 Plan, project area
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MACRO CLIMATE

The macro climate which considers the local conditions of sun, 
precipitation and wind has been investigated.

Sun path
Daylight is an important factor when building in a Nordic con-
text caused by the many dark hours most of the year. The av-
erage amount of sunshine hours in Denmark varies from 39 
hours in January up to an average of 218 in June. [dmi.dk] 

The sun path diagrams illustrate the sun paths during each 
season and helps to understand how the building should be 
designed in order to gain solar heating from the sun in different 
times of the year.  The average sun altitude in Denmark is 340 
and occurs in fall and spring. In the winter time the altitude of 
the sun is only 10.50 resulting in a day length of only 7 hours. 
Whereas the length of the day in the summer time is 17 hours 
and 30 minutes and the sun has a maximum altitude of 57.50.

“We must begin by taking note of the 
countries and climates in which homes 
are to be built if our design for them 
are to be correct. One type of house 
seems appropriate for Egypt, another 
for Spain . . . . one still different for Rome 
. . . It is obvious that design for homes 
ought to conform to diversities of cli-
mate.” [Vitruvius]

In order to create dwellings with a nice indoor environment 
and good spatial qualities the sun light is an important factor 
to integrate in the design of the apartments. According to de-
signing a low-energy class I building, the sun has an even more 
interesting role in the design according to heating, because the 
use of external energy to heat up the dwellings has to be lim-
ited to 35 kw/h m2. 
The time of year where the heat gain from the sun is most 
important is in the winter time, from November to February, 
where the winter solstice is at the 21st of December. Here the 
angle of the sun is at its lowest, which means that the sun can 
easily filter deep into the building. This is also where the heat 
demand in general is largest, because of lower outdoor tem-
peratures. Unfortunately there are not many hours of the day 
where the sun can actually heat up the building.
In the spring and summer time the opposite problem will occur. 
From April to August, with summer solstice at the 21st of June, 
is where the sun is at its highest point, which means that the 

sun does not filter deep into the building, but because of the 
many hours of daylight, problems with overheating might occur.
In short terms it means that there is an issue according to 
summer and winter. In the winter as much sun as possible is 
needed to heat up the building, but in the summertime there is 
a possible need of shading to prevent overheating.
The dominant heat gain at all times of the year is coming from 
the south, where the sun is at its highest angle. This influenc-
es the shape of the building and the orientation of windows, 
where the largest window area in general should be located 
to the south. 

Another issue is shadows cast from nearby buildings and the 
building or buildings on the site. In order to get the largest heat 
gain in the dwellings, the buildings should in general not be in 
shadow most of the day. 

N

S

W

E

Denmark

30⁰

90⁰

300⁰

360⁰

240⁰

210⁰

150⁰

120⁰

15
:3

0 
PM

8:30 AM

6:30 AM

18:20 PM

22:00 PM

4:
30

 A
M

ill. 61 Sunpath diagram

ill. 64 Sun intake March/September

M
A

C
RO

 C
LIM

AT
E

ill. 62 Sun intake June 

ill. 63 Sun intake December 



41

Precipitation 

Precipitation includes rain, snow and sleet. Besides this year, 
Denmark normally experiences precipitation as rain and sleet. 
There are many precipitation days in Denmark, the average 
amount of precipitation days is 124, according to the diagram. 
This gives a total of 33% of days during a year where it rains, 
and causes a climate with high air humidity. In the fall, the air 
outside has a relative humidity of 45%, and in the winter a rela-
tive humidity of 23%. In relation to the high humidity and the 
rough exposure of wind and sun, these parameters must be 
taken into consideration when designing the building envelope 
and the choice of materials. 
Furthermore, the outside circumstances are closely linked to 
the indoor environment in buildings. The indoor environment 
is crucial for our well being, and includes several parameters 
such as daylight, noise, temperature, air quality and others. This 
subject will be discussed later in the project as well. 
The outside air used for ventilation inside buildings have a cer-
tain humidity dependant on the seasons. The recommended 
relative humidity should be below 45% with an indoor tem-
perature of 20 ºC. (e.g. to control house dust mites etc.) In 
dwellings it is the level of humidity which is the critical param-
eter for the ventilation need. A low air change results in too 
high percentages of humidity, which can cause condensation on 
building parts and provoke mould and allergic reactions related 
to house dust mites. A high air change will secure the air quality, 
but the winter air is both dry and cold, which can cause health 
related problems. [Marsh & Lauring, 2003]
Ventilation strategies along with air change rates and other in-
door environment related subjects will be discussed at a later 
stage.  

JAN. FEB. MAR. APR. MAY. JUN. JUL. AUG. SEP. OCT. NOV. DEC. YEAR/TOTAL

54 35 44 38 49 54 64 67 72 76 75 62 689

11 8 10 8 9 8 9 10 12 14 14 12 124

1.7 2.0 4.9 9.8 15.2 19.0 20.1 20.0 16.2 6.8 6.8 3.4 10.9

-0.4 -0.4 1.9 5.6 10.7 14.4 15.7 15.5 12.3 4.3 4.3 1.3 7.5

-2.9 -3.2 -1.1 1.8 6.4 10.0 11.7 11.2 8.6 1.5 1.5 -1.3 4.0

39 72 117 167 209 218 209 186 130 57 57 42 1534

ill. 65 Climate data 1961-1990
Nordjylland / Northern Jutland
The average amount of precipitation in the region. 
[dmi.dk]
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The precipitation can be discussed in a sustainable way as 
well. Even though Denmark is not in a critical situation re-
garding drinking water, there is still money to save when be-
ing and thinking sustainable regarding water consumption. 

Different principles of how to reuse the rain water harvest-
ing can be applied. These principles relate to watering gar-
dens and other green elements, for use in the washing ma-
chine, to flush toilets, car wash and floor wash and others.  

Another parameter lies within the question whether or not 
it is sustainable to apply these principles in a large apartment 
complex, where the principles applies to all single apartments. 

If there were problems regarding heavy rain and flooded sew-
ers ideas and principles of how to drain off the water e.g on 
roof gardens. 
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Procent:
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N 30 60 Ø 120 150 S 210 240 V 300 330 I alt

% 4.1 4.6 6.1 8.6 8.1 5.7 7.5 10.7 16.4 14.7 6.4 3.2 95.9

% 0.2 - 5.0 m/s 3.4 3.9 4.0 4.7 3.5 3.0 4.1 4.8 4.4 5.3 3.5 2.6 47.2

% 5.0 - 11.0 m/s 0.7 0.7 2.0 3.8 4.4 2.7 3.3 5.6 10.3 8.6 2.8 0.6 45.3

% >11.0 m/s 0.0 0.0 0.0 0.1 0.2 0.0 0.1 0.4 1.6 0.8 0.1 0.0 3.4

Mean speed 3.2 3.2 4.1 4.8 5.6 4.9 5.0 5.6 6.9 6.3 4.9 3.4 5.3

Highest speed 10.3 10.3 11.8 14.5 16.5 14.4 15.9 18.0 21.1 20.1 15.4 11.8 21.1

ill. 66 Windrose, Aalborg
Total number of observations = 29202
Calm defined as speed <= 0.2 m/s
Number of observations with calm/varying 
wind: 1204 = 4.1 %
[dmi.dk]

Wind

The main concerns regarding wind conditions on the site is 
the utilization regarding natural ventilation and the impact on 
outdoor spaces, as well as the possibility to gain energy from 
the wind. 

The wind rose illustrates the annual wind speeds and wind di-
rection, and in order to use the wind for ventilation the direc-
tion of the wind is important.
As seen in the illustration, the dominant winds seen over the 
year, is coming from West, South-West and East.  The wind ros-
es are specific for Aalborg and must therefore be considered 
in the design. Additional windroses from Aalborg, showing the 
different seasons, can be found in appendix.
According to ventilation strategies the building should be de-
signed to these conditions if natural ventilation is used.  It is 
important to consider if there are any problems with pollution 
in the air in the surroundings, for instance caused by cars from 
a trafficked street in the near. This may require filters to ensure 
the indoor air quality to be high. When building near the sea or 
a harbor the wind is especially important to take into consid-
eration because of “sea breezes”. Sea breezes occur at daytime 
when the temperature rises and hot air goes up because it is 
lighter than cold air. This creates stronger winds over land near 
the harbor.
This factor can be used as an advantage to gain energy from the 
wind, for instance by implementing smaller wind turbines in the 
area. The energy stored could be used to charge cars running 
on electricity, or sold to the local supply network.  

Besides using the wind actively to ventilate the dwellings and 
possibly to charge batteries in cars, the wind will also affect the 
outdoor spaces on the site. The dwellings should be situated in 
a way so the outdoor spaces do not get to windy caused by 
the building mass. When outdoor spaces are unpleasant caused 
primarily strong winds, the space will not be used.
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Many challenges are found in relation to the project area lo-
cated at the harbor front of Nørresundby, situated in close con-
nection to the water, Limfjorden, the Railway Bridge, the open 
green areas and the new buildings in the area along with the 
dense city. 

The project area will create a transition from the more private 
zones to the more public zones in the area. Mellem Broerne 
is built with many residential buildings and even though semi-
public spaces are created in between the buildings, these seem 
more related to the buildings, and are often very deserted. The 
layout of the buildings tries to open up to the public, but in-
stead of relating either to the inhabitants of the building or to 
the public, it becomes something in between, which does not 
seem to function. 
The new building must relate to the municipality plan and the 
new u-shaped buildings by SHL., and whether or not this build-
ing typology will be continued or interpreted in another way. 
The project area is considered an architectural experiment. 

The harbor front is very much used as a transit area, connect-
ing the western part of Nørresundby to Limfjordsbroen. This 
transit and flow is important to keep, because it attracts people 
and life to the area and might help strengthen the use of the 
public functions, which will be integrated in the new building.  
The mix of functions consisting of dwellings, offices, shops and 
recreational areas will create a link to the area. The future plans 
of the harbor front will furthermore contribute to strengthen-
ing this link. A harbor bath and stage is planned to be integrated 
along the harbor front in close connection to the project area. 

An interesting aspect of the site, is the transformation of the 
harbor front, which is very strict in the area, Mellem Broerne. In 
the western part of the area, open green areas appear and the 
harbor front becomes more organic, which corresponds well 
to the open, green area. Today, the Railway Bridge creates the 
boundary between the two typologies, but since the area right 
of the railway is kept as a green area, it might be considered to 
re-think the boundary of the area. Ideas of bringing in the water 
from the fjord is in play, and this way complete the harbor front. 
By bringing in water, a connection could be established to the 
city centre, and the water element will also contribute with 
many qualities to the area. 

The macro climate of the site is another very important factor 
in this project. When building sustainable, environmental build-
ings, and the aim is to reach a zero-emission building, renewable 
strategies such as the sun and wind must be taken into consid-
eration and appear as an integrated part of the design. 

The project area has an optimal location near the water and 
situated towards south, which must be turned into an advan-
tage, but still having in mind the roughness of the climate and 
how the climate affects the site, the building and the materials 
used in the construction and the facade. Shade from the sun 
and shelter for the wind must be created. 

There are, definitely, many interesting aspects when building in 
this area. In the box below is a sum-up of the conclusion of the 
site analysis. 

N 30 60 Ø 120 150 S 210 240 V 300 330 I alt

% 4.1 4.6 6.1 8.6 8.1 5.7 7.5 10.7 16.4 14.7 6.4 3.2 95.9

% 0.2 - 5.0 m/s 3.4 3.9 4.0 4.7 3.5 3.0 4.1 4.8 4.4 5.3 3.5 2.6 47.2

% 5.0 - 11.0 m/s 0.7 0.7 2.0 3.8 4.4 2.7 3.3 5.6 10.3 8.6 2.8 0.6 45.3

% >11.0 m/s 0.0 0.0 0.0 0.1 0.2 0.0 0.1 0.4 1.6 0.8 0.1 0.0 3.4

Mean speed 3.2 3.2 4.1 4.8 5.6 4.9 5.0 5.6 6.9 6.3 4.9 3.4 5.3

Highest speed 10.3 10.3 11.8 14.5 16.5 14.4 15.9 18.0 21.1 20.1 15.4 11.8 21.1

- Relate to the characteristics of the area; being the 
Railway Bridge with its dominating structure, the 
building typology, the green areas and the fjord.

- Relate to the history of the site, being a former 
industrial area with the railways crossing the site

- Integrating functions, such as green areas and ser-
vice related functions, which will attract people to 
the area to create life.

- A possible connection to water, e.g. by bringing in 
the water as an element in the area, and completing 
the harbor front.

- The building being an architectural experiment.

- The sun; the harbor front of Nørresundby is ori-
entated towards south which gives the optimal sun 
conditions, both for inside and outside use.

- The wind; the strong west winds at the harbor 
must be considered when designing the outdoor 
areas, but will also be used as an advantage when 
designing natural ventilation principles, and possibly 
integration of turbines to gain wind energy.

CONCLUSION - SITE ANALYSIS
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Energy classification

The Danish building code BR08 [bygningsreglementet, 2008] 
defines a number of classifications regarding the consumed 
energy in buildings. In general all new buildings must not use 
more energy than defined in “energirammen”(the energy 
frame). Besides the energy frame, the BR08 also defines limits 
of low energy buildings. This definition is a common descrip-
tion of buildings that consumes less energy than defined in the 
energy frame.
 
The energy frame regards all needed energy in buildings for 
heating, ventilation, cooling and hot water (in certain cases also 
artificial lighting). All buildings which are to be heated to at least 
15ºc are to fulfill the requirements within the energy frame.
For apartments, dormitories, hotels and others the annual need 
of energy must not exceed 70kWh/m2 (+ 2200kWh pr. year 
divided by the total heated floor area). Air change through 
leaks in the building envelope must not exceed 1,5l/s pr. m2 

heated floor area at a 50Pa air pressure test. 
Low energy class 2; is a classification of buildings (apartments, 
dormitories, hotels and others) with an annual need of energy 
less than 50kWh/m2 (+1600 kWh pr. year divided by the total 
heated floor area) and a maximum air change through leaks 
in the building envelope on 1,5l/s pr. m2 heated floor area at a 
50Pa air pressure test. 

Low energy class 1; is the best classification of low energy build-
ings (apartments, dormitories, hotels and others) in the BR08 
so far. With an annual energy need of maximum 35kWh/m2 
(+1100 kWh pr. year divided by the total heated floor area) 
and a maximum air change through leaks in the building enve-
lope on 1,5l/s pr. m2 heated floor area at a 50Pa air pressure 
test.
 
Passive House - Besides the Danish classes defined in BR08, es-
pecially the German “Passive Haus” standard has become more 
and more used in Denmark. This standard cannot be directly 
compared with the Danish energy classes, but it is in general 
stricter than the present Low energy classes.
Energy consumption for heating in a Passive House should be 
no more than 15kWh/m2/year, with a primary energy use for 
heating, hot water and ventilation system on 120kWh/m2/year. 
The maximum air change through leaks in the building enve-
lope should be less than 0,4l/s pr. m2 at a 50Pa pressure test.     

Preserve or improve biodiversity

Life cycle assessment of materials

Reduce private transportation

Thermal mass of materials

Insulation of building envelope

Window area to orientation ratio

Surface to floor ratio

Window to floor ratio

Utilisation of daylight

Zoning

Mobility (of building)

Ventilation: Natural

Ventilation: Mechanical

Renewable energy sources

Energy producing elements

Energy-efficient installations

Embodied energy of materials

Self-sufficient

Ecological

G
reen

Sustainable

Bio-clim
atic

Environm
ental

Low
-energy

Solar

Bolig+
 approach

Design principles which are commonly associated with the approach

Design principles which are some times associated with the approach

Sustainaibily is a broad term, which has caused several differ-
ent approaches to appear in relation to the term. These ap-
proaches can be seen in the table below, and concern many 
of the same principles used in different combinations. These 
design principles are often related to the use of energy, since 
this relates to the global warming, which is a major environ-
mental concern.

Ill. 68 Energy frames, Denmark

Building type
Energy frame

(A: is the heated floor area)
Conditions

Residential

Standard:
70kW/m2 + 2200 kWh/A

Energy consumption 
for space heating, basic 

ventilation (0.5h-1), 
cooling and hot water

Low-energy class 2:
50kW/m2 + 1600 kWh/A

Low-energy class 1:
35kW/m2 + 1100 kWh/A

Passive house:
15kWh/m2 + 120 kWh/m2/year

Design principles which are not associated with the approach

ENVIRONMENTAL SUSTAINABILITY 

ill 67. Approaches to sustainable design

EN
V

IRO
N

M
EN

TA
L SU

STA
IN

A
BILIT

Y

Building sustainable

The first of the 5 dogmas in the Bolig+ competition regards 
energy neutrality. 
In order to achieve energy neutrality there are two main fo-
cal points which have to be taken into account; energy use 
and energy production. For these to balance (= neutrality) the 
building should not use more energy than it is able to produce. 
[Bolig+ program] 
The produced energy is to be provided by renewable re-
sources, such as sun and wind power, in order to decrease the 
CO2 emission and make us independent of fossil fuels. This also 
means that the building itself must be more energy efficient so 
the need of energy can be provided by sustainable resources 
alone. [Williams, p..20]
There are, however, a number of principles which can be used 
in the design in order to achieve energy neutrality. 

Building envelope
To prevent heat loss, the building envelope has to be highly 
insulated and use triple glazed energy windows with low U-
values. Furthermore the construction is to be air tight without 
thermal bridges which otherwise can cause a great loss of en-
ergy. [bolius.dk] 
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Passive heating
Passive heating is the main idea of the German ”Passive Haus” 
standard, which benefit from the sun by placing large south 
orientated windows in the building. This results in a large heat 
gain which in cold seasons can heat the building together with 
internal loads from people, electric equipment and lighting. 
[passiv.de]

Thermal mass
By using heavy materials in the building such as concrete or 
brick work, the passive heat gain can be accumulated in these 
materials (thermal mass). In the winter thermal mass can help 
”storing” the heat and keep the building warm for a longer part 
of the day. In the summer the accumulation of heat can help 
prevent overheating. [Energy in Architecture, p.68]

Solar shading
Large south orientated windows, which is used to improve heat 
gain from the sun, can cause overheating in the summer. This 
can be prevented by the use of external shading devices, both 
as shutters or curtains but also as large overhangs over the 
windows. The shading devices can be designed as active ele-
ments which automatically regulate according to temperature 
or manually where the inhabitants control them according to 
comfort. [bolius.dk], [Energy in architecture]

Ventilation
Fresh air helps to improve indoor climate and air quality and 
is supplied through ventilation. To prevent heatloss, the energy 
efficient building is often based on a mechanical ventilation sys-
tem with heat recovery, but natural ventilation can also be used 
in combination with the mechanical system. Natural ventilaton 
however is driven by the natural forces of the wind and do 
not use energy. In theory this is a good solution but in praxis it 
can however be less energy efficient and less easy to control. 
[indeklimaportalen.dk] 

Daylight
Improved use of daylight can help minimizing the need of 
artificial lighting, and thereby the use of electricity. The south 
orintated windows which improves heatgain will also increase 
the daylight factor, however light from more sides is needed 
to create an overall well-lit building. [Energy In Architecture, 
p. 115]

Compactness
A typical low energy class building is based on a compact vol-
ume to minimize the building’s surface area and thereby the 
heat loss but with the compact volume it can be difficult to get 
well-lit spaces. Functions which do not necessarily need daylight 
such as bathroom, kitchen and technical devices can therefore 
be placed in the deep spaces as core functions. [passiv.de]

Solar panels
The system is similar to the ground heating system and can be 
used in a combination. Solar panels can be placed on the roof 
where it benefits from the sun and use the heat gain to pro-
duce hot water or space heating. The system is most efficient in 
the summer time, because of the many hours of daylight, but it 
also works the rest of the year. [bolius.dk] 

PV’s (photo voltaic)
Through active use of the sun’s energy, PV’s transform the 
gained energy into electricity. In most common situations PV’s 
are placed on the roof in an ideal angle of 45º towards south. 
However the PV’s can also be implemented in solar shading 
and with transparent PV’s even in windows or skylights. PV’s 
can transform up to 20 percent of the energy in the light to 
electricity, but they work best in the summertime. [bolius.dk]

Green roofs
Vegetation on the roof helps accumulating rainwater at down 
poors and relieve the pressure on the sewers. The accumu-
lated water will naturally vapourise, and will not harm the roof 
structure contrary it can help increase the life time of the roof. 
The vegetation further work as insulation in the winter and do 
not accumulate as much heat in the summer as a regular roof, 
preventing the building from overheating. The typical vegetation 
consists of a grass called ”sedum”. [ing.dk] 

Vegetation can also be integrated on 
terraces and balconies to cleanse and 
filter the air and to improve 
bio-diversity.
Vegetation on recreational areas 
on the site is used as wind buffers 
to break the wind as well as being 
a green element.
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Ground heating
This system benefits from the accumulated solar heat in the 
ground. As principle it consists of a circut of long pipes with 
antifreeze which is then dug into the ground and connected to 
a heat pump. The system is very effective and produces about 3 
times more energy than it uses and is therefore a good supple-
ment to other energy producing elements. [bolius.dk]

An alternative to ground heating is the active use of fjord heat. 
It is the same principle of using a heat pump, where the water 
from the fjord will be preheated and used to heat the hot utility 
water or the rooms. 

The local district heating is also an alternative, which is very 
cheap in Aalborg.

Rainwater
Rainwater harvesting will be reused to water the vegetation 
on the ground and in the building, on the roof and possibly on 
balconies and terraces. 
Perhaps also used in the building, e.g for washing machines, 
flushing toilets, watering plants etc.

Wind power
The energy from the wind can be used actively to produce 
electricity, through integrated wind turbines. The wind can vary 
but in general there are winds both during day and night. In 
night time the produced energy can be used to charge an elec-
tric car, and extra electricity can be send back to the supply 
network. 
The wind turbines must be noiseless, e.g wind turbines from 
“Aerotecture International”.
[aerotecture.com/]

Ill. 69 Sustainable principles
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The Bolig+ dogmas 2-4 regard the ”intelligent home”, ”flexi-
bilty” and ”indoor climate” These subjects are summed up as 
parts of the building’s indoor qualities as well as the quality of 
the apartments. To obtain a good indoor climate a number of 
parameters are to be taken into account which both regard the 
physical and mental aspects.  

Intelligent home 
The intelligent home combines multiple systems, and incorpo-
rate control of light and heating, multimedia systems for family 
entertainment such as music, internet and TV, but also surveil-
lance of the users behavior according to use of hot water etc.
Through a visualization of the consumed energy for heating, 
lighting and electronic equipment, the user can be encour-
aged to change habits and use less water, make sure to turn off 
electronic equipment instead of stand-by and so on. [electroni-
chousekeeper.com]

Flexibility
Rational and good plan solutions integrated with the bearing 
structure will help improve the building’s flexibility. Open spac-
es with light internal walls will make it possible for the user over 
time to make changes in the interior or perhaps join one or 
more apartments. By using modularity, the apartment and the 
interior, will easier be compatible with future changes. This will 
improve the lifetime of the building and save energy on massive 
reconstruction or demolition in the future.

Installations
To further improve the building’s flexibility, and make space for 
future systems and technologies, installations can be organized 
in cores or central ducts, which can be easily accessed from the 
apartment. [bolig+ program]

Thermal comfort
In order to obtain a good indoor climate the temperature is 
to be comfortable for the inhabitants. In the summer time it 
means that there is limited overheating in the apartments, and 
good possibilities for sufficient ventilation. In the winter the 
thermal climate is achieved through the highly insulated and 
air tight building envelope. [Energy in Architecture, 1994, p.60]

Air quality
The air quality depends on good ventilation, meaning how 
much fresh air being supplied and how well the polluted air 
from kitchen and bathroom can be vented away. This will be 
achieved through mechanical ventilation where fresh air is sup-
plied in the livingspaces and exhaust air is let out through the 
polluted spaces. [PETES 6+7, 8th Semester, 2009]
  

Daylight
Daylight from more sides will help to achieve a sufficient day-
light factor throughout the day and to save energy for artificial 
lighting. Furthermore, daylight is proved to have a positive influ-
ence on peoples mood, health and well-being and is an ele-
ment which helps to perceive space and architecture. [Energy 
In architecture, p.115]

Acoustics
To minimize ”step noice” (direct/in direct) between the apart-
ments, durable construction solutions with good insulation will 
be used. The reverberation time will adapt according to the 
use of surface materials. Using both soft and hard materials as 
an integrated part of the architecture, noise with different fre-
quencies will easily be absorbed and a good acoustics climate 
achieved.   

Dynamic facade
In order to prevent overheating in the summer period, shut-
ters or shading can be used as an element in the facade. This 
will create a dynamic expression which can be defined by the 
user or defined by an intelligent system which adapts according 
to daylight and temperature or wind conditions. The dynamic 
facade can also be a mean for creating a certain mood or ex-
pression in the apartments through a ”play” with daylight or 
as an external expression with colored screens or vegetation. 
[bolius.dk]

INDOOR QUALITIES

Ill. 70 Indoor qualities
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CASE STUDIES

The following case studies show different examples from Den-
mark, building sustainable in different ways. One project is low-
energy class 1 and 2, where another is a Passive House and an-
other an “Active House” which produces extra energy. Many of 
the approaches are, however, somewhat the same. The focus of 
these case studies will look at the different environmental strat-
egies used in the projects to achieve the different standards. 

“Bolig for livet” - Active house in Lystrup

This project is the first of 8 test buildings in Europe, built by 
VKR Holding who owns Velux and Velfac, in order to try out 
new technologies and build the energy efficient dwelling of the 
future. The project is based on interdisciplinary work together 
with architects, engineers and scientists.
The concept is called ”active house” which means that the 
building produces more energy than it uses. Furthermore, the 
building should have a low energy consumption, a good indoor 
climate and an exciting architecture [bolig for livet].
The project focus on the inhabitants and use daylight and pas-
sive heating to create a balance between energy use, comfort 
and aesthetics.
The building is orientated according to the sun and use so-
lar energy to produce electricity through PV’s, solar panels for 

production of hot water and the passive heat through large 
windows as the main source for heating the building together 
with a heatpump. Furthermore, there are also large windows 
towards east and west to create a good daylight quality, and to 
save electricity for artificial lighting.   
To keep the heat inside the building in the winter the building 
envelope is highly insulated with up to 500mm of insulation and 
the windows are tripple glazed. The construction is airtight and 
eliminates thermal bridges in order to save as much energy as 
possible.
To prevent overheating in the summer, the south orintated win-
dows has external solarshading and a large overhang. The east 
and west orientated windows has manual shutters, which can 
be used to shade in the morning and the afternoon. 
These principles are clearly articulated in the building shape 
with the large sloped southern roof, the glazed facades and the 

manual shutters.
The building uses a combination of mechanical ventilation with 
heat recovery and natural ventilation to preserve a good in-
door climate. The entire system is intelligent which means that 
it is controlled according to temperature and indoor comfort 
which makes the building more energy efficient. 
The facade is active and is combined with the intelligent system 
which means that in the summer it can open up windows in 
order to ventilate, if the temparature is too high, and actively 
use external curtains to shade from the sun.
Because the building has a surplus of produced energy, through 
the PV’s, the energy can be sold to the powergrid or used to 
charge an electric car. 
[velfac.dk]   
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ill. 71 Active House in Lystrup

ill. 72 Conceptual section showing energy principles
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The principles behind Lærkehaven rely on simple knowledge 
about the right building shape, orientation, materials and con-
struction solutions. The strategies used in the project to reach 
the low energy classes include well-known principles but as 
well some new strategies have been added to the list and pro-
poses some new interesting solutions: 

- High insulation (425-450 mm mineral wool).
- Low energy windows in the south-, east- and west facades, 
with triple glazed windows with a U-value including frames of 
0.66 W/m2K. Large windows from floor to ceiling, to ensure 
daylight and view.
- Low energy windows in the north facades, with double glazed 
windows with a U-value including frames of 1.18 W/m2K. The 
windows in the north facade only constitute a small percentage 
of the window area. 
- PCM (phase change material) ceiling panels for heat accumu-
lation. These panels are used in the bedrooms, and store heat 
from the sun during the day, which will be released during the 
night. 
- Minimizing heat loss by placing the pipes under the houses.
- Wall heating convectors in living room, which provides better 
and faster heating comfort. This principle uses less energy than 
when having to heat the air. 
- Returning, non-insulated heating pipes in the floor decks give 
heat gain to circulation areas.
- Balanced use of passive solar heat gain.
- Moveable shutter system on south-, west- and east facades 
(for sun shading).
- Tight constructions: 0.5-1-1 l/s/m2 at 50 Pa, tightness tested 
by blower door test of each house and by thermograph of 
building envelopes.

- 3-watt LED lights in kitchen, bathroom, hall and staircase areas. 
(LED use far less energy than regular light fittings).
- PV solar cell systems (80 m2 monocrystalline sun cells) on 
community house produce electricity for common lighting. 
- FSC (Forest Steward Council)-certified wood. About 80% of 
the building materials used in Lærkehaven consist of renewable 
materials, mainly wood. This means that there will be very few 
environmental costs if the building needs to be removed at 
some point. 
- Local percolation of surface water. 
- Balanced ventilation with heat recovery system and exhaust 
from the most polluted rooms, kitchen and bathrooms.
[bf-ringgaarden.dk]

Lærkehaven, Lystrup

Lærkehaven at Lystrup, Århus, is going to be the biggest sustain-
able and climate friendly residential building in Denmark, when 
the last part of the project will finish primo 2010. The project 
consists of three clusters, a total of 130 sustainable dwellings, 
distributed among 40 dwellings of Passive House standard,73 
dwellings of Low-energy class 1(LE1) and 17 dwellings of Low-
energy class 2(LE2). Lærkehaven was won by the German ar-
chitect firm “Herzog + Partner”, and the two other clusters 
was won by the Danish firm “Schmidt Hammer Lassen”. 
The goal for this project was the development of a social hous-
ing project through a demonstration of how to built environ-
mental, social and architectural sustainable buildings within the 
frames of social housing. The new buildings in Lystrup will save 
the environment for more than 100 tons of CO2 emission an-
nual, compared to other buildings built according to the stan-
dard demands of the building regulations (70 kWh/m2/year).  

The first stage of this residential building, (dep. 33), was ready 
for occupancy in May 2008 with 33 two-storey dwellings of 
LE1, and 17 one-storey dwellings of LE2.  

These dwellings capture the entire aspect of the term sustain-
ability and incorporate:
- Low CO2 emission
- A minimum of energy consumption
- A healthy indoor environment
- Renewable materials
- Industrial prefabricated wall- and floor elements
- Low budget dwellings
- High architectural quality
- Good common facilities

33

34

35

The same principles apply for the other clusters by SHL Archi-
tects and will not be described more detailed. The buildings in 
dep. 34 are planned as LE1 and the buildings in dep 35 as Pas-
sive House Standard. The three different clusters presents three 
different building expressions. 

ill. 73 Lærkehaven, Lystrup, dep. 33 dwellings ill. 74 Lærkehaven, Lystrup, dep. 33, community house with PV solar cells

ill. 75 Masterplan, Lærkehaven

ill. 76 Lystrup, dep. 35 ill. 77 Lystrup, dep. 34
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H2 College, Birk, Herning

The H2 College contains 66 youth accommodation units and 
is built after the German ”passiv haus” standard. The main idea 
has been to lower the energy consumption and produce en-
ergy through renewable sources on the site. [klimabyggeri.dk]

The H2 College contains a student house, which produce en-
ergy through PV’s and a hydrogen plant for the aparments. The 
hydrogen plant uses surplus electricity from wind mills and 
stores it as hydrogen through electrolysis so the hydrogen later 
can be transformed into electricity again. [fruehojgaard.dk]

The goal has been to design a building that could meet the 
same price pr. m2 than a normal building. This has been done 
by using prefabricated elements produced in Germany where 
they benefit from the German expertise in passive house build-
ings and the production methods to keep the costs low. 
The building is designed in two floors with six apartments on 
each floor. This results in a more compact volume, where the 
energy loss is less due to heat exchange between the apart-
ments. Further designparameters has been used according to 
the passive house standard:

- Highly insulated building envelope and energy windows.
- Airtight construction without thermal bridges, in order to 
save energy from heat loss.
- Heavy internal walls in concrete as thermal mass for heat 
accumulation.
- Central cores containing bathroom, kitchen and installations 
for mechanical ventilation.
- The building is mostly heated by the internal loads from peo-
ple, electric equipment and lighting together with the passive 
heat from the sun. However, in the winter the ventilation sys-
tem can be supplied with preheated air from ground heating or 
electric heating. This control of the ventilation, air temperatur 
and air supply, results in a good indoor climate.

The H
2 College is not only packed with sustainable solutions,  

the inhabitants also have to sign up and get approved as ”green 
minded”. Otherwise the concept will not function optimally. 
[hirc.dk]

ill. 78 H2 College, plan of student dwelling

ill. 80 H2 College, energy concept

ill. 82 H2 College, May 2009 ill. 83 H2 College, May 2009

ill. 79 H2 College, Project proposal, illustration

ill. 81 H2 College, dwelling unit
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When it comes to design of energy efficient buildings there are 
a number of parameters which have to be taken into account, 
such as orientation of the building, the macro climate, passive 
heating, insulation, daylight and indoor climate. Many of these 
parameters are in play from the first sketch, which makes it 
important to discuss at this point.
Optimization of the main building design is the most impor-
tant thing in the creation of an energy efficient building, which 
makes our role as architectural engineers very relevant. There-
fore it is also important that the architectural qualities related 
to building expression, indoor qualities and spatial experience 
are taken into account as well to get an integrated design. 
Some parameters therefore have to be seen from two sides, 
from the engineer’s and the architect’s. E.g. daylight is extremely 
relevant in this case, because it has an enormous impact on the 
building both as passive heating, and to eliminate the use of 
artificial lighting, but also as a mean to articulate space and give 
quality to the apartments.
This double impact is very well illustrated in the “bolig for livet” 
project. The project focus on the inhabitants and use daylight 
and passive heat, to create a balance between energy use, com-
fort and aesthetics. 
In the end the user is the most important parameter of them 
all, and therefore the architectural and engineering solutions 
have to benefit the inhabitants. So the “bolig for livet “approach 
very well sums up the further challenge in this project.

CONCLUSION - ENVIRONMENTAL SUSTAINABILITY 
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The term sustainability is often worked with in three aspects: 
The environmental-, the economical- and the social sustainabili-
ty. Basically, these three aspects deal with how to pass on nature 
resources, the economy of the society and a well functioning 
and democratic practice to the future generations. [fbbb.dk]
Social sustainability is a broad term, and span from human rights 
to housing qualities. It appeals to the building process where 
the social responsibility of the manufacturing corporate needs 
to be taken into account, to ensure that the manufacturing and 
the building process are based on human conditions. In archi-
tecture the focus have been leaning more towards solving the 
environmental aspect, but it is just an important factor to solve 
the social aspect. In relation to the use of the building, social 
sustainability concerns whether architecture creates good en-
vironments for people to live in, now and in the future. The 
architecture must be functional and meet the users’ demands, 
as well as being flexible and able to change over time. Note 
that this statement refers to the dogma 3 in the Bolig+ pro-
gram. Furthermore, the building must be heterogeneous on 
various levels. If the buildings are different, in the interior, the 
exterior and sizes, diversity in the social composition will also 
occur. When building apartments in the same sizes and designs, 
the social composition will be homogenous. This can result in 
the creation of ghettoes; ghettoes of immigrants, of rich people 
and others. This division will create segregation in the society. 
[Heebøll]

In relation to this project, this chapter will focus on the aspects 
regarding how the built environment can be designed so it 
meets the social demands of the inhabitants.

It is interesting to analyze different projects according to social 
and urban sustainability, regarding the mixture of people (user 
groups) and the mixture of functions; dwellings, offices, services 
and others. Social and urban sustainability are closely related, 
and the Bolig+ program focuses on both parts, which is why it 
is relevant to investigate different cases and projects, to find out 
if this mixture is the future way to go. All the cases are projects 
in Denmark situated in close connection to the harbor in areas 
undergoing developments, as seen in Aalborg and Nørresund-
by. Some of the cases also concern environmental sustainability, 
but that is not the key issue in these case studies. 
Unfortunately, it is difficult to find new reference projects which 
have been built and which incorporates these ideas. There are 

many non-built proposals on the subject. This chapter will look 
at different cases, some built, most of them still in the building 
phase or not even there. The analysis will be based more on 
assumptions than on actual statements, because most of them 
cannot be measured yet.

“8-House”

”8-House”, by BIG: The building is under construction, and is 
located in the southern part of Ørestad. It has a combination 
of dwellings (83%) and working/shopping (17%). The building 
offers homes for people in all life stages; the young and the old, 
families or singles, families that grow and families that become 
smaller. This is seen in the various number of apartment types 
available in the complex. The bow-shaped building creates two 
distinct spaces, separated by the centre of the bow, which hosts 
the communal facilities of 500 m2. At the same spot the building 
is penetrated by a 9 meter wide passage, which connects the 
two surrounding city spaces, being the park area to the west 
and the channel area to the east. The various functions have 
been spread vertically in the building: The dwellings are situated 
at the top of the building, where they can benefit from the view, 
the sun and the fresh air. The commercial functions are found 
at the base of the building, from which the office leases merge 
from the life on the street. The first apartments of the building 
block should be ready for occupancy in the beginning of 2010. 
The building is not low-energy.  [orestad.dk] , [big.dk]

SOCIAL + URBAN SUSTAINABILITY

“Z-house”, by Dorte Mandrup Architects. This project is under 
construction in the northern part of the new harbor area in 
Århus. The building consists of 11.000 m2 dwellings and 14.000 
m2 office- and service functions. The exclusive character of the 
building will relate to the more quality-conscious people. The 
Z-house is situated close to nature, the woods and the sea 
and still in short distance to the city centre. The building incor-
porates optimal daylight conditions along with view and large 
outdoor private spaces in form of terraces. The building is not 
low-energy. [z-huset.dk]
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”Z-House”

ill. 84 “8-House”

ill. 85 “Z-House”

ill. 86 “Z-House”, roof gardens/terraces
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“The 4d”

”The 4d” sustainable building in Ørestad, by Cubo Architects, 
would make a great example of a low energy building com-
bining dwellings (30%) and other functions (70%). The other 
functions contain offices, institutions and shops. The 4d concept 
incorporates 4 degrees of sustainability; the environmental, the 
architectural, the functional and the commercial. The building 
is situated in a newer part of Ørestad where it is necessary 
to try to create more life. The building process is on stand-by 
due to the financial crisis, and it is uncertain when or whether 
the project will be built. The building fulfill the demands of a 
low energy class 1 building, and the dwellings in the building 
are calculated to be 30% more energy efficient than the low 
energy class 1 present today. The building has the shape of two 
large U’s, turned towards each other to create the optimal con-
ditions for shadow and sunlight. The dwellings are orientated 
towards south to let in the light and gain heat from the sun, and 
to provide shadow for the offices. The building is tallest towards 
north and lowest towards south, in order for the outdoor areas 
to benefit the most from the afternoon sun. 
[dsbo.dk] , [cowi.dk]

Conclusion

The case studies all focus on a mix of functions, but not all of 
them on the mix of different user groups. It makes sense that 
more activities and a wider range of people create more life, 
though it is not possible to make an actual conclusion of these 
projects since they have not been built yet. The intentions in the 
projects are good and it is therefore chosen to work with the 
same user groups and the mixed functions as proposed in the 
Bolig+ competition program. 

When building in the dense city with high site percentages, ur-
ban life and activity is possible to create, if the buildings house 
a mixture of dwellings, offices and services. The dense cities 
help create social sustainability, which means where city life and 
diversity occur, because there are different and mixed functions 
present in the city; residences, workplaces, cultural institutions, 
day-care centers, outdoor areas, sports facilities etc. 
These functions create conditions for the establishment of a 
critical mass of people and activity. At the same time it is clear 
that, regarding large-scale design with high density and many 
floors, it becomes even more important in the actual project 
to be aware of the floors from -1 to +2, and of the entire 
streetscape. [Sustainable compact city] 

The effects of combining dwellings and other functions in one 
building serve more purposes than to help create more life.
Functions such as offices and services are used particularly in 
the daytime, monday-friday, where as dwellings are used par-
ticularly at nighttime and in the weekends.
 ”Offices have a surplus of heating energy – most hours of the 
day, most days of the year. While dwellings have a shortage of 
heating energy – most hours of the day, most days of the year. 
The refrigerated counters of the shops produce heating energy, 
which they need to get rid of. While dwellings need hot water.” 
[www.dsbo.dk]
There are many examples where one building has a surplus of 
energy, while another building needs it. In practice this is dif-
ficult to exploit, because the selling of energy from one building 
owner to another is charged with taxes. By having different 
functions located within the same building it is possible to use 
the synergy effect. Extra electricity can be sold to the supply 
network.

ill. 88 “4d building”

ill. 87 “4d building”
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The Bolig+ program is based on a wide user group and ev-
erybody within this user group must be considered, spanning 
from  nuclear families, singles and couples, in all life stages, from 
young to elderly. Having the user group defined, it is interesting 
to analyze the demands and wishes of different user groups. 

The following chapter is based on the studies of people’s pref-
erences, choices and habits, concerning ways of living. The refer-
ence is a PhD by Thorkild Ærø from 2002. The diversity of the 
cities can be divided in different areas and typologies of Dan-
ish residential housing. The real estate is divided in four types; 
open-low area, open-high, dense-low housing and dense-high. 
[Ærø, p.118]

expression, but today people express themselves through their 
homes. [Jensen, p.21] Their presentable appearance is used as a 
socializing point where guests are frequently invited. 
The majority of the Danish population lives in the open-low 
areas, and without considering the economical aspect, studies 
show that 62% of the consulted would prefer to live in an 
open-low suburban area. 

Open-high
This type defines the post-war mass production housing (1955-
1975), mainly for people with a low income. The inhabitants liv-
ing here can be divided into two groups. The first one consists 
of the social housing, mainly children families with a low income, 
living on few m2 per person. Many of these inhabitants come 
from different ethnical backgrounds. They have an interest in 
living close to people with the same culture and language and 
have a good socializing environment.
The other group is the owner-occupied apartments, where 
mainly young couples and single elderly live here. They have a 
higher income than the inhabitants in the rental social apart-
ments, and typically have more m2 per person than the other 
group. There is a lack of socialization between the inhabitants in 
this group, and most of the inhabitants see their apartment as a 
station, where the preferences are privacy, peace and practical 
factors such as being close to work. [Ærø, p.136]

USER GROUPS
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Open-low area
This type refers to the suburban single-family houses, with 
building sizes of 120-180 m2. A garden and private ownership 
means close connections to nature and the freedom of or-
ganizing the house and the garden as preferred. It is the ideal 
frame for family- and leisure life. [Ærø, p.119] The aesthetical 
aspects mean a great deal to the inhabitants living in this area, 
concerning the architecture; interior and exterior. These prefer-
ences correspond to the majority of inhabitants living in this 
area, which typically are people with high income. The iden-
tity of people lies within their homes. In the 1980’s and 1990’s 
people expressed themselves through their clothes and outer 

Dense-low housing
This type refers to row housing, with building sizes typically 
varying from 75-130 m2. The dense-low housing in many ways 
represents an alternative to the open-low area. The inhabitants 
have their own garden, but live denser and share walls with 
their neighbors. [Ærø, p.128] The inhabitants are commonly 
single parents, young families and elderly. The socializing aspect 
between the inhabitants is surprisingly low compared to the 
other typologies. 

ill. 89 Open-low typology

ill. 90 Dense-low typology

ill. 91Open-high typology
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Dense-high 
This type defines the typical dense karré buildings in the city 
centres, where the oldest buildings date back to the end of 
the 19th century. The apartments are typically private rental, 
social housing or owner-occupied apartments. The inhabitants 
living here are typically young people, singles or couples, career 
people with high income and people who travel a lot and use 
their dwellings as a base. They appreciate to have close connec-
tions to the city centre, leisure life and culture. The apartments 
are relatively small; ¾ of the apartments are smaller than 75 
m2.  [Ærø, p.141]

In order to meet the demands of the user group, 
the project must focus on integrating functions, 
which relate to all user groups. To meet the de-
mands of the open, low area typology, which 
is appealing to the majority of the inhabitants 
in the survey, parameters such as privacy, indi-
viduality, green areas, and safe environments for 
children, light and air, good connections to pub-
lic transportation, being close to the city centre 
etc., must be integrated in the building. Different 
users have different needs and demands.

Conclusion

Outdoor activities in the public spaces can be categorized in 
three which all have very different demands of the physical 
conditions; the necessary activities, the optional activities and 
the social activities. 
The necessary activities include those activities that are more 
or less forced or necessary, activities in the everyday life, like go-
ing to school, work or grocery shopping. Due to being neces-
sary activities, these are not affected much by physical relations. 
The activities occur all year around, no matter the conditions 
of the outside. 
The optional activities are actions one can do if the mood is 
set for it, and if the space or room makes it possible. These are 
activities like going for a walk, enjoying a sunny day etc. These 
activities occur when the outside conditions are really good, 
when the weather is good and the place inviting. 
The social activities include all those activities, which have the 
presence of other people in the common spaces. These are 
activities such as children playing, conversations, and as well the 
passive contacts – seeing and hearing other people. 

When the outdoor areas are of poor quality this will result 
in only the necessary activities to occur. When the outdoor 
areas are of high quality the necessary activities will occur as 
always, but with a tendency to last longer due to better physical 
conditions. Furthermore, optional activities will occur because 
the space and the situation make it possible. When moving in 
the area, Mellem Broerne in Nørresundby, the present outdoor 
spaces are now of such poor quality that only the necessary ac-
tivities occur, which refers to the area only being used as transit.  
This way it is possible to measure how well an urban space 
functions, due to the activity in the area. But life is not created 
only by the necessary-, the optional- or the social activities; life 
is created when the entire spectrum is present.
There are many factors in play in order to have the outdoor 
spaces function optimally regarding life and activities. This in-
cludes protection against unpleasant climate effects, sitting ar-
eas, stay areas, something to look at, something to experience 
etc. 
If many people are gathered or if there are things going on, 
more people will join and the activities will grow both in size 
and duration. This process is self-perpetuating. Different occa-
sions and people inspire and stimulate each other. This process 
can also help explain why many new buildings and the areas 
surrounding them can be very empty and seem very deserted. 

If people and occasions are widely spread both in time and 
space, the occasions will never have the possibility to grow to 
bigger and more inspiring occasions. This way the process be-
comes negative.  [Gehl, p. ]

When dealing with dwellings, shops and other functions it is 
important to look at the transition between the building and 
the outdoors. The more the building opens up – the better 
connection between the public and the private is found. 
In the transition between public and private concerning dwell-
ings, a floating transition makes it easier for people and occa-
sions to have contact with what is going on in the common 
areas. [p.108, Gehl] Dwellings without a front yard, for instance 
in the city centers where the majority is apartments, balconies 
try to create more life – but still this space is a semi private area 
and the transition is not that floating. 
Concerning shops and other service related functions it is im-
portant to look at the degree of openness. Some shops ap-
pear very closed and do not seem very inviting, while very 
open shops have the opposite effect on people – invites more 
people in. The new building in Nørresundby by Århus Arki-
tekterne, includes dwellings and service functions. The service 
functions, which are located on the ground floor, appear very 
closed and do not create good connection to the surroundings. 
In the upper floors, the dwellings are situated. The building tries 
to open up with balconies shooting out from the body of the 
building different places in the facade. Furthermore, there are 
large outdoor, semi-public spaces located on the first floor of 
the building, strengthening the community between the inhabit-
ants, and as well trying to open up to the surroundings, even 
though the space is directed to the inhabitants only.  

URBAN SPACES

ill. 92 Dense-high typology
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ROOM PROGRAM

The Bolig+ program consider a mixed user group, consisting 
of singles, couples, children families, young people and seniors. 
The apartments must offer exciting new homes for people to 
live in.

As a starting point, the apartments vary in sizes from 95 - 150 
m2, and have been divided into two different types:
- Small apartments of 95 - 120 m2

- Large apartments of 110 - 150 m2

Emphasis on 60 energy neutral apartments with a total floor 
area of 7.000 m2, according to the Bolig+ program. 
Furthermore, this project will deal with the entire area, which 
makes it possible to built approximately 14.000 m2 on the site. 
The m2 will be divided into;
- Dwellings: 10.500 m2

- Public functions; offices, shops and others: 3.500 m2

(The public functions will be discussed later in the report)

Second priority, in and around the apartments:

• A common space with sleeping facilities
• Common roof garden
• Penthouse apartments with lifts from basement to top
• Vacuum cleaner (centralized system)

Flexible use and the possibility of zoning should be considered 
in the project. The apartments must be designed for handi-
capped (disabled) people, (accessibility) and have level free 
access. 

The diagram on the next page illustrates the room program 
and the use of the apartments.
The more technical aspects, including ventilation rates, air 
change rates etc. will be explained in the next phases. 

Offices

0.00 6.00 12.00
15.00

18.00
21.009.00

0.00
3.00

ill. 93 Different usage of the building during a day

Services

Recreational areas

Dwellings

First priority in all apartments:

• Regular and flexible living rooms
• A functional kitchen, connected to the living room
• An entrance with space for laundry etc.
• One bathroom in the small apartments and two (1 toilet 

and 1 bathroom) in the largest apartments
• At least one terrace or a good outdoor space (balcony)
• Common storage in the basement
• Lifts all the way to the basement level 
• Bicycle and motorcycle parking in connection to the base-

ment floor
• Balconies must not be built together and must have shel-

ter for the wind
• Intelligent control
• Garbage handling at ground level / terrain
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ENTRANCE Access Diffuse 200 Natural

LIVING AREA Relaxation, TV watching, so-
cializing, entertainment Diffuse 200 Natural

KITCHEN Cooking, eating, socializing Bright 200 + 500 Natural + 
mechanical

DINING AREA Eating, socializing Bright + diffuse 200 Natural

BEDROOM Sleeping, relaxation, privacy Diffuse 200 Natural

CHILDREN’S ROOM Sleeping, playing, relaxation, 
socializing, privacy Bright + diffuse 200 Natural

BATHROOM Showering, wc Bright 200 Natural + 
mechanical

WORKSPACE Working, absorption Bright 200 + 500 Natural

OUTDOOR AREA Recreation, socializing, gar-
dening, playing Skylight - -
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ill. 94 Room program
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Conclusion Site Analysis
Conclusion Social Sustainability

- Having a mix of user groups

- Each user group have different needs and requirements

- Privacy is of high importance

- Individuality, eg expressed in the building. Being able to furnish 
and decorate the apartment as wanted (flexibility)

- Being close to green and recreational areas

- Being close to the city centre, work and public transportation

- Socialize with neighbors 

Conclusion Environmental Sustainability and energy 
strategies

- Energy frame: Low-energy class 1

- Utilization of daylight, a minimum daylight factor of 2%

- Thermal mass of materials

- Passive heating 

- A combination of mechanical and natural ventilation

- Orientation

- Insulation of building envelope

- Intelligent home

- Zoning

- Shading

- Energy-effcient materials

- Heat recovery system

- Zero-emission, by the use of renewable energy sources;

 - Wind energy

 - Sun (solar cells and collectors)
 
 - Rainwater harvesting

 - Ground heat or fjord heat for    
 heating the building

CONCLUSION 
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- Relate to the characteristics of the area; being the Railway 
Bridge with its dominating structure, the building typology, the 
green areas and the fjord.

- Relate to the history of the site, being a former industrial area 
with the railways crossing the site

- Integrating functions, such as green areas and service related 
functions, which will attract people to the area to create life.

- A possible connection to water, e.g. by bringing in the water as 
an element in the area, and completing the harbor front.

- The building being an architectural experiment.

- The sun; the harbor front of Nørresundby is orientated to-
wards south which gives the optimal sun conditions, both for 
inside and outside use.

- The wind; the strong west winds at the harbor must be con-
sidered when designing the outdoor areas, but will also be used 
as an advantage when designing natural ventilation principles, 
and possibly integration of turbines to gain wind energy.

The different chapters in the program and the analysis phase 
is summed-up in this conclusion, and will form the basis of the 
vision for this project. 
The summaries are put as keyword, and have been given grades 
after “degrees of importance” related to this project. 
The conclusions include the site analysis, environmental sustain-
ability, volume studies and plot area, social- and urban sustain-
ability, architectural- and indoor qualities.  

Conclusion Urban Sustainability

- Having a mix of functions integrated in the buildings and on 
the site

- Relate to a maritime environment

- Integrate green areas, green connections

- Consider parking, on ground level or basement

- Integration of water, a connection to the city, added quality 

- Having private, semi-private and public zones in the area - to 
create a floating transition between living and public functions

Conclusion Volume studies

- Possible expansion of the plot area, working with the entire  
plot area and u-shape

- Improve social- and urban sustainability

- More energy-efficient building



59

ill. 95 Degrees of importance

Conclusion Architectural Qualities

The Dogma 5 in the Bolig+ program considers the architec-
tural qualities.

- Working with volumes, the building expression

- A flexible, active or even intelligent facade

- A form which responds to the energy requirements

- Context relation

- Structural expression

- Possibility of working with bio-diversity

More principles will be added when starting the sketching 
phase. 

Limitations from the Bolig+ program and in the project:

- Economy is a great part of the Bolig+ program, but since the 
economical aspect is a project in itself it is decided to delimit 
this part of the project. It will set many limitations in the project 
as well, regarding the architectural aspect and the overall pro-
cess of working with the site. 

- Structural aspects (overall concepts and dimensions will be 
sketched and calculated)

- Pre-fabrication will not be an important factor.

- Other functions in the project, such as shops, cafés etc. will be 
less detailed in the project.

- Fire strategies and acoustics will be kept at a minimum, a 
simple description of the strategies will follow.  

LIMITATIONS
Conclusion indoor qualities

- Working with open space rooms with plenty of daylight

- Possible integration of 2-storey dwellings

- Smart, minimalistic solutions e.g. regarding storage

- Intelligent home

- Flexibilty

- Perception of daylight

- Thermal comfort

- Air quality

- Acoustics

VISION

Primary focus/concerns

Secondary focus/concerns

Tertiary focus/concerns
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BIO-DIVERSITY

URBAN SPACE AND A HISTORIC LINK

ACTIVE FACADE

RøDOVRE LOCAL AUThORITy 

COMPETITION FOR ThE DESIGN OF A 
hIGh-RISE BUILDING

Restricted design and site purchase competition

JURy REPORT

RøDOVRE KOMMUNE

højhuskonkurrence
Indbudt arkitekt-/grundsalgskonkurrence

DOMMERBETæNKNING

VOLUMES

URBAN SPACE

Highline, New York, Scofidio

EDITT Tower, Green skyscraber, Ken Yeang

“Dancing apartment”, Unsangdong Architects

VM Bjerget, BIG, ØrestadenYokohama Terminal, Japan, Foreign Office Architects Highrise in Rødovre, MVRDV Apartments, Madrid, Dosmasuno Architects

Apartments, Madrid, Foreign Office Architects
Apartments, Madrid, Foreign Office Architects

Apartments, Aarhus Arkitekterne
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INTELLIGENT FACADE

LIGHT INTAKE

PRIVATE, SEMI-PUBLIC AND PUBLIC

CONNECTION TO WATER

DYNAMIC FACADE

RENEWABLE ENERGYSTRUCTURE

ill. 96-115 Vision

IN
D

O
O

R
 Q

U
A

LIT
IES

VISION

Institute Du Monde Arabe, Jean Nouvel 

Tietgen Kollegiet, Ørestaden, Lundgaard & Tranberg

Charlottehaven, Østerbro, Lundgaard & Tranberg

Tietgen Kollegiet, Ørestaden, Lundgaard & TranbergÅrhus kanalSluseholmen, København

Highrise, Miami, Chad Oppenheim

Apartments, Paris, Emmanuel Combarel Architects



The sketching phase is divided into Large, Medium and Small 
phases, even though the division of the phases have not been 
this strict in the process, all phases have been worked on in an 
iterative process. This way of dividing the phases seems like the 
most natural way of illustrating the process. 
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Initial calculations

Profile for Bolig+ (7.000m2 NET)

7.810m2 x 3m = 23.430m3 (total volume) 
88,37m x 88,37m = 7.810m2 (footprint/roof)
4*(88,37x3m)+7.810m2 = 8.870m2(external surface area)
8.870m2/ 7.810m2 = 1,14 (surface to floor area ratio)

Heat: 55,4 kWh/m2

Cool: 0 kWh/m2

Total: 55,4 kWh/m2

Profile for Bolig+ (7.000m2 NET)

7.810m2 x 3m = 23.430m3 (total volume)
28,61m x 28,61m = 818,53m2 (1/6 surface)
818,53m2 x 5 = 4.093m2 (external surface)
4.093m2/7.810m2 = 0,524 (surface to floor area ratio)

Heat: 35 kWh/m2

Cool: 0 kWh/m2

Total: 35 kWh/m2

In the energy efficient building, compactness is the key word, 
therefore these initial studies is made to evaluate different vol-
umes on the Bolig+ site in order to see what impact the sur-
face to floor area ratio actually has on the energy consumption.

As a tool, the month average spreadsheet is used, in order to 
define the consumed energy in the volume. The spread sheet 
can on the basis of internal loads from people, lighting, and 
equipment, together with orientation of windows, and U-values 
of windows and building envelope calculate an estimate of the 
annual energy consumption. In these studies however, the win-
dow factor is taken out of the equation, to focus on the volume 
only, with no impact from passive heat gain through windows, 
as well as heat loss. 

According to the Bolig+ program, the building should con-
tain about 60 apartments with a maximum total floor area 
of 7.000m2. This indicates an average apartment size of app. 
117m2. However, the apartments should differ in size according 
to different user groups from students and seniors to couples, 
but initially the total number of inhabitants is in these calcula-
tions estimated to 3 people pr. apartment = 180 people. 

Further parameters are mentioned below:

Number of apartments: 60
Number of users: (3 pers. pr. apartment = 180 people)
Time of use: All day (7 days x 24 hours = 168 hours)

People load:
180 people  00.00 – 09.00
60 people  09.00 – 17.00
180 people  00.00 – 24.00

Activity level:
Daytime (light work) - 1.2 met
Night time (lying still) - 0.8 met

Time and effect of lighting:
100% 07.00 – 09.00  and  17.00 – 22.00
33,3% 09.00 – 17.00  and  22.00 – 23.00
16,6% 06.00 – 07.00  and  23.00 – 24.00
0% 00.00 – 06.00

Profile for Bolig+  (7.000m2 NET)
Rest of plot (7.000m2 NET)
Total = 14.000m2 NET

14.000m2 x 3m = 42.000m3 (total volume) 
34,7m x 34,7m = 1.204m2 (1/6 surface)
1.204m2 x 5 = 6020,5m2 (external surface area)
6.020,5m2/14.000m2 = 0,43 (surface to floor area ratio)

Heat: 45 kWh/m2

Cool: 0 kWh/m2

Total: 45 kWh/m2

28,61m

88,37m

3m

88,37m

28,61m

28,61m

BA

28,61m

88,37m

3m

88,37m

28,61m

28,61m

BA

34,7m

34,7m

34,7m

C

The initial studies (to the right) only illus-
trate a small change in the annual energy 
consumption in the proposed volumes. This 
is a consequence due to the relatively small 
change in surface area. The volumes how-
ever differ in depths from 11-13m, which 
will have a consequences on the daylight 
conditions in the deep space of the building. 
This will also define the apartment layout, 
whether there are daylight from mores sides 
or not and how”slim” the layout will be. Fur-
thermore, the site defines a building that is 
North-South orientated, so the apartments 
will mainly get daylight from East and west, 
which will have consequence on the daylight 
conditions.
Dealing with the entire plot, would make it 
easier to optimize the building shape an in-
tegrate different functions in a complete unit. 
This will expand the program to 14.000m2, 
which has been tested in the two last cases 
on the opposite page. To ease the calcula-
tions the number of inhabitants together 
with energy for lighting and equipment is 
doubled up.

ill. 116 Show the extremes - 7.000m2 NET in one floor and the same floor area in a cube.

ill. 117 Illustrate the energy wise optimal compact volume of 14.000m2  

The last two cases illustrate a change in energy con-
sumption compared to the earlier cases. Because a 
larger program is integrated in the volume, the surface 
to floor area  ratio will be affected. The results how-
ever is not directly conclusive according surface area, 
but the investigations still give some idea of the impact 
on compactness. But there is a limitation when it comes 
to compactness, which relates to daylight, as described 
earlier. Therefore a building can only be as compact as 
the daylight factor allows, because daylight and view are 
more important to people in order to achieve a good 
indoor environment and minimize the need of artificial 
lighting. 
The different functions in the building will have different 
needs of daylight, which makes it possible to place func-
tions according to daylight. A mixed program in a larger 
building can therefore be a  way to achieve a compact 
building without compromising on the human aspect.
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Plan/
North-South perspective

Model
Dimensions (m) 

H/L/W

Surfaces 
Roof/ 

N/S/E/W
Surface/ to floor area ratio

Percent wall 
N/S/E/W

Energy 
Heat/cool 

total

  

10 floors
1 volume

30,5/71/11

781m2/
335,5m2/
335,5m2/

2.165,5m2/
2.165,5m2/

5.783m2/7.000m2

Ratio: 0,830

N = 6%
S = 6%
E = 44%
W = 44%

37,2 kWh/m2

0 kWh/m2

37,2 kWh/m2

  

10 floors
1 volume

30,5/59,5/13

773,5m2/
369,5m2/
369,5m2/

1.814,75m2/
1.814,75m2/

5.142m2/7.000m2

Ratio: 0,735

N = 8,5%
S = 8,5%
E = 41,5%
W = 41,5%

36,7 kWh/m2

0 kWh/m2

36,7 kWh/m2

  

5-8-10 floors
1 volume

15,5/71/13
9,5/46/13
6,5/26/13

923m2/
390m2/
390m2/

1.706,5m2/
1.706,5m2/

5.116m2/7.000m2

Ratio: 0,731

N = 9,3%
S = 9,3%
E = 40,7%
W = 40,7%

40,3 kWh/m2

0 kWh/m2

40,3 kWh/m2

Plan/
North-South perspective

Model
Dimensions (m) 

H/L/W

Surfaces 
Roof/ 

N/S/E/W
Surface/ to floor area ratio

Percent wall 
N/S/E/W

Energy 
Heat/cool 

total

  

7 floors
U shape

21,5/71/11
21,5/61/11
21,5/71/11

2.225m2/
1.311,5m2/
1.311,5m2/
3.257,25m2/
3.257,25m2/

11.362,5m2/14.000m2

Ratio: 0,81

N = 14,4%
S = 14,4%
E = 35,6%
W = 35,6%

38,8 kWh/m2

0 kWh/m2

38,8 kWh/m2

  

9 floors
3 single volumes

3x
26/27,5/22

3x
572m2/
715m2/
715m2/
605m2/
605m2/

9636m2/14.000m2

Ratio: 0,69

N = 27%
S = 27%
E = 23%
W =23%

39,3 kWh/m2

 0 kWh/m2

 39,3kWh/m2

ill. 118 Initial energy consumption calculations
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LARGE - INITIAL IDEAS AND PRINCIPLES
As a short introduction to the sketching phase, 
some overall ideas and principles for the re-
lation between the site and the context, was 
generated. This was considered the first step 
towards an actual idea generating process.

Integrated canal, 
connecting the city to the 
harbor, defining the edge of 
the urban fabric.

Integrated canal, defining 
the nearby buildings as 
canal houses, finished with 
a central water space in 
the rambla.

Canal, defining outer 
boundry of project site.

Waterspaces within the 
project site, giving 
character to the building.

Public access from 
Nørresundby, and through 
transit area to the harbor 
front.

Plaza in front of the site, 
will house a number of 
public functions, close to 
the fiord and the 
recreational areas.

The public functions on 
the harbor front, will 
merge together with the 
planned masterplan.

Building with same 
character as existing 
buildings.

Building in contrast to 
context.

Open towards recreational 
areas.

Open towards the fiord Closed volume, defining 
the city edges.

U-shaped volume, opens 
up towards the fiord, 
defining semi public 
outdoor space.

Closed block, sharply 
defined internal outdoor 
spaces. Missing views to 
the fiord.

The closed block, as a 
broken shape, creates 
different public paths. 
through the building.

Landmark as a highrise building, 
marking itself in the city skyline.

Alternative “landmark”, where the 
character of the building stand out 
from context.

Building shaped to create sheltered 
outdoor spaces aswell as shaped to 
utillize the wind for natural ventilation.

Site orientated 30 degrees againts 
south, with good daylight 
conditions, and a predominating 
wind from west.

Integrated canal, 
connecting the city to the 
harbor, defining the edge of 
the urban fabric.

Integrated canal, defining 
the nearby buildings as 
canal houses, finished with 
a central water space in 
the rambla.

Canal, defining outer 
boundry of project site.

Waterspaces within the 
project site, giving 
character to the building.

Public access from 
Nørresundby, and through 
transit area to the harbor 
front.

Plaza in front of the site, 
will house a number of 
public functions, close to 
the fiord and the 
recreational areas.

The public functions on 
the harbor front, will 
merge together with the 
planned masterplan.

Building with same 
character as existing 
buildings.

Building in contrast to 
context.

Open towards recreational 
areas.

Open towards the fiord Closed volume, defining 
the city edges.

U-shaped volume, opens 
up towards the fiord, 
defining semi public 
outdoor space.

Closed block, sharply 
defined internal outdoor 
spaces. Missing views to 
the fiord.

The closed block, as a 
broken shape, creates 
different public paths. 
through the building.

Landmark as a highrise building, 
marking itself in the city skyline.

Alternative “landmark”, where the 
character of the building stand out 
from context.

Building shaped to create sheltered 
outdoor spaces aswell as shaped to 
utillize the wind for natural ventilation.

Site orientated 30 degrees againts 
south, with good daylight 
conditions, and a predominating 
wind from west.

Integrated canal, 
connecting the city to the 
harbor, defining the edge of 
the urban fabric.

Integrated canal, defining 
the nearby buildings as 
canal houses, finished with 
a central water space in 
the rambla.

Canal, defining outer 
boundry of project site.

Waterspaces within the 
project site, giving 
character to the building.

Public access from 
Nørresundby, and through 
transit area to the harbor 
front.

Plaza in front of the site, 
will house a number of 
public functions, close to 
the fiord and the 
recreational areas.

The public functions on 
the harbor front, will 
merge together with the 
planned masterplan.

Building with same 
character as existing 
buildings.

Building in contrast to 
context.

Open towards recreational 
areas.

Open towards the fiord Closed volume, defining 
the city edges.

U-shaped volume, opens 
up towards the fiord, 
defining semi public 
outdoor space.

Closed block, sharply 
defined internal outdoor 
spaces. Missing views to 
the fiord.

The closed block, as a 
broken shape, creates 
different public paths. 
through the building.

Landmark as a highrise building, 
marking itself in the city skyline.

Alternative “landmark”, where the 
character of the building stand out 
from context.

Building shaped to create sheltered 
outdoor spaces aswell as shaped to 
utillize the wind for natural ventilation.

Site orientated 30 degrees againts 
south, with good daylight 
conditions, and a predominating 
wind from west.

Connection to the city

In order not to create a closed community of 
residential buildings on the harbor front, access 
to the harbor is necessary, and therefore also the 
connections between the city and the harbor. A 
natural flow of people will further create life in 
the area, and create a greater connection be-
tween city and fiord, mentally as physically. 

Relation to harbor front  

The harbor front work as a direct connection 
between the city and green recreational areas at 
Lindholm, this transit of people could be used to 
activate public functions on the site. This could 
be a catalyst to generate more life on the harbor 
front, and to create a more differentiated pro-
gram of functions in the building.

Edges

The building is to relate to the nearby buildings 
and the recreational areas towards west. This 
means that the edges from the city are to be 
considered as well as the open green areas and 
the rambla. It is therefore a question of concept, 
whether the building should mark the city edge 
or open up to the green recreational areas to-
wards west. 

Interaction with water

With the site situated closely to Limfjorden, the 
idea of integrating water as a part of the project 
was obvious. The water should either be an ele-
ment in the building itself, be an integrated idea 
in the master plan or work as a mean to create a 
greater connection between the centre of Nør-
resundby and the harbor front. 

ill. 119 Concept Large

Conclusion Plot Area

The plots next to the Bolig+ site, are defined 
as U-shaped volumes orientated towards the 
fiord. However, these sizes are clearly defined, 
whereas the Bolig+ site are situated at the far 
end of the master plan as a part of a broken 
U-shape. The other part has not yet been built 
and since the vision is to make the two future 
buildings act together as a whole U-shape, it is 
found difficult to relate to the part, which has 
not yet been built. 
From an architectural point of view it will make 
more sense to take the entire area onto the 
sketching board and design a complete build-
ing, instead of focusing on a single part and try 
to relate it to another part, which is not even 
defined.

It is obvious to work with the entire shape or 
plot, when working with the integration of so-
cial and urban sustainability in order to create 
an urban space, which considers both aspects, 
and develop this area in an integrated design 
process.
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Landmark

A landmark is usually perceived as a high building, 
that marks itself in the skyline, and the municipal-
ity would like the building to rise towards Limfjor-
den in up to 10 floors, defining the city edge as a 
landmark. A building of that size would however, 
cast large shadows on site, and might therefore 
not be the optimal solution regarding energy ef-
ficient building design. The question is whether the 
experimental element in the building’s character, 
could create another kind of landmark in the area. 

Integrated canal, 
connecting the city to the 
harbor, defining the edge of 
the urban fabric.

Integrated canal, defining 
the nearby buildings as 
canal houses, finished with 
a central water space in 
the rambla.

Canal, defining outer 
boundry of project site.

Waterspaces within the 
project site, giving 
character to the building.

Public access from 
Nørresundby, and through 
transit area to the harbor 
front.

Plaza in front of the site, 
will house a number of 
public functions, close to 
the fiord and the 
recreational areas.

The public functions on 
the harbor front, will 
merge together with the 
planned masterplan.

Building with same 
character as existing 
buildings.

Building in contrast to 
context.

Open towards recreational 
areas.

Open towards the fiord Closed volume, defining 
the city edges.

U-shaped volume, opens 
up towards the fiord, 
defining semi public 
outdoor space.

Closed block, sharply 
defined internal outdoor 
spaces. Missing views to 
the fiord.

The closed block, as a 
broken shape, creates 
different public paths. 
through the building.

Landmark as a highrise building, 
marking itself in the city skyline.

Alternative “landmark”, where the 
character of the building stand out 
from context.

Building shaped to create sheltered 
outdoor spaces aswell as shaped to 
utillize the wind for natural ventilation.

Site orientated 30 degrees againts 
south, with good daylight 
conditions, and a predominating 
wind from west.

Integrated canal, 
connecting the city to the 
harbor, defining the edge of 
the urban fabric.

Integrated canal, defining 
the nearby buildings as 
canal houses, finished with 
a central water space in 
the rambla.

Canal, defining outer 
boundry of project site.

Waterspaces within the 
project site, giving 
character to the building.

Public access from 
Nørresundby, and through 
transit area to the harbor 
front.

Plaza in front of the site, 
will house a number of 
public functions, close to 
the fiord and the 
recreational areas.

The public functions on 
the harbor front, will 
merge together with the 
planned masterplan.

Building with same 
character as existing 
buildings.

Building in contrast to 
context.

Open towards recreational 
areas.

Open towards the fiord Closed volume, defining 
the city edges.

U-shaped volume, opens 
up towards the fiord, 
defining semi public 
outdoor space.

Closed block, sharply 
defined internal outdoor 
spaces. Missing views to 
the fiord.

The closed block, as a 
broken shape, creates 
different public paths. 
through the building.

Landmark as a highrise building, 
marking itself in the city skyline.

Alternative “landmark”, where the 
character of the building stand out 
from context.

Building shaped to create sheltered 
outdoor spaces aswell as shaped to 
utillize the wind for natural ventilation.

Site orientated 30 degrees againts 
south, with good daylight 
conditions, and a predominating 
wind from west.

Integrated canal, 
connecting the city to the 
harbor, defining the edge of 
the urban fabric.

Integrated canal, defining 
the nearby buildings as 
canal houses, finished with 
a central water space in 
the rambla.

Canal, defining outer 
boundry of project site.

Waterspaces within the 
project site, giving 
character to the building.

Public access from 
Nørresundby, and through 
transit area to the harbor 
front.

Plaza in front of the site, 
will house a number of 
public functions, close to 
the fiord and the 
recreational areas.

The public functions on 
the harbor front, will 
merge together with the 
planned masterplan.

Building with same 
character as existing 
buildings.

Building in contrast to 
context.

Open towards recreational 
areas.

Open towards the fiord Closed volume, defining 
the city edges.

U-shaped volume, opens 
up towards the fiord, 
defining semi public 
outdoor space.

Closed block, sharply 
defined internal outdoor 
spaces. Missing views to 
the fiord.

The closed block, as a 
broken shape, creates 
different public paths. 
through the building.

Landmark as a highrise building, 
marking itself in the city skyline.

Alternative “landmark”, where the 
character of the building stand out 
from context.

Building shaped to create sheltered 
outdoor spaces aswell as shaped to 
utillize the wind for natural ventilation.

Site orientated 30 degrees againts 
south, with good daylight 
conditions, and a predominating 
wind from west.

Integrated canal, 
connecting the city to the 
harbor, defining the edge of 
the urban fabric.

Integrated canal, defining 
the nearby buildings as 
canal houses, finished with 
a central water space in 
the rambla.

Canal, defining outer 
boundry of project site.

Waterspaces within the 
project site, giving 
character to the building.

Public access from 
Nørresundby, and through 
transit area to the harbor 
front.

Plaza in front of the site, 
will house a number of 
public functions, close to 
the fiord and the 
recreational areas.

The public functions on 
the harbor front, will 
merge together with the 
planned masterplan.

Building with same 
character as existing 
buildings.

Building in contrast to 
context.

Open towards recreational 
areas.

Open towards the fiord Closed volume, defining 
the city edges.

U-shaped volume, opens 
up towards the fiord, 
defining semi public 
outdoor space.

Closed block, sharply 
defined internal outdoor 
spaces. Missing views to 
the fiord.

The closed block, as a 
broken shape, creates 
different public paths. 
through the building.

Landmark as a highrise building, 
marking itself in the city skyline.

Alternative “landmark”, where the 
character of the building stand out 
from context.

Building shaped to create sheltered 
outdoor spaces aswell as shaped to 
utillize the wind for natural ventilation.

Site orientated 30 degrees againts 
south, with good daylight 
conditions, and a predominating 
wind from west.

Open/closed

The character of the building should be defined 
both of the context buildings, but also the experi-
mental factor, which has led to some consider-
ations regarding openness. This issue relates both 
to the relation to the harbor front, the definition 
of outdoor spaces, and the character of the exist-
ing building(s) towards east.

Outdoor spaces

Due to the situation of the site the project seek 
to design a building which can provide a wide 
program of functions that relates to the public as 
well as being a residential area, with a degree of 
privacy. The outdoor spaces should therefore also 
relate to the public and still provide more private 
outdoor spaces for the inhabitants.

Role in master plan

The municipality wants the project area to be a 
site for experimental architecture as well as being 
a landmark, which marks the city edge. Therefore 
the character of the building should somewhat 
differ from the existing and coming buildings in 
the area. The context relation should however 
still be present in the building’s character.

Macro climate

The building should utilize the natural conditions 
in the area such as sun for heating and wind for 
ventilation, but it should also work as a mean to 
create sheltered and well lit outdoor spaces, for 
the public as well as the inhabitants.

ill. 120 Concept Large
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1. iteration 2. iteration 3. iteration

4. iteration

From the initial ideas and principles some first models are gen-
erated to get the sketching phase started. A form workshop 
was started, testing different building typologies in the area. 

Some of the focus points in the form workshop was:
- How to relate to the context
- Existing edges in the area
- Outdoor spaces, focusing on the social- and urban sustain    
  ability
- How to work with the landmark effect of the building

From the first 11 models, 4 models have been chosen to work 
further on, because these models are considered to possess 
some good qualities that would be interesting to investigate 
some more. 

The models work with different building typologies; compact 
forms, spread, in formation, connections between buildings etc. 

ill. 121 Initial models

The 2nd iteration explores the qualities of the 1st iteration mod-
els. The model in the upper middle works with the “inverse” 
landmark effect with the highest point away from the harbor. 
The building creates two very good outdoor spaces, well di-
vided for a semi-private space in between the building, and a 
public space in front of the building. 
This building type is taken an iteration further, implementing 
a row of public functions, completing the form into a twisted 
karré. 
In the 4th iteration the building takes a drastic turn. The other 
models did not create optimal light and view conditions for 
each apartment in the building. 

A way to make these conditions better, is to split the building 
into several volumes. Even though this increases the surface 
area, the energy demand does not change a lot, if keeping the 
building in a compact shape. (As discussed earlier in the initial 
calculations).
The model of the 4th iteration makes grounds for the concept 
developed in the 1st phase of the Large phase. 
The building works with different levels of the buildings, other 
functions and greenery implemented. The buildings are con-
nected in the heights by e.g. walkways or others. Outdoor 
spaces are created in various levels. The concept can be seen 
on the next page. 

ill. 122 Building typologies
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ill. 123 Workshop models
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CONCEPT 1ST PHASE

1. Orthogonal grid 2. Grid rotated 45 degrees 3. Base organized after grid, and urban con-
nections containing public functions and of-
fices. Optimal orientation according to sun 
path and wind. 

4. Blocks orientated according to base and 
macro climate. Base defines public space to 
the south with the rooftops as semi public 
outdoor spaces. South west block rise as 
landmark.

8. The build up area consists of a mixed 
program with residential buildings, offices, 
and public functions in various levels. 
The different levels define both public and 
semi public outdoor spaces and provide 
daylight through intimate court yards. 

7. Blocks connected in various levels by 
semi public walkways. Blocks connected 
with buffer zones minimizing surface area, 
and improving energy efficiency. 

6. Court yards “cut out” of the base, creat-
ing more intimate public spaces in street 
level and improving daylight conditions. 

5. Blocks connected in level 2 by office 
functions. Roof terraces as green semi pub-
lic outdoor space.

N

5

8

10

5

5

7

pu
bli

c

ill. 124 Concept
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Orientation:
East 

-90º -60º -30º

South

0º 30º 60º

West

90º
Horizontal 0º 86 86 86 86 86 86 86
               15º 85 90 93 94 93 89 84
               30º 82 91 97 99 97 90 81
               45º 79 90 98 100 97 90 77
               60º 73 86 94 97 93 85 72
               75º 66 78 86 89 86 77 65
Vertical    90º 58 68 75 77 75 67 57

ill. 125 Electricity profit in % by variation in degree and orientation [ Solceller i byggeriet]

To reach a zero-emission building it is necessary to imple-
ment renewable energy sources in the design. The sun-, wind 
and water conditions on the site are favorable and should be 
exploited. Wind turbines provide a constant electricity pro-
duction, when the wind blows, but since the project area is 
situated to the fjord there is almost always a constant wind in 
the area, where as solar cells- and collectors are best during 
April-September, the summer months. Though a small amount 
of sunshine on a cloudy day produce energy as well. Solar cells 
produce electricity, and solar collectors produce energy for hot 
water and for heating.

The Bolig+ program puts as criteria that the produced energy 
from the site must be of a certain quality: the quality must be as 
good as the electricity delivered from the supply. 

The low energy class 1 will be calculated and documented 
using Be06, and must be reached without the use of renew-
able energy sources. Solar collectors used for hot water are 
accepted, and can be used in the design to reach LE1. [BR08, 
Bolig+ program]

From the experiences with the Bolig+ competition, a few of 
the projects implemented wind turbines on the site, but the 
results from these were not good. The produced electricity was 
not of the same quality as delivered from the supply network. 
[Lars Kvist, Arkitema, 21.4.10] It has therefore been decided 
not to exploit the energy from the wind. The heat from the 
fjord will still be investigated in a combination with a heat pump. 

The expected annual energy consumption is of 1.700 kWh 
per apartment (a total of 1.700 * 60 apartments) = 102.000 
kWh. 102.000 kWh / 7.000 m2 = 15 kWh/m2 (expected annual 
energy consumption of the building, according to the Bolig+ 
program) 
Emphasis will be on designing at least 60 energy neutral apart-
ments, and the project will take its starting point in the 1.700 
kWh per apartment, even though this number might be a little 
low.  These numbers require low-energy and intelligent instal-
lations.  

The annual performance vary depending on the amount of 
sunshine hours in the country, but as a “thumb rule” calculated 
performances are around 400 kWh per m2 solar collector area. 

There are deviations of circa +/- 25%. [Teknologisk Institut, 
Livscyklusvurderinger, s 25, tabel 5.5]. A panel often measures 
2.5 m2. The effect of the solar collector is depended on the 
orientation and location towards the sun and depended on the 
outdoor temperatures as well. 

From the table below it can be seen that the optimal location 
of solar cells in Denmark is orientated towards the south in a 
45 degrees angle. Though solar cells in different orientations 
and degrees still provide energy. It is important to take dif-
ferent factors into consideration, such as shadows from other 
buildings or from large trees, since these can affect the effect of 
the energy source. Even though south is the optimal location, 
east and west orientated solar- cells and collectors are still very 
useful, and especially in the fall and spring where the angle of 
the sun is low.  

MEDIUM - RENEWABLE ENERGY SOURCES

Solar cells- and collectors can be integrated in the building in 
many different ways; on the roof, in the facades, on balconies 
Today solar- cells and collectors come in many different varia-
tions. They can be transparent and colored.  A combined solar- 
cell and collector is also accessible on the market today. (PV/T) 
A solar collector system works with solar collectors integrated 
on the building and a system, which it is attached to. When rays 

from the sun hit the collector, a frost-proof fluid will be heat-
ed inside the solar collector. The fluid circulates between the 
panel and a hot-water tank. The fluid gives off the heat to the 
tank and afterwards returns to the collector. Solar collectors 
can be used for hot water or space heating, or a combination 
of both. A solar collector system can profitably be combined 
with ground heating or fjord heating in connection with a heat 
pump. [bolius.dk]
Solar cells are a pollution-free energy source, which produce 
electricity from the rays of the sun. There are two types of solar 
cells systems; a system connected to the supply network and 
a “stand-alone” system, which store the electricity in batteries. 
In this case the one connected to the supply network is of 
interest. When there is a surplus of electricity produced the 
electricity will be sold to the supply network, and when there 
is a shortage in the production, electricity will be bought from 
the supply. A solar cell system consists of thin silicon panels, 
called PV’s (photo-voltaic). When the panels capture the sun-
light, DC (direct current=jævnstrøm) is produced. The intensity 
is depended on the size of the panel and the intensity of the 
sun. The DC must be transformed to 230V via a net inverter 
before the solar cells can be connected to the supply network. 
Today there are different solar cells available on the Danish 
market; mono crystalline panels, poly crystalline, non-crystalline 
and thin film solar cells. Mono crystalline panels are the most 
effective ones. [Bolius.dk]

Initial calculations using spreadsheets have been made to docu-
ment the amount of solar- cells and collectors needed to in-
tegrate in the design to reach a zero-emission building. These 
results can be seen on the following pages.
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Orientation:
East 

-90º -60º -30º

South

0º 30º 60º

West

90º
Horizontal 0º 86 86 86 86 86 86 86
               15º 85 90 93 94 93 89 84
               30º 82 91 97 99 97 90 81
               45º 79 90 98 100 97 90 77
               60º 73 86 94 97 93 85 72
               75º 66 78 86 89 86 77 65
Vertical    90º 58 68 75 77 75 67 57

Integration of solar collectors

A spreadsheet, which can be found in appendix and on the cd, 
is used as an initial calculation of the amount of solar collectors 
to integrate in the building for the production of hot water or 
space heating. 

The spread sheet inputs;
- The existing heating supply
- The annual energy demand
- If the panels are able to be replaced
- Number of inhabitants
- The inclination of the panel
- The orientation

The values to the right in the spreadsheet can not be changed. 
These are recommended values. 

The reference is a single unit dwelling with an average of 3 in-
habitants. The annual energy demand from the Bolig+ program 
is set to 2.000 kWh. (=1.700 kWh)
The first calculation is made with the orientation and inclina-
tions corresponding to optimal conditions. 

This gives a result of 3 m2 solar collector panel per unit = 3 m2 
* 60 units = 180 m2. 

- The second calculation is made with a vertical inclination still 
orientated towards south. The result changes to 4,1 m2 of solar 
collectors due to the change in angle. 
- The third calculation is the worst case scenario, where the in-
clination is set to vertical, and the orientation is east. The result 
is now 8,7 m2 of solar collectors. 

The results can be seen below in the green boxes, and found 
on the CD.

ill. 126 Initial calculations of solar collector panels [Teknologisk Institut]

Annual energy demand 2000 kWh

Number of inhabitants: 3

Inclination of roof: 45 degrees

Orientation: South

Result, area of solar collectors 3,0 m2

Integration of solar cells

This spreadsheet is used as an initial calculation of the amount 
of solar cells to integrate in the design to reach the energy 
neutrality. 

The reference is all of the 60 apartments from the Bolig+ pro-
gram. The expected annual electricity demand is of 102.000 
kWh (1.700 kWh * 60 units). 

The inputs needed in this spreadsheet are;
- The amount of solar cell panels
- The inclination (from horizontal)
- Deviation from south (0-90)
- The effect of the panels
- The system factor (effect of the system, caused by shadows 
or others)

The effect of the panels depend on the choice of solar cell type. 

The output of the spreadsheet is seen in the blue box. The aim 
is to reach a value higher than 102.000 kWh. 
The first calculation corresponds to optimal conditions with a 
45 degree inclination and orientated towards south. 

ill. 127 Initial calculations of solar cell panels [Teknologisk Institut]

Area of solar cells 1.100 m2

Inclination from horizontal 45 degrees

Deviation from South (0-90) 0 degrees

Effect of the panels 12%

System factor 70%

Calculated performance 106.902 kWh

Area of solar cells 1.200 m2

Inclination from horizontal 90 degrees

Deviation from South (0-90) 0 degrees

Effect of the panels 12%

System factor 80%

Calculated performance 103.105 kWh

Area of solar cells 1.650 m2

Inclination from horizontal 90 degrees

Deviation from South (0-90) 90 degrees

Effect of the panels 12%

System factor 80%

Calculated performance 104.834 kWh

A cross between mono- and poly crystalline panels have been 
chosen, which have an effect of 12%.  This number could easily 
be higher. A system factor of 70% is chosen, where shadows are 
taken into account.
This gives a result of 1.100 m2 of solar cells, which need to be 
integrated in the building design. (With a system factor of 80% 
the result is 122.000 kWh, and therefore the amount of solar 
cells could be less. The second and third calculations show that 
the amount of solar cells increase when the inclination and ori-
entation change to less good conditions. A worst case is seen 
in the third spreadsheet, where the orientation is East or West. 

Annual energy demand 2000 kWh

Number of inhabitants: 3

Inclination of roof: 90 degrees

Orientation: South

Result, area of solar collectors 4.1 m2

Annual energy demand 2000 kWh

Number of inhabitants: 3

Inclination of roof: 90 degrees

Orientation: East

Result, area of solar collectors 8.7 m2
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Be06 - Low Energy 1 + Energy Neutrality, Phase 1

Furthermore, Be06 is used early in the design phase, to have an 
understanding of which elements and values have significantly 
meaning towards the energy consumption, and as well as an 
initial study to investigate the amount of solar- cells and collec-
tors necessary to integrate to reach a zero-emission building. 

Be06 will be used during the project in three different phases. 
It will be interesting to compare the results found from this first 
phase with the results found from the spreadsheets. 
Phase 1 is based on a reference building of the same dimen-
sions as the volume studies from earlier, building no. 1. 

Annual energy demand 34,9

Contributions to the energy demand

Heating 9.6

Electricity for the building 10.1 * 2.5 

Overheating in rooms 0.0

Chosen electricity demands 0.0

Lighting 0.0

Heating of rooms 0.0

Heating of hot water container 0.0

Heat pump 0.0

Ventilation 10.1

Pumps 0.0

Cooling 0.0

Total energy demand 40.7

Net demands

Space heating 1.6

Hot water 13.1 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.0

Contribution from special sources 0

Solar heat, solar collectors 5.1

Heat pump 0.0

Solar cells 0.0

Key numbers, kWh/m2 year

ill 128. Be06 results phase 1, without solar cells

Key starting points, Be06, phase 1:

The building is a compact volume of 7.000 m2, in 10 floors, with 
the dimensions; (h,l,w)30.5/71/11 m. 

Heated floor area: 7.000 m2

Heating capacity: 120 Wh/k
Time of use: 168 hours per week (constantly)

District heating is checked as heating supply. 

Transmission loss, through building envelope: 3.2 W7m2 

Constructions towards the outdoors:
- Roof 781 m2

- South facade 335 m2 
- North facade 335 m2

-  East facade 2.165 m2

- West facade 2.165 m2

- Floor 781 m2

Foundations, line loss: 164 m around foundation, 0.13 W/mk 
loss, 364 m around windows, 0.03 W/mk loss. 

Windows: All windows have a g-value of 0.5 
- South: 300 m2, North: 100 m2, East 650 m2, West 650 m2

The South facade has as much window area as possible, and 
the North facade as little as possible. But due to the orienta-
tion of this reference building, the largest is surface area is not 

towards south, but towards east and west. 

U-values: Construction elements have U-values of 0.1 W/m2k, 
and windows of 0.8 W/m2k. 

Shadows:
Shadows from balcony is put into the calculations.

Ventilation:
Natural and mechanical ventilations is added to the building. 
When adding mechanical ventilation it is important also to add 
a heat recovery system. This value is put to 0.85. 

Internal heat gain: Standard values for persons and appliances 
are put into the calculations. 1.5 W/m2 for persons, 3.5 W/m2 
for appliances. 

Renewable energy sources such as heat gain from a heat pump, 

solar collectors, solar cells and others can also be put into the 
calculations. 
Solar collectors can be used for both space heating and hot 
water.  To reach the LE1, only solar collectors used for hot wa-
ter can be applied. 

200 m2 of solar collectors on the roof have been added in this 
calculation.

Final result: 34.9 kWh/m2
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Net demands

Space heating 1.6

Hot water 13.1 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.0

Contribution from special sources 0

Solar heat, solar collectors 5.1

Heat pump 0.0

Solar cells 0.0

The same Be06 model has been used as an initial calculator of 
how many solar cells needed to implement to reach a building 
of energy neutrality. 

Since this building is orientated East-West, it is not possible 
to integrate that many solar cells on the southern facade. This 
calculation will instead be based on solar cells integrated on the 
eastern facade, which will be more of a worst case scenario. 

1.100 m2 of solar cells integrated on the building, with an incli-
nation of 90 degrees, east orientation and a peak factor of 0.13 
produce: 13.9 kWh/m2 year. 

200 m2 of solar collectors integrated on the roof, with an in-
clination of 0 degrees, south orientation, produce: 13.9 kWh/
m2 year.

These initial results from Be06 fits well with the initial results 
from the different spreadsheets. The solar collector spread-
sheet must be divided by the m2 of the apartment to have the 
two results in the same values/units. The average apartment 
size of the Bolig+ is of 117 m2. 2000 kWh/117 m2 = 17 kWh/
m2 year. The number would be different with 1.700 kWh / 117 
m2 = 14.5 kWh/m2 year, and is now almost the same as the 
Be06 results. 
The same procedure is necessary to perform with the energy 
produced from the spreadsheets with solar cells. The result 
106.902 kWh must be divided by the entire floor area of 7.000 
m2. = 15.2 kWh/m2 year.  
 
The Be06 calculations are very relevant, because it is possible 
to see directly how much energy is used for electricity, for hot 
water and for space heating. 

Note that these electricity demand from the Bolig+ is consid-
ered to be a bit low, and the number of solar cells might be 
even more. When looking at the total energy demand, which is 
of 40.8 kWh/m2 year found from the first calculation in Be06 
for a building of 7.000 m2,the electricity production must be 
higher to reach energy neutrality. Also note that a factor of 
2.5 is multiplied with the electricity demand of the building, 
therefore the electricity produced by solar cells must also be 
multiplied with a factor of 2.5.  

Annual energy demand 0

Contributions to the energy demand

Heating 9.6

Electricity for the building 10.1 * 2.5 

Overheating in rooms 0.0

Chosen electricity demands 0.0

Lighting 0.0

Heating of rooms 0.0

Heating of hot water container 0.0

Heat pump 0.0

Ventilation 10.1

Pumps 0.0

Cooling 0.0

Total energy demand 40.7

Net demands

Space heating 1.6 

Hot water 13.1 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.0

Contribution from special sources 0

Solar heat, solar collectors 5.1

Heat pump 0.0

Solar cells 13.9

Key numbers, kWh/m2 year

ill. 129 Be06 results phase 1, solar cells integrated

Later in the synthesis phase, the Be06 results will be verified in 
the Bolig+ toolkit. 
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dwellings

public functions public functions
parking parking

public plaza

dwellings

dwellings

dwellingsoutdoor space outdoor space

roof top gardens

o�ce/retail o�ce/retail o�ce/retail

The concept of the 1st phase of medium is illustrated in a sec-
tion on this page.

The concept consist of three levels; 
- A base which includes different public facilities and functions 
on street level and raised
- The buildings shooting from the base, creating two different 
elements
- Outdoor spaces created in between the base and the build-
ings of dwellings.

The buildings containing dwellings work in different heights, and 
have different programs, related to the integration of different 
user groups. 

Different outdoor spaces are created for both private use, 
semi-private and public use. 

The plan works with zoning by placing the public functions and 
offices/retail in the street levels, to have the connection to the 
public and as well situate them in places where dwellings are 
not optimal to have, regarding daylight and view.   

Green areas and elements are a part of the concept, green ele-
ments integrated on different levels; the base, on roof tops etc.

Furthermore, the parking has been situated in a basement, to 
keep the cars off the street level. 

CONCEPT
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dwellings

public functions public functions
parking parking

public plaza

dwellings

dwellings

dwellingsoutdoor space outdoor space

roof top gardens

o�ce/retail o�ce/retail o�ce/retail
ill. 130 Conceptual section
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SMALL - APARTMENT DESIGN

As a part of the initial sketching, daylight analysis have been 
used in order to evaluate different apartment layouts, and 
to see what can be done to utilize the natural daylight in the 
apartments. Daylight is an important factor when designing any 
building. Daylight and the use of it in architecture has a pro-
found impact on people’s well being. 
Daylight is also an important subject when dealing with sustain-
able buildings. If the design of the building does not allow for 
enough daylight, the inhabitants will ultimately turn to artificial 
lighting, which will increase the electricity use and therefore the 
energy demand. 
To gain passive heat from the sun, it is important to have the 
largest window openings to the south, though this might re-
sult in overheating during the summer time. Therefore it will 
be necessary to combine the large window openings towards 
south with a shading device, e.g balcony overhangs, external 
shutters or others.

Daylight Analysis

Different qualities are desired for the apartment design, related 
to architectural qualities and indoor environment.
The main quality of the indoor environment relates to daylight 
and thermal comfort. It has been the intention from the begin-
ning to have well-lit apartments, having daylight coming from 
two or more sides of the room, in respect to the living room 
and kitchen areas. 

The first initial daylight calculations are studies of different 
room depths in relation to calculating the daylight factor, which 
should be a minimum of 2%. 

The calculations are based on a 8 m, 10 m and 12 meter deep 
apartment. There are two different studies of each type; one 
with only one-sided daylight, and one with 2-sided daylight  
(windows openings). The sizes of the windows are the same in 
the different examples. 
The calculations are performed using Ecotect Daylight Analysis, 
but note that Ecotect always considers the worst case scenario, 
with an overcast sky, and therefore does not differ the orienta-
tion as well. 

The room height has also been tested to see which difference 
a room height of 2.4, 2.7 or 3.0 meters makes.
The room height of 3 meters have not been included, because 
the results did not differ much from the 2.7 meters. 

20.0 +

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

%

Daylight factor (%)

10 x 8 x  2.7 m, single

10 x 8 x  2.7 m, 2-sided

10 x 10 x  2.4 m, single

10 x 10 x  2.7 m, 2-sided

l x w x h

10 x 8 x  2.4 m, single

10 x 8 x  2.4 m, 2-sided

10 x 10 x  2.4 m, 2-sided

10 x 10 x  2.7 m, single 10 x 12 x  2.4 m, single 10 x 12 x  2.7 m, single

10 x 12 x  2.4 m, 2-sided 10 x 12 x  2.7 m, 2-sided

The conclusions of the initial daylight analysis definitely show 
that a 2-sided naturally lit apartment have better daylight condi-
tions than an apartment of single-sided natural lighting. 
The 8-, and the 10 meter deep apartments of single-sided natu-
ral lighting can achieve the satisfying daylight factor of minimum 
2% in the entire room. Where as the 12 meter deep apartment 
cannot reach the 2% of daylight factor in the entire apartment. 
Since the room will be significantly darker in one end, with only 
lit from one side, it is considered a high quality to have the two-
sided openings to lit the apartment The results of the 10 meter 
deep apartment of 2-sided is very good, and therefore a room 
depth of 10-11 meters is considered optimal. 
The results depending on the room heights do not vary much. 
Note that the dimensions of the windows are the same in all 
tests. In the single-sided of 12 meters it can be seen that a 
higher room height does not equal better daylight conditions.
Though, if the windows sizes vary according to the room height, 
the results would change.

A room height of 2.4 or 2.7 meters is considered good. 
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ill. 131 Ecotect daylight factor
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10 x 12 x  2.7 m, single

10 x 12 x  2.7 m, 2-sided

ELEVATOR
STAIRS

KITCHEN
LIVING
DINING

BATHROOMBATHROOM
BEDROOMBEDROOM
BEDROOM

BALCONY

BALCONY

ENTRANCE

A C C E S S

A conceptual idea of the apartment plan organization can be 
seen on the illustration to the right. 
Two apartments will share one access point; a core with stairs 
and elevators, inside the defined volume. The functions, which 
do not require natural daylight, such as the entrance and bath-
rooms will be distributed in the middle of the apartment, which 
allow the other rooms, which do require natural light, e.g. bed-
rooms, living room, office to have openings towards the open. 
Bathroom(s) and kitchen will be centralized in the apartment, 
ensuring a rational distribution of ventilations pipes from those 
functions which require mechanical ventilation, such as the 
kitchen and bathrooms.
With a living- and dining space organized in the entire room 
depth, allow for balconies or terraces on both sides of the 
apartment.
This distribution of terraces depend on the orientation of the 
apartment. If it is an east-west orientated building, the balconies 
on both east- and west would be preferable, to have the quali-
ties from the morning- and the afternoon sun. In a south-north 
orientated apartment, the quality of having a balcony situated 
towards the north may be discussed. 
Some of the apartments might be in two storeys and work 
with double high rooms. This will be investigated later. 

PLAN SOLUTIONS

ill. 132 Conceptual plan of apartments principles

ill. 133 Initial plan solutions

The Bolig + Program defines two apartment types/sizes; 

- Small apartments of 95 - 120 m2

- Large apartments of 110 - 150 m2

These sizes have been evaluated, and in relation to having a mix 
of users, it would be preferable to have more than two types of 
apartment sizes, to meet the needs and demands of the user 
groups consisting of young, singles, couples, families and elderly.

When working with the principles as seen in the conceptual 
plan illustration it is possible to work with different sizes of 
apartments, simply by adding or subtracting space within these 
defined sizes. It is a possibility to have 3-4 different types of 
apartments, designed from the same basic principle. For in-
stance the apartments could be divided into sizes of:

80 m2 apartments 

120 m2 apartments 

150 m2 apartments (penthouse?)

Access to apartments
Different solutions of how to implement the stairs and elevator 
access have been tested; Having the core with access in the 
middle of two apartments, as a central core, or along the sides, 
either making entrance in the middle of the room or along the 
sides. 

A solution of having studio apartments as a type has been up 
for discussion as well. Within the defined frames of the building 
envelope, there is a possibility of having 3 studio apartments of 
ca. 50 m2 each. When wanting to keep the same principles with 
an internal stair/elevator shaft, this results in one of the apart-
ments not having light coming in from both sides of the apart-
ment. The only solution to this problem is to have the access as 
an external device outside the building envelope. 

ill. 134 Initial plan solutions, studio apartments

ill. 135 Stairs and elevator, access
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LARGE - 2ND PHASE

In the 2nd iteration of the Large phase, the placement and ori-
entation of the buildings are tested in different ways, according 
to the sun, view, and wind conditions according to natural ven-
tilation, as well as which outdoor areas are created in between 
the buildings. 
The last concept posses the best qualities and is therefore cho-
sen. This formation has been tested according to light condi-
tions; sun- and shadows on the site.

Back to the orthogonal grid, which follows the other 
buildings in the area. The buildings are situated opti-
mally according to sun conditions and wind condi-
tions related to the use of natural ventilation. The 
buildings are situated north/east, south/west. A semi-
private outdoor area is created and  semi-public. 

7 buildings are now orientated directly north/south 
which is optimal according to sun, but not optimal 
for wind conditions and as well view. The building 
composition creates two zones for outdoor areas, a 
semi-private in the middle and a semi-public towards 
the water.

The buildings are orientated north-east/south/
west, which are optimal according to wind and as 
well view, but orientation towards the southern sun 
and gain of passive heat is not optimal. The outdoor 
spaces created between the buildings are not ap-
pealing to the public. 

v
v

v

v
v

v

The illustrations can be seen on the next page. The sun studies 
are made for March/September, June and December, 4 differ-
ent times of the day.
The studies are evaluated according to the shadows, the build-
ings cast on each other and on the site in relation to analyzing 
the outdoor areas created.
Note that the buildings are working in different heights; the 
tallest building with 10 storeys is situated to the back, and the 

The last iteration is optimized according to groups 
of 2+2 to create a sense of community and connec-
tion between the buildings. This might create a space 
between the buildings which allows for access via 
stairs and elevators. Furthermore, the buildings have 
been pulled a little back from harbor front to allow 
for public functions and connections, and to create a 
distance from private to public.

v
v

v

vv
v

v

v
v

buildings closest to the harbor front are 4-6 storeys high. 
By situating the tallets buildings in the back, allows for better 
daylight and view for each building, even though this is against 
the Bolig+ program and the municipality plan according to 
landmark effect.
The buildings do not cast shadow on each other, except for a 
short period of the day, which is acceptable. By looking at the 
studies from March-June-Septemper, which is when the out-
door areas will be used, the spaces are very good both at noon, 
afternoon and evening (summer). 
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ill. 136 Concept Large 2nd phase
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OUTDOOR AREAS, SUN & SHADOWS

09.00 12.00 15.00 18.00

March/September 21st

June 21st

December 21st

ill. 136 Concept Large 2nd phase

ill. 137 Sun- and daylight conditions on the site
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Harbor Bath
Considerations regarding the harbor bath have been made 
whether or not this should be situated in the spot from the 
municipality plan; in between SHL building II and the Bolig+ site, 
or moved further to the left if deciding to bring in the water  
and making the harbor bath in connection with this. 
The harbor bath is well situated near the Bolig+ site, because of 
its recreational element, and in connection to the public func-
tions which is wanted in the Bolig+ area. 
Considerations have been made about building the harbor 
bath and the rest of the buildings together, in a way that the 
harbor bath would be merging out from the main buildings.
When defining the sharp edges towards north and east, these 
edges will mark the end of the city, and therefore, if deciding 
to integrate water, this should be in between Bolig+ and SHL 
marking the edge. The harbor bath will keep its original place-
ment proposed from the municipality plan.  

Base = landscape
The base will frame the entire plot area, with sharp defined 
edges towards north and east, and softer edges towards west 
and south towards the water and the recreational green areas. 
The landscape continues from west, becoming part of the base. 

Public functions
When working on the entire plot, this gives an estimated 
10.500 m2 for dwellings and 3.500 m2 for other functions, such 
as offcies, shops and others. The main focus is on building 7.000 
m2 of low energy and energy neutral buildings, while the re-
maining m2 for dwellings will be of an other character and not 
detailed in the project. Regarding the public functions, these will 
be programmed for use, but as well not further detailed. 

The 3.500 m2 will be divided and used for offices, service func-
tions such as hairdresser, flower shop, a small kiosk etc. and 
functions related to the recreative area, a café and perhaps a 
small fitness- and spa center, dressing room facilities in connec-
tion with the harbor bath. Integrating a kinder garden in the 
area would create life in the daytime and be an advantage for 
the area undergoing so much development, with many new 
families living in the area. 

OFFICES

RECREATIVE

SERVICE

KINDERGARDEN

?

?

?

?

The offices will be located towards north and north-east, 
which is closest to the entrance road, and represents the more 
service-minded character. Furthermore, these functions are sit-
uated along the very defined edges. The recreative areas clos-
est towards the harbor, and a kinder garden towards the west 
and the open green area, from which they can benefit. 

The mixed user group of young, singles and couples, families 
and seniors can be grouped and organized on the site accord-
ing to which functions are in the near and which demands the 
different user groups have. 
The separation will of course not be this strict.
The young people might want to be closest to the harbor front, 
where there is life many hours of the day, and functions such 
as the harbor bath and public functions integrated on the roof 
tops relates more to the young people.
Families are situated further back, where their children can be 
safer, and seniors in the middle where they can follow the life 
around them, the public, and the young and family groups. 
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SENIORS
YOUNG

FAMILIES

The function of the base is a public and semi-private space, of 
which the inhabitants and the public can use. The base will be 
programmed for different use. Public functions are tried inte-
grated in volumes.
The base will have holes cut into it, to allow light to shine to the 
lower levels, which should also be active places to be. Connec-
tions on different levels will be a characteristic of the program 
of the base. 
The project have been working with different ways of cutting 
into the base, circles, squares and other shapes, in different for-
mations. Some of them might not only be holes, but simply 
a lowered level for stay, well sheltered for wind. Formations 
of creating a semi-private space and a public space by cutting 
holes have been tested, creating 2 different sizes of holes in 
the base. 
The holes allow for daylight in the lower level, which makes the 
functions below more interesting, and as well a more comfort-
able and safer place to be. The area will have connections both 
on street level through the base and on the base. 

ill. 139 Concept Large 2nd phase

ill. 138 Cutting holes into base

ill. 140 Apartments, Amsterdam, HVDN Architects

ill. 141 Apartments, Beijing, SHL Architects
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MEDIUM - 2ND PHASE -Be06

Annual energy demand 30,6

Contributions to the energy demand

Heating 5.3

Electricity for the building 10.1 * 2.5 

Overheating in rooms 0.0

Chosen electricity demands 0.0

Lighting 0.0

Heating of rooms 0.0

Heating of hot water container 0.0

Heat pump 0.0

Ventilation 10.0

Pumps 0.0

Cooling 0.0

Total energy demand 40.8

Net demands

Space heating 5.2

Hot water 13.7 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.6

Contribution from special sources 0

Solar heat, solar collectors 13.7

Heat pump 0.0

Solar cells 0.0

Key numbers, kWh/m2 year

ill. 142 Be06 results phase 2, without solar cells

The calculation in Be06, 2nd iteration, is now based on the con-
cept with the scattered buildings of 6 blocks. The calculation is 
based on an 8 storey high building block, with two apartments 
on each floor, each of 100 m2. This apartment block is chosen 
because it is considered to be the worst case, due to shadows 
from other buildings. See the illustration to the right. 

The building will give an impression of an average result of the 
energy used in the entire complex (6 main buildings).

Key starting points, Be06, phase 2:

Heated floor area: 1.600 m2

District heating is checked as heating supply. 

Transmission loss, through building envelope: 3.8 W/m2

Constructions towards the outdoors:
- Roof 200 m2 

- South facade 608 m2 
- North facade 608 m2

-  East facade 304 m2

- West facade 304 m2

- Floor 200 m2

Foundations, line loss: 60 m around foundation, 0.13 W/mk loss, 
670 m around windows, 0.05 W/mk loss. 

Windows: All windows have a g-value of 0.6 
- South: 192 m2, North: 80 m2, East 64 m2, West 64 m2

The South facade has as much window area as possible, and 
the North facade as little as possible, but still enough to have 
the living area well lit from both sides. 

U-values: Construction elements have U-values of 0.1 W/m2k, 
and windows of 0.8 W/m2k. 

Shadows:
Shadows from balcony, an overhang of 2 meters, is put into the 
calculations, as well as shadows from other buildings. 

Ventilation:
Natural and mechanical ventilations is added to the building. 
The value of the heat recovery system connected to the me-
chanical ventilation system is put to 0.85. This number could 
both be lower (0.8) or even higher (0.9) which of course af-
fects the total energy demand. 

Internal heat gain: Standard values for persons and appliances 
are put into the calculations. 1.5 W/m2 for persons, 3.5 W/m2 
for appliances. 

The use of hot water in the building is out to 250 l/year/m2

The volume of the hot water container is set to 300 liters. 

The results from Be06 phase 2 can be seen below. The results 
are without the use of solar cells and heat pumps, but with solar 
collectors for hot water production.

Final result: 30.6 kWh/m2
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Net demands

Space heating 5.2

Hot water 13.7 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.6

Contribution from special sources 0

Solar heat, solar collectors 13.7

Heat pump 0.0

Solar cells 0.0

The results when adding the contributions from solar cells and 
heat pumps can be seen in the table below.
Implementing 1.800 m2 of solar cells, south orientated, in 90 
degree inclination with a peak power  of 0.14 and the effect of 
the system set to 0.8 gives an energy production of 41.4 m2.  
A heat pump connected to the building will produce energy 
for both hot water and space heating, a contribution of 2.4 
kWh/m2. 
According to the Be06 calculation we have reached a building 
of both Low Energy class 1 and energy neutrality. 

Annual energy demand -73.8

Contributions to the energy demand

Heating 2.9

Electricity for the building 10.8 * 2.5 

Overheating in rooms 0.0

Chosen electricity demands 0.0

Lighting 0.0

Heating of rooms 0.0

Heating of hot water container 0.0

Heat pump 0.0

Ventilation 10.0

Pumps 0.0

Cooling 0.0

Total energy demand 41.8

Net demands

Space heating 5.2

Hot water 13.7 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.6

Contribution from special sources 0

Solar heat, solar collectors 13.7

Heat pump 2.4

Solar cells 41.4

Key numbers, kWh/m2 year

ill. 143 Be06 results phase 2, solar cells implemented
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The buildings have been situated on the site 2 and 2, creat-
ing a connection between these volumes. The space created in 
between the two buildings is an open space, though a defined 
space. The function of this space is a connection between the 
two buildings. To gain access to the apartments from this space 
it is necessary to have exterior access ways to the apartments, 
compared to having the interior access core within the frames 
of the building envelope.
This space will be a vertical element with staircase going to 
the top of the buildings. The roof tops of the buildings are pro-
grammed for different use, and this space will create a con-
nection to these functions. Due to the openness of the space, 
the character will be both semi-private and public. Functions 
integrated on the roof tops, such as different ball games and 
other activities, will relate to public functions, and some relate 
to the inhabitants of the buildings. 

Furthermore, the idea is that the space will be energy produc-
ing, by implementing solar cells on the south facade and on east 
and west where possible. The space will have a green character 
with trees and plants. Areas for stay might also be implemented.

The formation of the buildings have been tested in different 
ways; whether or not all the buildings should hold the same 
dimensions. The buildings should have the same character, 
all equally important, and since the buildings already vary in 
heights the dimensions of the outer walls should be the same. 
The apartment plan can still vary inside the defined outer di-
mension.  

Solar cells

Bio-diversity

Access

Defined, but not closed

ill. 144 Conceptual section of two buildings and a space connecting them

The initial ideas about the facade expression, is to keep the 
buildings as visually closed as possible, which will be in sharp 
contrast to the open space connecting the buildings. The build-
ings appearing rather closed is considered from a sustainable 
point of view, which appeals to having a well insulated building 
envelope of a compact shape, which reduce the line loss etc. 

CONNECTION BETWEEN BUILDINGS

ill. 145 Formation of buildings

ill. 146 Working models illustrating space in between the buildings
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CONSTRUCTION PRINCIPLES
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Core ----
Free facade: possibilities for well insulated 
external walls free composition, of glazing
Central core, installations and access/emer-
gency exit
Large cantilevered slaps, greater thickness, 
“heavier” expression
Open well lit spaces, floating functions
Core as thermal mass

Columns ----
Open space, entire floor well lit
Free facade, free composition, more glazing, 
utilize solar gain for passive heating
Possibility for well insulated external walls
Defined grid, less flexibility
Less heavy elements, minimized thermal 
mass
Need of shear elements to deal with wind 
loads

Carrying internal walls ----
Thermal mass
Defined spaces
Relatively free facade
Less flexibility
Larger cantilevered slaps
Difficult to get equal amount of day-
light in deep spaces

Carrying external walls ----
Free space, flexibility
Thermal mass
Closed facade, less space for glaz-
ing, less daylight and passive heat

The main purpose of the structural system is to deal with the 
internal loads from people, equipment and the self load of the 
construction together with external loads which in a Danish 
context mainly will be wind and snow. 
Besides dealing with these forces, the structural system will have 
an impact on the spaces in the apartments, and can therefore 
be utilized to define architectural qualities, such as sufficient and 
variated daylight, flexible and defined spaces, variation in room 
height, materials and texture etc.
According to energy design, an important factor is the building’s 
heat accumulating abilities, which relates to the heaviness  of the 
final building, and therefore also the use of building materials. In 

Because the building is to concern both architectural quality, 
and energy efficient solutions, the structural system is to be a 
merge between different principles according to their individual 
strengths. 

The structural system will consist of three elements based upon 
the principles described below.

this relation openness is also an important factor, in order to 
utilize solar gain for passive heating. 
Further more access to the apartments and space for installa-
tions is also parameters which influence on the structural system.

The following small analysis takes their point of departure in 
simple structural principles, with focus on their abilities to meet 
various parameters mainly regarding architectural quality and en-
ergy.  Strengths and weaknesses of the systems are marked as 
pros (+) and cons (-).

+

-

+
-

+

-

+

+

-

+

+

+

-

+
-

+

-

+

-
+

Initial considerations Conclusion

A B C D

ill. 147 Construction principles
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The open facade makes it possible to have a light facade struc-
ture with much insulation, which could be prefabricated in order 
to minimize gaps and increased infiltration, and achieve low U-
values. It is chosen to use steel columns in the facade, because 
they can be relatively slender and therefore hidden in the light 
facade structure.

The carrying walls will be based on a 150 mm reinforced con-
crete wall. However in order to obtain good acoustics and elimi-
nate transferred noise between the apartments, in practice the 
wall will be build up from eg. sandwich elements with a core of 
insulation, which will increase the wall thickness to about 240 
mm.

A core; for access to the apartments, and central in-
stallations, minimizing ducts for ventilation and water. 
A core is further a shear structure, which deals with 
lateral forces from wind loads and can accumulate 
passive gained solar heat depending on material use.

Carrying walls/shear walls; as a heavy structural ele-
ment in eg. concrete mainly to accumulate passive 
heat gained from the sun, but also to carry some of 
the internal building loads. 

Columns; placed in the facade to carry some of the 
building loads, minimizing the thickness of the slaps, 
creating a less heavy expression. The columns should 
further work as structure for a light facade heavily 
insulated to minimize heat loss but open with triple 
glazed facades, to utilize solar gain for passive heating 
and natural daylight. 

150 mm concrete wall 

Steel column HEB 160

ill. 148 Structural principle model

Dimensioning on the structural elements will not be a focal point 
in this project, due to the focus on energy. However it is relevant 
to have an idea of the dimensions of the structure in order to 
illustrate the building realistic, and to define the construction of 
the building envelope etc. To find the worse case scenario, the 
building taken into consideration, will be the highest of the 6 
volumes (up to 10 floors)
In the overall dimensioning “Dimensionering med diagrammer” 
is used, to define dimensions on the columns in the facade and 
the carrying thermal walls.
The following data will be used in the diagrams:

Height, columns: 3300 mm (floor height)
Load area: 6,75 m2 x 10 floors = 67,5 m2 total load area

Height, walls: 3300 mm (floor height)
Load area: 6,75 m2 x 10 floors = 67,5 m2 total load area

Load character, “bolig last” [Dimensionering med diagrammer, 
Ahler, Knud]

The following possibilities is found in the diagrams:

Carrying walls:

180 mm concrete 
150 mm concrete (reinforced)

Columns:

HEB 160, steel
HEM 120, steel

180 x 180 mm concrete (square section) class B30
180 x 240 mm concrete (rectangular section) class B30
Concrete Ø240 class B30

Sum up

iIll. 149 Apartment plan illustrating load areas

6,75m2

6,75m2
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ill. 150 Initial plan solutions

The apartment plans shown beneath show two types of apart-
ments, apartment A and B.  Type C will be defined later, which 
will be a two-storey apartment based on apartment type B. 

The entrance with stairs and elevator is situated towards south.  
This might be discussed if this is the right way to go. This way 
the apartments have a bigger surface area towards north, 
which is in contrast to gaining from the passive heat from the 
sun. On the other hand, better bedrooms are situated towards 
north, where people want the “cool” rooms. Furthermore, the 
surface on the elevator and staircase allow for implementing 
solar cells on a large surface area. 
The principles of the apartments are the same as presented in 
phase 1, except that there is now only a terrace towards south, 
and not towards north as well. There is still a possibility of hav-
ing an extra balcony either to the west or east.  
Working with only two apartments on each floor in the build-
ings give the optimal daylight conditions. The apartments can 
be lit from both north and south, which is a quality in the liv-
ing- and dining room. Type B will have light from either east and 
west as well, where type A will have light into the bedrooms 
from two sides as well. 

SMALL 2ND PHASE -  APARTMENT PLANS

A daylight analysis of type A has been performed in Ecotect. 
Type A is chosen because the living room only has light com-
ing in from north and south, compared to type B. The daylight 
factor and conditions are good, both in living room and as well 
in the bedrooms. Rooms and bedrooms do not need to be as 
well lit as the living- and dining room, and the results are con-
sidered to be very well. 

Apartment type A is of circa 120 m2 including the terrace of 20 
m2, and type B is of circa 80 m2. Working with different apart-
ment types help create the diversity among the inhabitants. 

The large apartments have extra rooms, and an extra bath-
room, which corresponds to the demands from the Bolig+ 
Program. 
Some of the apartments, and mainly the largest apartments, will 
have a degree of flexibility in the apartments, by implementing 
flexible walls in some of the rooms. This allows for a different 
use of a room. 
Furthermore, fixed or integrated closets etc. will not be found 
in the apartments, since this does not correspond with the idea 

of a flexible apartment solution.  

The structural system of the apartments and the buildings have 
been explained in the previous chapter. The apartment plans 
consist of a bearing core; the elevator and stairs, along with the 
entrance and bathroom in the middle. 

Besides that, it is the intention to have bearing inner walls, due 
to having outer walls of non-bearing dimensions. The insulation 
values in the outer walls are around 400-500 mm, and so to 
ensure that the walls do not get even thicker, the outer walls 
should be of a light construction.
At the same time, the bearing inner walls should be situated in 
a way that allows for flexible use in the future. 

The inner bearing walls along with the core will consist of ther-
mal mass material, to store heat from the passive heat accumu-
lated in the daytime. 
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ill. 151 Daylight factor calculation of apartment 2nd phase
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REFERENCE UNIT:
Apartment 100 m2

DIMENSIONS;
10*10*3.8 m

U-VALUES:
-Construction towards open 0.1 W/m2K
-Windows: 0.7 W/m2K

The 24-hour average spreadsheet have been used to get an 
initial idea of the temperatures inside an apartment. The tem-
peratures and thermal comfort in general will be verified using 
BSim. 
The 24-hour calculation is based on the living room in apart-
ment type B, because this room in this apartment is assumed to 
be the worst case. This apartment has a larger area of window 
openings than apartment type A, due to having windows both 
situated towards the south and either east or west. The living 
room in type A does not have this possibility. 

The temperatures are calculated in July, where the outside tem-
peratures in Denmark are highest. 
Regarding comfort, the temperatures inside an apartment 
should be between 20-24/25 C. People perceive temperatures 
and air quality in different ways, and to cope with these individ-
ual differences the environmental quality can be expressed by 
the percentage of persons who find an environmental param-
eter unacceptable. According to the Danish Standard CR1752, 
the chosen category B allows a percentage of dissatisfied of 
20%. See appendix.  
Our perception of comfort also vary during the different sea-
sons of the year, due to the outside temperatures. In the winter 
time, people wear warm clothes inside and want warm tem-
peratures. In the summer time, people do not want it to be 
too hot inside the apartment, but people wear less clothes, and 
when its warm outside it is accepted that the temperatures 
inside the apartments are sometimes high.

INDOOR TEMPERATURES

The 24 hour spreadsheet can be found on the CD.

A selection of the values put into the spreadsheet are:
- Constructions towards the open, area and U-values
- Windows; area, U-value, Orientation, g-value, shading device, 
shadows, part of glass
- Constructions towards surrounding rooms
- Ventilation and infiltration
- Internal heat loads; from people, equipment and lighting.
-Buildings ability to accumulate heat

Values, which specially affect the temperatures;

- Window area
- U-values of windows and constructions
- G-values of windows
- The buildings ability to accumulate heat 
- Shading device; the biggest effect is achieved by having exter-
nal shading devices instead of e.g lamella inside the apartment. 
The difference appear, because with internal shading device the 
heat is already inside the apartment, as opposite to the other 
choice.

24 hour average temperature ti 24.1

Temperature Variation Delta ti 3.6

Max. Temperature ti max 25.9

The results from the first table are based on natural ventilation 
principles, which is the one we should be looking at. Natural 
ventilation will be used during the summer months, and even 
though the temperature outside is high, the indoor tempera-
ture should stay at an acceptable level.

Considering that it is July and people allow a higher tempera-
ture inside because it is warm outside, the temperatures are 
considered okay. Also considering the 20% allowed of dissatis-
fied.

The thermal comfort will be verified later, using BSim.

24 hour average temperature ti 24.1

Temperature Variation Delta ti 1.7

Max. Temperature ti max 25

24 hour average temperature ti 22.5

Temperature Variation Delta ti 1.7

Max. Temperature ti max 23.3

If the ventilation air has the same temperatures as the outside air

If the ventilation air has a constant temperature which equals the 24 hour average 
temperature of the outside air

If the ventilation air has a constant temperature of 19 C

WINDOWS:
Towards south and east

Results from spreadsheet:

ill. 153 24 hour average results

ill. 152 Reference unit
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CONCEPT - 2ND PHASE

ill. 155 Overall Concept
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The overall steps forming the concept can be 
seen in the diagrams to the left, and a sum up 
of the main concept can be seen to the right.

1. Orthogonal grid
The building site follows the orthogonal grid, 
which is a consisting feature of the entire area 
“Mellem Broerne”. This way the new building 
will follow the main guidelines of the area.

2. Placement of buildings within the grid
The buildings are split into 6 buildings, situated 2 
and 2 together, according to the grid.

3. Spaces in between
The buildings are connected by spaces in be-
tween, which give the overall impression of the 
buildings to consist of now 3 buildings instead 
of 6.

4. Macroclimate
The buildings have been situated in the optimal 
way according to the macro climate on the site; 
the sun and the wind conditions.
Note that the highest building is situated away 
from the harbor front. 

5. Paths and connections
Paths and connections through the site on 
street level. The connections will create a natu-
ral flow through the area, connecting to the ex-
isting paths in the area.

6. Program upon base
The base is lifted off the street level, and the 
paths upon the base can be seen as an organic 
flow through the area. Holes have been cut into 
the base, to create connections to the street 
level and as well to bring light to the lower floor.

7. The base and the roof tops of the buildings 
have been programmed for different use. The 
lowest buildings towards the harbor have street 
basket on the top of the roof. 

1. 2. 3.

4. 5. 6.

7.
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ill. 154 Concept 2nd phase
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ill. 155 Overall Concept

Public functions

Organic landscape forming base

Holes cut into base bring light to the street level under the base

Buildings upon base

ill. 156 Working models showing the work of the base and the functions

ill. 157-159 Inspiration photos, from top New York Highline, Laban 
Dance Center London, Yokohama Terminal, Japan

Furniture becoming part of the landscape

Organic green landscape

Organic landscape, wood and green



The synthesis phase is illustrated differently compared to the 
presentation- and sketching phase. The small phase will be the 
first presented, afterwards medium and finally large phases. In 
this phase this way of presenting the phases seems like the 
more obvious reading direction. 
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24 hour average temperature ti 24.1 °C

Temperature Variation Delta ti 3.7 °C

Max. Temperature ti max 25.9 °C

If the ventilation air has the same temperatures as the outside air

Window sizes and their orientation and placement in the fa-
cade is tested in the synthesis phase in relation to using the 24 
hour spreadsheet to check for overheating in July, and held to-
gether with the daylight factor in Ecotect, the energy consump-
tion in Be06, and finally a verifying calculation in BSim. 
The architectural quality will also be verified during a range 
of tests of the window sizes and divisions of frames etc. The 
results from BSim shows that a shading device is necessary, and 
the perception of light and the shadows cast from these into an 
apartment has also been tested.

Three different calculations with different values are tested in 
each program / spreadsheet, in order to have enough informa-
tion to conclude from.

24 hour average temperature ti 24.1 °C

Temperature Variation Delta ti 3.8 °C

Max. Temperature ti max 26.0 °C

If the ventilation air has the same temperatures as the outside air

24 hour average temperature ti 24.3 °C

Temperature Variation Delta ti 3.9 °C

Max. Temperature ti max 26.2 °C

If the ventilation air has the same temperatures as the outside air

Window sizes:
- South 10 m2

- North 3 m2

- East 4 m2

24 hour average

The calculations in 24-hour average are based on the same 
values as used in the previous model (page 89).
The calculations are based on apartment type B which has 
three sides to the open from the living room. The only values 
that changes according to the previous 24-hour, are the win-
dow sizes. The results do not vary much.

Window sizes:
- South 12 m2

- North 5 m2

- East 4 m2

Window sizes:
- South 12 m2

- North 5 m2

- East 8 m2

Be06

The window sizes are testet in Be06 as well, to see what dif-
ference the window sizes make. Note that the Be06 model is 
of a building and not just an apartment, as the 24 hour, and 
BSim. is. But adjusting the window sizes in Be06 according to 
the same dimensions as 24 hours, show small differences in the 
total energy demand. 
As expected, the results show that the energy demand increas-
es as especially the window sizes towards north and east/west 
changes. 
The Be06 calculations are based on the previous values used 
in Be06.

30.3 kWh/m2

31 kWh/m2

31.4 kWh/m2

24-hour average:

Ecotect

The Ecotect results are based on final floor plans, and focus on 
the living room in apartment type A and B. Type A is actually 
the worst case, because type B has window openings to three 
sides. Therefore the results focus on south and north. 
First example is based on window sizes of 10 m2 to the south 
and 3 m2 towards north. Second example is based on 12 m2 
towards south and 5 m2 towards north. The last example is 
based on 10 m2 south and 3 m2 north, as the first one, but with 
a room height of 2.7 meter. The first two examples are made 
with room heights of 3.0 m. 
The change of room height does not affect the light conditions 
in Ecotect, but it is still considered a quality to have a high room 
height in the apartments. The 3.0 m is though only in the living 
areas. The rooms have heights of 2.7 m.

10 m2 south, 3 m2 north, 3.0 m room height

12 m2  south, 5 m2 north, 3.0 m room height

Type A Type B
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Be06 results:

ill. 160 24-hour average results

ill. 161 Ecotect Daylight analysis
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10 m2 south, 3 m2 north, 2.7 m room height

Ecotect of entire apartment types;  A + B
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Architectural quality / perception of light

A 3d render of the room helps decide how large the window  
area to the south should be. The window distribution in the liv-
ing room is tested regarding to frames, the dimension and the 
distribution of frames, and the window heights.

The 1st example shows the living room with windows in a 
height of 2.7 m in the room of 3.0 m. The frames diving the 
windows are thin.
The 2nd example have larger frames but still the same height.
The 3rd example use the entire room height for windows, with 
a natural division of the top of the door framing. This allows for 
most daylight, and is acceptable according to 24 hour average.

Ecotect

The last illustration from Ecotect shows two apartment plans, 
type A + B, where all rooms have been performed with day-
light analysis. The daylight factor is considered to be good in 
each of the rooms as well, but particularly in the living room. 
Even though the bedrooms are not fully lit in the back of the 
rooms, these values are still considered good, because these 
rooms have other functions than the main living room, and will 
primarily be used for sleeping, or a closet is likely to be placed 
in the back of a room. 

ill. 162 Window sizes 1

ill. 162 Window sizes 2

ill. 163 Window sizes 3The next steps of this process is to verify the indoor climate 
using BSim analysis, which is found on the next pages. 
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BSIM ANALYSIS

The model is based on the apartment located south west 
in the highest building on the 8th floor. The apartment is a 
model B, where the main living area has facades towards 
north, south and east which will increase the risk of over-
heating due to the great exposition to the sun. Therefore 
the focus will be on the living area, where the inhabitants 
often will be during the day.  This room is defined as the 
main thermal zone. (see ill.)
The other rooms in the apartment, is not detailed but 
defined as a single room set to a 21C0 without any tem-
perature change over the day. The entire model is raised 
to 16m to simulate the actual location of the apartment, 
as well as being rotated around 30 dg. Further the balcony 
from the apartment above is also a part of the model, 
because it will create some shading for the sun especially 
in the summertime.  
The floor area in the living room is 75m2 with a total vol-
ume of 247,5m3. 

In the main thermal zone a number of systems is defined, 
concerning internal loads from people, equipment and 
lighting. Besides these loads, systems for natural ventilation 
and infiltration  which all have an influence on the simula-
tion wil also be a part of the calculations.

Initial data-

People load: 3 occupants
Lighting:  total 0,06kW
Equipment: 3,5W/m2 x 75m2 = 0,26kW
Infiltration: 0,15h-1

Venting:  Natural ventilation with night cooling

The Bsim model is used to evaluate the apartment design with 
focus on overheating and air quality. 

Through the 24h spread sheat, the initial glazing area in the 
facade was defined. The glazing was further evaluated through 
ecotect to see if the window areas would provide a sufficient 
daylight quality. With the Bsim model it is possible more pre-
cisely to see if there is any case of overheating through the year, 
where the goal is to keep the temperature below the required 
limit defined in DS 474.

The air quality is defined in Danish Standard CR 1752, and is 
not to exceed 1010ppm in category B, dwellings (see appendix 
B)

The simulation will primarily focus on overheating, which can 
be a problem in the summer period from May to September. In 
this period the mechanical ventilation will be replaced by natu-
ral ventilation and it is therefore relevant to verify that a good 
indoor climate can be achieved through natural ventilation. 

Air quality

Besides simulating overheating, the Bsim calculation also verify 
the air quality based on the CO

2 produced by the occupants 
metabolic rate and the quality of the intake air. 
The air quality can be categorized according to the Danish 
Standard CR1752, which regards the experienced indoor cli-
mate (see appendix B) Category B relates to dwellings and 
defines a maximum CO2 level of 1010ppm in the indoor envi-
ronment (660ppm internal, 350ppm from outdoor).
The initial calculated air change, to achieve the requested air 
quality, was set to 1,8h-1, which is also implemented in the BE06 
calculation. The amount of openings in the facade was then 
defined on the basis of the air change in the natural ventilation 
spreadsheet, which gave results regarding opening sizes. 
The air change rate is further implemented in the Bsim simula-
tion, to see if the CO2 level is exceeded. (see iterations) 

Shading 

As mentioned in the introduction, the simulation will mainly 
be used to se if there is any case of overheating in the chosen 
room. In this regard the limits in DS 474 is to be taken into ac-
count, which defines that there has to be less than 100 hours 
with temperature above 26 0C and only 25 hours above 270C 
in the thermal zone.
However, in the Fall and Winter, the buildings main heat gain 
comes from passive heating through large southern windows, 
so there is an obvious issue in order to prevent overheating in 
the Summer and provide passive heat in the Winter.

The balconies, which are implemented in the building will cre-
ate a natural overhang and shade in the summer, which will be 
simulated as a part of the model geometry. Further systems 
as shading devices can be integrated as a part of the window 
systems in Bsim. 

ill. 164 Bsim model of living room, apartment B
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Units May June July August September Mean/sum Demand

Mean indoor temperature 0C 21,7 23,3 23,7 23,4 21,5 22,72 230C>t>260C

Hours > 260C 3 20 15 20 0 58 <100h

Hours > 270C 0 3 0 5 0 8 <25h

Air change h-1 1,2 1,4 1,6 1,5 1,1 0,9

CO2 level ppm 536,6 523,3 517,6 526,4 537,0 528,18

ill. 165 Key data, final simulation

In the 1. simulation, there is a case of overheating 
above the limits of 260C and 270C defined in DS 474. 
Adjusting the air change is a possibility to bring down 
the temperature, but is more difficult to control 
when it comes to natural ventilation, and it might not 
be enough. The most effective way is to apply solar 
shading devices in front of the exposed room(s).

The Bsim model can simulate different shading coef-
ficient from 1-0,1, where the highest coefficient is an 
expression of a 100% open surface.

In the 2. simulation, the southern windows will have 
applied a shading device with a 0,2 shading coefficient 
(20% open) in front of the window. The shading is 
set to be active when the temperature exceed 240C, 
which relates to active facades. However, in dwellings 
the shading might be controlled manually, according 
to experienced comfort by the occupants.

The shading is now very closed, and has a great im-
pact on the temperature which now is way below 
the limits from DS 474. The closed shading device will 
also have an impact on the architectural expression, 
and the daylight factor when active. Therefore the 
shading coefficient is regulated to se how open the 
shading device can be without exceeding the limits of 
over temperature.   

The 3. simulation illustrates a shading coefficient of 
0,5 (50% open) in front of the southern windows. 
The limits of overheating are not yet exceeded. 

In the 4. simulation, the shading coefficient is set to 
0,8 (80% open) and now the limits defined in DS 474 
is exceeded. This means that the shading coefficient 
needs to be around 0,5 to stay below the defined 
temperatures. These results defines some design 
criteria, which is to be implemented in the building 
design.   

Hours Limit (hours)

Hours> 260C 345 <100h

Hours> 270C 167 <25h

Air change (h-1) 1,8 0,5

CO2 (ppm) (av.) 701,8 <1010ppm

Hours Limit (hours)

Hours> 260C 11 <100h

Hours> 270C 0 <25h

Air change (h-1) 1,8 0,5

CO2 (ppm) (av.) 711,5 <1010ppm

Hours Limit (hours)

Hours> 260C 59 <100h

Hours> 270C 8 <25h

Air change (h-1) 1,8 0,5

CO2 (ppm) (av.) 708,3 <1010ppm

Hours Limit (hours)

Hours> 260C 192 <100h

Hours> 270C 65 <25h

Air change (h-1) 1,8 0,5

CO2 (ppm) (av.) 704,4 <1010ppm

01

02

03

04

In the final simulation of the apartment, the CO2 level 
is below the maximum 1010ppm, which is based on 
the calculated air change. This verifies that the air 
change rate defined through natural ventilation is 
realistic. 

Conclusion

By implementing shading systems in the building, it is possible 
to bring down the temperature in the summer months, and 
avoid exceeding the limits defined in DS 474. The different 
iterations illustrates how different shading coefficients have 
a direct impact on the temperature. This knowledge can be 
used to design an effective shading system, which is also in-
tegrated in the building design. 

The air quality has been initially defined through the CR 
1752, where the maximum level of CO2 must not exceed 
1010ppm, according to category B quality, which is not the 
case in any of the iterations. 
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APARTMENT PLANS

The final plan solutions are shown here in a formation of 2 and 
2 with the entrance way connecting the two volumes.
The apartments are build up around a core, containing second-
ary staircase, entrance, bathrooms and ventilation shafts. The 
core is build up of bearing reinforced concrete walls. 
Internal bearing walls are needed due to having a light con-
struction of the exterior walls allowing for high insulation val-
ues. This still leaves a possibility of working with flexibility in 
the rest of the rooms in the apartments. In the largest apart-
ments (type A+C), the apartment have a room with already 
integrated flexible walls connected to one room. This room 
can be used as a closed room as bedroom or office, or as an 
extension to the living room. 
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The bearing walls are of concrete and can be used as thermal 
mass material to store passive heat from the sun. This accumu-
lated heat can be released during the night time in the apart-
ments. 
The materials in the apartments are primarily white materi-
als; white concrete on bearing walls and white plaster board 
on non-bearing walls and ceiling. Light surfaces reflect the light 
into the apartments, and make the apartments appear bigger, 
compared to dark colors in rooms.
The floor is of wood, ash or oak, and the wooden floor contin-
ues onto the terraces to create an extension of the apartments 
onto the terraces. Wood is a soft material, and according to the 
acoustics parameters, it is optimal to have a mix of hard (con-

crete), and soft (wood) materials to allow for the best acoustic 
conditions. 

Each apartment is built as a fire cell, as well as the internal 
staircase/access is built as a separate fire cell, to avoid a fire to 
spread in the building. 

The core of the building, the use of the flexible room/apart-
ments, and the division of fire cells can be seen pointed out on 
the plan solutions below. 

Construction, core of the building

Flexible room

Fire cells

ill. 167 Flexible walls, BIG, VM Mountain

ill. 166 Apartment plans
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Annual energy demand 30.2

Contributions to the energy demand

Heating 6.4

Electricity for the building 9.5 * 2.5 

Overheating in rooms 0.0

Chosen electricity demands 0.0

Lighting 0.0

Heating of rooms 0.0

Heating of hot water container 0.0

Heat pump 0.0

Ventilation 9.4

Pumps 0.1

Cooling 0.0

Total energy demand 40.1

Net demands

Space heating 6.4

Hot water 13.4 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.2

Contribution from special sources 0

Solar heat, solar collectors 13.4

Heat pump 0.0

Solar cells 0.0

Key numbers, kWh/m2 year

ill. 168 Be06 final results, without solar cells

The final calculation in Be06 is still based on the 8 storey high 
building block, with two apartments on each floor, with a total 
footprint of the building block of 215 m2. 
These numbers are taken into the Bolig+ toolkit, which is used 
to document energy neutrality. 

Key points, Be06, final phase, synthesis:

Heated floor area: 1.760 m2

District heating is checked as heating supply. (This is not meant 
to be used as a heating supply in the building, even though 
district heating in Aalborg and Nørresundby is very cheap). In 
Be06, values for heating supply other than renewable energy 
sources must be checked.

Transmission loss, through building envelope: 3.8 W/m2

There is no sign of over heating in the building.

Constructions towards the outdoors:
- Roof 220 m2 

- South facade 602 m2 
- North facade 602 m2

-  East facade 287 m2

- West facade 287 m2

- Floor 220 m2

Foundations, line loss: 63.5 m around foundation, 0.13 W/mk 
loss, 912 m around windows, 0.05 W/mk loss. 

Windows: All windows have a g-value of 0.6 
- South: 336 m2, North: 113 m2, East 32 m2, West 28 m2

U-values: Construction elements have U-values of 0.1 W/m2k, 
and windows of 0.8 W/m2k. The U-values of the windows could 
still be less, but since the low energy frame 1 of less than 30.2 
kWh/m2 is achieved it is decided that the U-values are okay. 

Shadows: Shadows from balcony, an overhang of 2 meters, is 
put into the calculations, as well as shadows from other build-
ings. 

Ventilation:
Natural and mechanical ventilations is added to the building. 
The value of the heat recovery system connected to the me-
chanical ventilation system is put to 0.80. This value is lower 
than the last calculation. A higher value of either 0.85 or 0.9 
results in a lower energy demand.  

Internal heat gain: Standard values for persons and appliances 
are put into the calculations. 1.5 W/m2 for persons, 3.5 W/m2 
for appliances. 

The use of hot water in the building is put to 250 l/year/m2

The volume of the hot water container is set to 300 liters. 

The results from Be00, final phase, can be seen below. The re-
sults are without the use of solar cells and heat pumps, but with 
solar collectors for hot water production. (200 m2, integrated 
on roof tops)

MEDIUM - FINAL BE06 + TOOLKIT 
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ED
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Final result: 30.2 kWh/m2
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Net demands

Space heating 6.4

Hot water 13.4 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.2

Contribution from special sources 0

Solar heat, solar collectors 13.4

Heat pump 0.0

Solar cells 0.0

The results when adding the contributions from solar cells and 
heat pumps can be seen in the table below.

1.800 m2 of solar cells, south orientated, in 90 degree inclination 
with a peak power of 0.16 and the effect of the system set to 
0.8 gives an energy production of 41.8 m2.  
A heat pump connected to the building will produce energy 
for both hot water and space heating, a contribution of 6.4 
kWh/m2. 
According to the Be06 calculation we have reached a building 
of both Low Energy class 1 and energy neutrality. 

The toolkit will verify the energy neutrality on the next pages. 

Annual energy demand -76.5

Contributions to the energy demand

Heating 0,1

Electricity for the building 11,1 * 2.5 

Overheating in rooms 0.0

Chosen electricity demands 0.0

Lighting 0.0

Heating of rooms 0.0

Heating of hot water container 0.0

Heat pump 1,6

Ventilation 9.4

Pumps 0.1

Cooling 0.0

Total energy demand 41.8

Net demands

Space heating 6.4

Hot water 13.4 

Cooling 0.0

Heat loss from installations 0.0

Space heating 0.0

Hot water 0.2

Contribution from special sources 0

Solar heat, solar collectors 13.4

Heat pump 6.4

Solar cells 41.8

Key numbers, kWh/m2 year

ill. 169 Be06 results phase 2, with solar cells integrated
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ENERGY NEUTRALITY - TOOLKIT

The Bolig+ Toolkit is an Excel spreadsheet of which the num-
bers found in the Be06 calculations are copied and pasted into 
the toolkit. The excel spreadsheet can be found on the CD. 
After pasting in the values from Be06 the toolkit gives an ex-
act division of the consumed energy and the produced energy, 
month by month. The values are presented in numbers and in 
graphs. The graphs give an easy overview of the numbers in an 
illustrative and easy readable manner. The results of the toolkit 
from the graphs are seen on these pages. 

The total energy neutrality is divided into:
- Consumed heat = 0.15 kWh/m2

- Consumed electricity = 104.49 kWh/m2

- Produced heat = 0.15 kWh/m2

- Produced electricity = 110.62 kWh/m2

These numbers for electricity must be divided by a factor of 
2.5. = 104.49 kWh/m2 / 2.5 = 41.8 kWh/m2

It can be seen that the energy neutrality for electricity and for 
heating is reached by implementing solar cells, solar collectors 
and heat pump. The amount of the different renewable energy 
sources can be found on the previous pages from Be06.  

Evaluation of the toolkit and Be06

It has not been possible to get a comment on the toolkit re-
sults from some of the people working with the Bolig+ or SBI. 
Perhaps the results are right, but the limitations are found in 
the Be06.
Since the Be06 calculation is only based on a section of the en-
tire building, there might be some limitations due to this. When 
adding m2 of solar cells or collectors in an area above the actual 
roof area or surface/facade area, the program stops to calculate 
the effect of solar cells, which is reasonable. Perhaps Be06 is 
better for calculating an entire building, which might also apply 
for the toolkit results, since these numbers are depended on 
each other. 
Previously we had problems with the produced heat to be a 
little lower than the consumed, because it is only possible to 
“add” 200 m2 of solar collectors in Be06, because the area of 
the roof is not bigger than that. We imagine an area of 300 m2 
of solar collectors to cover the energy consumption of all 6 
buildings. This is 50 m2 for each building.

Whether or not the 1.800 m2 of solar cells integrated is the 
right number, it is evaluated to be consistent with the initial cal-
culation of implementing solar cells, depended on orientation 
and effect. The calculations are based on one out of 6 buildings 
(though not all with as many floors), and proves energy neutral-
ity for this size, but the 1.800 m2 of solar cells is meant to cover 
the entire area for Bolig+ dwellings, circa 8.000 m2. 
Compared to the 1.700 kWh per dwelling presented in the 
Bolig+ program, something is not adding up. This number might 
be very low, or the results in Be06 of an annual demand of 41. 
1 kWh/m2 is very high. 
It is not described in the Bolig+ program what the 1.700 kWh 
actually cover. 

ill. Energy consumption (LE1)

kWh/m2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

ill. 170-173 Toolkit results
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ill. Energy balance (electricity, gross energy)

kWh/m2

ill. Energy neutrality (gross energy)

ill. Energy neutrality (gross energy)
kWh/m2

kWh/m2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Ventilation
To ensure a low energy consumption, corresponding to the 
Low Energy Class 1, it is necessary to implement both natural- 
and mechanical ventilation. The mechanical system will work 
both in the summer and winter time, where as the natural 
ventilation is only meant to be used during the summer pe-
riod. Natural ventilation (opening windows) during the winter 
is simply to expensive, but by applying a mechanical ventilation 
system with heat generator, the heat expenses will be kept low 
in the winter period. 
When applying natural ventilation in a large building complex 
it is important to take the wind direction into consideration. At 
the specific Bolig+ site, the strongest winds come from West, 
and it will be obvious to orientate the building towards the 
West/South-West, which will ensure pressure on one side of 
the building, and “sug” on the other side (windward and lee-
ward), which will improve the natural ventilation.
Furthermore, it is important to consider the placement of the 
ventilation channels to keep the length of the pipes at a mini-
mum. 

VENTILATION STRATEGIES

ill. 174 Mechanical ventilation; ventilation shafts and pipes distributed in apartment, plan 

Ventilation channels, Mechanical ventilation
The dimensions of the ventilation pipes has been calculated 
using an initial table from Elsparefonden.dk. This can be found 
in appendix. 
From this table, the maximum air flow is chosen to 3 m/s. By 
calculating the exhaust units of the biggest apartment, it is pos-
sible to have the dimensions of the ventilation channels to the 
apartments. 
The biggest apartment has;
- 1 kitchen = 2 units
- 2 bathrooms with shower and wc = 1.5 x 2 units = 3
A total of 5 units

The numbers of units are found on the list in the table together 
with the maximum air flow set to 3 m/s. From this a dimension 
of the ventilation channels are found to be Ø 250 mm. 

Heat recovery unit

Fresh air intake
Exhaust air outlet

Basement

ill. 175 Mechanical ventilation principle shown in section
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Natural ventilation
When dealing with cross ventilation (thermal buoyancy), as 
the situation is here, the equation W<el.= 5H must be fulfilled. 
Where W is the room depth and H is the height. [PETES 6+7, 
8th semester]

The room depths in the apartments are 10.2 m, and the room 
heights are primarily 2.7 m, but in the living room 3 m high. A 
room height of 2.7 m allows a room depth up to 13.5 m (5 * 
2.7 m). And a room height of 3 m allows up to 15 meters in 
the room depths. 
The reason for having two different room heights is that the 
ventilation shafts are distributed in the middle of the apartment 
(see plan illustration). This allows for higher room heights in the 
rest of the living room and dining area. 
Cross ventilation is exploited in the apartments due to having 
window openings towards both North and South. 
Thermal buoyancy is what happens when cold and warm tem-
peratures meet, and we use this temperature and pressure dif-
ference when using natural ventilation (opening windows).

Thermal buoyancy
A spreadsheet (thermal buoyancy) has been used in order to 
calculate how large the window openings in the apartment 
must be, to allow for natural ventilation.
The calculations are based on a worst case scenario in July, 
where the temperature is high and there is not much wind out-
side.  Furthermore, the calculations are based on an apartment 
on the 1st floor, which is evaluated to be the worst case. The 
spreadsheet can be found on the CD, and seen in the appendix. 

The window openings are calculated from the necessary air 
change rate, which we found from the comfort equation calcu-
lations. (Calculations can be found in appendix). From this we 
had a necessary air change rate of 1.8 h-1 which equals 518.8 
m3/h = 518.8 / 3600 = 0.15 m3/s.

The 0.15 m3/s is the air flow rate, from which we can use to 
define the necessary window opening, using the spreadsheet. 
The window openings are situated in a height of 3.5 m and one 
of 6.5 m. To reach an air flow rate of the 0.15 m3/s the window 
openings must be 0.4 m2 with an effective opening area of 0.28 
m2. These window openings will allow for natural ventilation by 
thermal buoyancy. 

ill. 176 Natural ventilation; single-sided and cross ventilation in apartments, plan
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FACADE INSPIRATION
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Aarhus Arkitekterne

Bordings Friskole, Dorte Mandrup

Performers House, Silkeborg, SHL 

Apartments, Madrid, Foreign Office Architects

Piercy Conner, Kolkata Sym Homes project
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Unité d’habitation, Le Corbusier
Herstedlund Fælleshus, Albertslund, Dorte Mandrup

Cartier Foundation, Paris, Jean Nouvel

Institution for children, Copenhagen, Entasis Architekter

ill. 177-188 Facade inspiration
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From the calculations and results from BSim analysis, it shows 
that it is necessary to integrate an external shading device of 
the buildings, in order not to have overheating in the apart-
ments during the summer months. Different facade solutions 
of shutters integrated have been tested. Furthermore, the cal-
culations of the amount of solar cells- and collectors must also 
be taken into consideration when working on the facades. The 
total amount of solar cells, 1.800 m2 is a lot, and requires a large 
surface area on the facades. There is not enough area to situate 
the solar cells in the spaces between the buildings only, further 
surface area of the buildings must be used as well. 
Since the technology of solar cells is very well developed, it is 
possible to integrate the solar cells almost anywhere wanted. 

When having to integrated external shutters as shading device, 
it is obvious to integrate solar cells in these shutters as well. The 
solar cells can be transparent, and colored, and situated verti-
cal in the facade. To have these options is very favorable when 
working on low energy houses and zero-emission buildings. 

To ensure enough integration of solar cell, the railings of the 
terraces, which is made of glass, can further be integrated with 
solar cells. A statement of the integration of solar cells- and 
collectors will follow. 

The initial ideas for the facade shutters, were a combination of 
shutters and solar cells, in a green color, to work as a signalling 
effect, shading device and energy producer. Possibly in a trans-
parent solar cell. 

The placement of window openings and sizes have also been 
tested in different solutions. 
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ill. 189 Facade
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The concept of keeping the buildings as closed volumes as pos-
sible is still the intention, even though it is not possible because 
of large window openings towards south to ensure gain of pas-
sive heat, and as well openings towards north to have a well 
lit apartment. The interpretation of a closed volume can be 
emphasized in the facade, using perforated shutters. 

The inhabitants can manually control the flexible shutters in the 
facade, to be open or closed, due to allowing sunlight in special-
ly in the winter months, or to shade from the sun in the sum-
mer time. The system might also work intelligently, automatically 
controlled by the temperatures and daylight in the apartments. 
Working with perforated plates in the facades, can express ei-
ther a relatively closed volume or open when wanted. 

In the following, different perforations of a facade principle have 
been tested, including different shapes, and different sizes of 
perforations. The test of perforation include circular perfora-
tion and square/quadratic perforation solutions. The circular is 
not in accordance with the square shape of the building layout, 
and therefore the square typology is chosen. Different sizes 
have been tested, in a grid, of 2, 4, 5, 8 and 10 cm perforations. 
The dimension of a shutter is the entire height, 3.3 m and 80 
cm in width, which is considered largest dimensions in order to 
control manually.  Below is seen how the different sizes respond 
to human scale. 

2 cm grid 4 cm 5 cm 8 cm 10 cm 

4 cm 5 cm 8 cm 10 cm 

ill. 190 Shutters
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The intention is to have solar cells integrated in the shutters  
The illustrations on the last page have a light grey color where 
solar cells are thought integrated.

The shutter material is a perforated steel plate, or a grid, filled 
with solar cells in between the grid. The color of the material 
is white, to express the lightness of the facade, and to create a 
contrast to the organic base/landscape, of which the buildings 
rise from. These are two separate units and must be in contrast 
to each other. Furthermore, the white color relates to a mari-
time environment and to the other buildings in the context. 

The different grid sizes from the previous page are tested due 
to the perception of the light and shadows cast from the per-
forated plates. 

The 2 cm grid is considered too small to allow for the visual 
contact with the surroundings when the shutters are closed. 
As well considered too small for the integration of solar cells. 
This goes for the 4 cm grid as well. 

The grid sizes of 5,- 8,- and 10 cm has been further tested. See 
the illustrations below. The 8 cm grid is chosen. The light and 
shadows cast from the 5 cm grid is considered a bit to distract-
ing, and the raster of the 10 cm grid too big.  
The light filtered by the sun and the shadows cast from the 
grid creates an artistic atmosphere in the apartments and on 
terraces.

ill. 191 Working models of the facade principles. 

ill. 192 Perception of light through shutters and solar shading
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The principle of  the shutters can be seen on the plan to the 
right, the ideas are supported by inspiration photos. 

The facade will be wrapped with the shutters (3.3 m x 0.8 
m) all around the building, to emphasize the closed volumes. 
Different principles relate to the different orientations (north, 
south, east and west). 
To the south and north, the shutter system is the same; two 
shutters can slide together, ensuring a large opening of the fa-
cades to those sides where most light is necessary. The varia-
tion from south and north is that the south facade can open 
up entirely, where as the north facade is more fixed to the 
openings in the walls. 
The facades towards the space connecting the two buildings, 
which will either be east or west, will have no openings in the 
shutters, but still have window openings. These rooms have 
windows towards either south or north that can open, and 
therefore not necessary to open against this space, which is a 
public access space. 
To the open sides, either east or west, a single-hinged opening 
of the shutter is applied. 

The building might never be entirely closed, due to the degree 
of latitude that we are on. 

ill. 193 Shutter principle in plan and inspiration pictures
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INTEGRATION OF SOLAR CELLS
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The final statement of solar cells is calculated to 1.800 m2 to 
ensure energy neutrality of the 6 building blocks, a total of  80 
apartments, with an average size of 120 m2. 

A statement of how many m2 solar cells which can be inte-
grated on the different facades have been made. 

- All railings on the terraces towards south are in use; This 
equals circa 800 m2, but having in mind that the railings are 
not exposed to the sun at all time. The solar cells integrated 
in the railings are transparent.

- The space between the buildings have surface towards 
south, east and west which can be used for integrating solar 
cells. Around 300 m2 can be integrated in a grid in these 
spaces. These solar cells will have the more traditional color 
of solar cells, but still with a degree of transparency. 

The rest of the solar cells are integrated on south, east and 
west facades of the building, in the skin of the perforated 
steel plates/shutters. (700 m2). All solar cells are transparent.

The roof tops could have been integrated with solar cells as 
well, but when having to use the facade anyway, it is chosen 
to keep the facades and the roof tops as two different things. 

The solar collectors will though be integrated on roof tops. 
Solar collectors have not been going through the same de-
velopment as solar cells, and are still of a rather primitive 
stage. The solar collectors are not as flexible as well, they 
need to be integrated on the roof, either in 0 degrees or 45 
degrees inclination. They can not be integrated vertically in 
the facades as solar cells. Therefore the collectors are inte-
grated flat on the roof tops, where they are not visible. 300 
m2 of solar collectors will be distributed of 50 m2 of each 
building block. 

ill. 194 Solar cells
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The facade work with three layers:
- A perforated steel grid, white, open
- Solid steel plates, white, closed
- Transparent solar cells

ill. 195 Solar cells and facade

Transparent PV’s

Perforated steel
Principle in facade komposition
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Type B

Type C, 1st floor 2nd floor

SPACE BETWEEN BUILDINGS
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The primary access to the apartments are from the “space in 
between” the two buildings, which contain two staircases and 
an elevator. This access is the more public access road. Further-
more, there is a secondary staircase inside the building enve-
lope. This can be used only by the inhabitants if the building, and 
work as fire escape as well, which is needed when working in 
heights above 22 m. 
Both entrance ways go directly to street level, to have the close 
connection to the car parking on street level.  
The access to the apartments is now via external access roads 
(altangange), which of course cause that inhabitants can walk 
by each others windows. The places where 2-storey apartment 
types are integrated, the roads are reduced, and people cannot 
pass by the apartments on every floor. 

Type A

The character of the space is an open structure defining a 
space, a vertical element in the between the buildings. Besides 
being an access to the apartments, and a connection between 
the buildings, the space will have a green character like a verti-
cal garden improving bio-diversity. Panels with solar cells are 
integrated on the sides to the south, east and west as well. 

ill. 198 Cartier Foundation

ill. 197 Vertical garden
ill. 196 Libeskind, 54-storey garden tower

ill. 199 Green facade
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Functions on the roof tops

Each building block needs to have 50 m2 of solar collectors 
integrated on the roof tops.
Each half of the roof of the building will not be accessible, but 
will be used for solar collectors. The solar collectors need to be 
on the roof due to their technics, and will be implemented on 
the roof tops in a way that ensure that they will not be visible 
from the street.

The rest half of the roof tops can be programmed for different 
use. In principle all the roof tops could be public, by allowing 
the stairs and elevator in the “space in between” to go all the 
way to the roof. But by evaluating the heights of the build-
ings, it has been decided only to use the front building, closest 
to the harbor front for several reasons; the building is only 4 
storeys high and can be well sheltered for the wind and create 
a good outdoor space. As well that this placement is closest 
to the harbor front with the most recreational area and most 
activities. As well that these buildings have been programmed 
for the user group of young people, and might appeal more to 
the young people. 

On the roof top a multi lane for different ball games has been 
integrated, e.g street basket, beach volley, street hockey.
This space will be a transparent, but enclosed space on the roof 
top. Different pictures for inspiration can be seen on this page. 

The rest of the halves of the roof tops will be used as semi-pri-
vate spaces for the inhabitants. A common roof garden where 
they can enjoy the view, and functions such as petanque will be 
integrated in relation to these spaces. 

For each of the spaces created on the roof tops, the facade will 
continue up, but differentiate in the way the structural principle 
go. 

FUNCTIONS ON ROOF

ill. 200 Working model, roof top

ill. Dorte Mandrup, Albertslund, functions on roof top ill. 203 Dorte Mandrup, Albertslund, functions on roof top

ill. 202 Unité d’habitation, Le Corbusier

ill. 201 Functions on roof tops
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The total area is 14.000 m2, which is divided into;
- 3.500 m2 public functions
-10.500 m2 of dwellings/apartments, 120 m2 average, equals 88 
dwellings.

0,5 (Bolig+) / 0,6 (vejregler.dk) parking lot per apartment.
2,3 parking lot per 100 m2 of floor area, relates to service func-
tions.
1,4 parking lot per 100 m2 of floor area, relates to offices.
[vejregler.dk]

Apartments = 53 parking lots
Service, 1.000 m2 = 23 lots
Offices, 2.050 m2 = 29 lots

PARKING
LARGE - PROGRAM

The street level , under the base, is a public space, which allows 
for passing through, and connections via ramps and stairs to 
the upper level (base). The street level contains parking lots for 
both dwellings and public functions. Parking for the public func-
tions are found along the north and east facades, and parking 
for dwellings are primarily inside the frames of the plot area. It is 
possible to double program some of the parking lots; The park-
ing belonging to the offices are mainly in use Monday-Friday in 
the daytime, and is free for use by inhabitants or guests in the 
evenings and weekends. 
Entrance to the parking is found from the east side. 

= 52 parking lots for public functions and 53 for dwellings., and 
a total of 105 parking lots.

As seen on the site plan, the final decision about bringing in 
the water, is decided not to go with that idea. The facades to 
the east and north will mark the sharp edges by their volumes, 
and bringing in the water does not have enough arguments for 
doing it anymore, even though it would be a nice recreational 
element in the area, both for people passing by, creating a con-
nection to the city of Nørresundby, and as well for the dwell-
ings and other functions turning to this side. 
The harbor bath will be situated as proposed by the municipal-
ity plan. 
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ill. 204 Site plan ill. 205 Parking principles
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The street level of the buildings (dwellings) are used for storage 
(5 m2 per dwelling), for mail boxes, bike parking and garbage 
handling. These are market with an orange color in the plan. 

Holes cut into the landscape allows for light to penetrate to the 
street level, and makes it a more comfortable place to be.There 
will be access via stairs to and from street level to the land-
scape level, creating a flow of people in the area. 

FUNCTIONS AT STREET LEVEL PUBLIC FUNCTIONS

The public functions integrated on the plot area is marked with 
a green color on the plan. 
By integrating other functions in the area helps create more life, 
due to different activities during the day. 
The functions and the base will help screen for the wind from 
the west especially. A kinder garden is situated to the west-
ern side towards the open green area, offices and shops along 
north and east, and recreational facilities to the south. 
Other types of dwellings, “kanalhuse” are situated on street lev-
el, working with multi storeys. These dwellings are not further 
defined in the project. 
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ill. 206 Functions at street level ill. 207 Public functions
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LARGE SCALE

SC9400 Solar City Nørresundby” is a proposal for a new apart-
ment complex containing 80 energy neutral apartments, and a 
program mixed with other public functions. The project is based 
on the program from the Bolig+ Competition from 2009. This 
project deals with a larger area than proposed in the program. 
The reason for doing so is considered from an environmental 
and architectural point of view. It seemed more obvious to take 
the entire plot into account, still aiming to integrate 14.000 m2, 
and to create optimal conditions for all apartments, compared 
to the east/west orientated plot from the original plans. 

The project concerns environmental and sustainable design, 
aiming to reach the low energy class 1 (less than 35 kWh/m2 
year) and at the same time being energy neutral by the use of 
renewable energy sources. The energy issue in itself is a chal-
lenge to meet, but as in all architecture also the human aspect 
and the urban context is to be taken into considerations, which 
widen the aspects of the project.

The urban aspect relates to building on an old industrial site, 
in an area already undergoing development with many new 
apartment complexes rising in the near. With this project we 
wanted to gather the threads of the area and try to mark the 
edges of the city by emphasizing the different characters of the 
different orientations around the site.

The municipality plans wish to create a landmark towards the 
harbor, in up to 10 storey, to create a landmark effect. Do-
ing so will surely create such an effect, but will also cast long 
shadows on a great part of the area. Organizing the buildings 
this way creates very good conditions for the apartments in 
the front row due to light and view, but the conditions for the 
apartments in the back will be significant worse due to shaded 
areas. This was the main reason for not to follow the guidelines 
proposed by the municipality plan. We believe that a landmark 
effect or a signaling value can be obtained in different ways, and 
other than building in heights. 

The energy solutions in this project work on several levels. The 
necessary amount of solar cells needed to integrate in the proj-
ect is calculated to around 1.800 m2 to cover energy neutrality 
for the entire 80 apartments. This is quite a lot, and will have 

influence on the design, which have been known from the be-
ginning of the project. 

It is chosen to integrate transparent solar cells in the facades 
of the buildings, where the solar cells integrated on the plates 
of the spaces in between the buildings are chosen as the more 
traditional solar cells, which has the blue/greyish tint. This gives 
a certain character to this space and adds some signaling val-
ue to the buildings. Solar cells and the green character of this 
space will be the visible aspects related to the renewable en-
ergy sources in this project. Solar collectors are integrated on 
the roof tops and are not visible from street level. But when 
strolling around in between the buildings or on the roof tops, 
it is possible to see the integrated solar collectors and as well 
the green roofs. The use of heat pump and energy/heat from 
the fjord are also methods that are not visible in the building 
expression.  

The question of the amount of renewable energy sources need-
ed to integrate to reach an energy neutral building has been a 
bit confusing whether or not to relate to the energy consump-
tion/electricity used, (proposed) in the Bolig+ program. In the 
Bolig+ program the electricity use of each apartment is valued 
to 1.700 kWh per year. What this electricity use actually cover 
is not further described. This number is evaluated and based 
on very low consuming appliances, LED lights controlled by 
automatics etc. So in relation to comparing the results from the 
Be06 calculations to the 1.700 kWh is a bit confusing. We be-
lieve that we have come to a reasonable number of solar cells 
needed to be integrated to reach the energy neutrality. Solar 
cells are definitely the biggest producer of energy, integrated in 
this project. This technology is perhaps one of the best evolved, 
and therefore interesting to integrate in the design, when also 
aiming for architectural qualities in the project. 

The social sustainability is emphasized by developing different 
apartment types for different user groups. The project also fo-
cus on integrating different functions in street level and on base 
level(top), functions which appeals to different user groups 
from young, to families with children and to the elderly. These 
functions can be used in an active way and will help activate 
the area. The functions appeal to both the public and the in-
habitants. The base offers different (activities), integrated sitting 
areas (benches), in an undulating landscape. Places to stay or sit, 

playground, grill etc. Different usage is programmed to the base.
The organic landscape is merging from the open green area 
to the west, reaching street level at the harbor front, allow-
ing people (both public and private) to access the base. The 
base increase in height and forms a curved landscape according 
to the apartments integrated in between. There are different 
openings to the landscape from which people can enter from 
street level. There are openings to the base from the edges of 
the site, and as well from under the base, with stairs connecting 
to the top of the base and to the landscape. 
Furthermore, the street level of the base is programmed with 
different public facilities, offices, shops, recreative facilities, to en-
sure a flow of people in all hours of the day. 

MEDIUM SCALE 

The total area of energy neutral apartments in the project is of 
app. 9.000 m2. This area is divided into 6 freestanding building 
blocks, with two apartments on each floor. We found that this 
way of organizing the apartments within this plot area allowed 
for better view and daylight conditions in the apartments. The 
orientation of the buildings and the internal organization of the 
buildings have been crucial in this project. The first initial or-
ganizations within the area focus on optimization due to the 
sun, wind and view. The buildings are grouped two by two, and 
coherence between these sizes appears, also by the space con-
necting the volumes. Two buildings share the same access, which 
also gives access to the roof facilities. The buildings also work 
in different heights with the lowest buildings situated towards 
the fjord. This creates better view for the buildings in the back. 
The architectural qualities and the environmental aspects in 
the project have been running in an iterative process, each as-
pect equally important. When a solution for the environmental 
aspect appeared, the architectural qualities have always been 
considered at the same time, and balanced. 

To reach a building of low energy class 1, there are certain 
things that are defined from the beginning, such as focusing on 
a compact building shape with reduced line loss, less surface 
area, large window areas to the south, high insulation values in 
external walls etc. These aspects have been taken to account 
from project phase one, trying to turn it into an advantage 
instead of disadvantage, and use it actively in the design of the 
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buildings. E.g. an overhang of the apartments is necessary to 
screen from the sun in the summer months, but the overhang 
cannot be too deep, then it will affect the daylight conditions. 
In this case, applying external shutters is a way of avoiding too 
wide an overhang, and to be able to manually or automatically 
control the shutters in the facade, when wanting more or less 
sun into the apartments. 

The facade of perforated shutters, integrated with solar cells 
(a shading device and energy producing), can be discussed 
whether it should be a part of the intelligent home, controlled 
automatically due to temperatures in the apartment. Eg. on a 
summer day with high temperatures, the shutters will close 
if the temperature in the apartment exceed a certain level. 
At the same time the shutters can be manually controlled by 
the inhabitants. One shutter measures 0.8 x 3.3 m, and is light 
weight, which makes it possible to move around manually. Be-
ing a part of the intelligent home is a possibility, but requires 
electricity use and might not be preferable. 

SMALL SCALE

The apartments developed in the project have very regular 
sizes, which are optimal for use, furnishing and flexible over 
time. The apartments are lit from two or more sides with large 
window areas to both north and south. This results in a very 
good daylight quality in the apartments. This was considered 
when deciding to take the entire area into consideration. Due 
to giving each apartment units the same qualities especially in 
relation to daylight conditions, and as well view towards the 
fjord. 
Each apartment have large semi-private outdoor spaces (ter-
races) connected. The terraces are 2m wide, which allow for 
plenty of use of the terraces. The outdoor spaces are all situ-
ated towards south-west. Not only is this optimal for the out-
door spaces, but as well to gain passive heat from the sun, and 
to gain from thermal mass materials, which accumulate the heat 
from the sun during the daytime and will be released during 
the night. 
The flexibility of the apartments is found in the non bearing 
walls inside the apartments connected to the bedrooms, which 
allows for some change over time. The bearing walls are found 
in the service core. Furthermore, the biggest apartments have 

moveable walls connected between the living room and one 
room. Depending on the user group and the requirements of 
the inhabitants, this room can be an extension to the living 
room, situated towards south, or work as an office or extra 
bedroom, eg. for a familiy of four.
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APPENDIX A - BOLIG+ DOGMER (English translation)

The Bolig+ program presents a strategy containing five main 
rules (dogmer) describing the requirements and wishes for the 
project;

1. Energy neutrality

2. The intelligent and user friendly dwelling

3. Flexibility in use and over time

4. Good and healthy indoor climate

5. Architectural quality and adaptation to the local con-
text

Dogma 1 - Energy neutrality

Low energy consumption can be achieved through work on 
the building’s volume, construction principles and installations 
(solar panels, PV’s etc.) 

In order to be “energy neutral” the building must produce an 
amount of energy (internal) equal to what it consume from 
outer sources (external).
The surplus energy, produced in the building or on the site, 
must have a quality equal to the energy used from external 
sources. (In case excess energy is to be send back to the power 
grid)

The building must as a minimum fulfill the requirements in the 
Danish standard of low energy class 1, calculated on the basis of 
BE06 together with the Bolig+” tool kit”. The amount of inter-
nal produced energy is not to be taken into considerations in 
this calculation. (Source: BR 2008 – Danish building regulation, 
in order to fulfill the requirements of energy class 1, sustainable 
energy solutions is only to be used in the production of hot 
water) 

The Bolig+ “toolkit” contains a number of requirements, guide-
lines and inputs for the documentation of the buildings perfor-
mance. The output of the BE06 and the Bolig+ “toolkit” is an 
energy balance that monthly tells about; total energy consump-
tion, energy production, use of external energy and produced 
energy that are send back to the power grid.

Heating and ventilation systems are to be described with text 
and diagrams as well as how the systems work together. In-
novative and well documented solutions are significant factors.

Each apartment unit will have an estimate use of 1.700kWh pr. 
year which is to be included as a factor in the BE06. 

Heating- and ventilation strategies and other systems are to be 
simple and robust. If more complicated and untested systems 
and technologies are used, their performances are evaluated 
in order to see whether the use of these systems is realistic 
or not.  

Dogma 2 - The intelligent and user friendly dwelling

To help improve energy neutrality the living units must have 
intelligent systems which can monitor and regulate the use of 
energy according to the user. The goal is to contribute to low 
energy consumption, increase the value of the apartments and 
create a good indoor climate.
This means that the systems should be able to regulate ex. arti-
ficial light and heating so it is only turned on when it is needed. 
Furthermore the systems are to inform the user about the 
current energy use, in order to positively influence the user to 
save energy by changing habits. 

Besides controlling energy related functions the intelligent sys-
tems could also include entertainment, surveillance and com-
munication. Overall the Bolig+ apartment should be prepared 
to cooperate with future digital solutions through either inter-
nal networks or wireless solutions.

The interaction between the building and the integrated sys-
tems is to be documented, in order to verify the impact on 
the energy neutrality and comfort in the apartments. Also the 
interplay between the different systems is to be described. 

Furthermore the project should come up with a proposal that 
can make the energy use visible for each user, ex. through an in-
teractive interface. The collection of data related to the energy 
use and how it is collected is to be described, as well. However 
the registration of energy use has to be prepared for individual 
registration so it is possible to read; the use of electricity to 
run the building, electricity to the household and the electricity 

production as well as; heat consumption for room heating and 
hot water, together with produces solar heat. 

The collected data is to be uploaded to “Elsparefondens” 
homepage at: www.elsparefonden.dk/min-side/min-bolig

Systems, control strategy and impact on energy use are to be 
evaluated through diagrams and data of the installations. Simple 
and robust systems and control is preferred. At more com-
plicated systems, it is evaluated if the control can function as 
described.

Visibility of energy use and interactive interfaces is evaluated 
according to how data is collected and used as well as how the 
interface is designed and understood. 

The system’s other functions are evaluated according to flex-
ibility and expansion possibilities.

The focus will be on well documented and known solutions. 
The proposed systems have to be as far as possible plug and 
play ready for future expansion.

Dogma 3 - Flexibility in use and over time

The apartment is to be planned as flexible units with multifunc-
tional spaces in order to minimize the use of energy resources 
on reconstruction in the future. 

The goal is to create flexible solutions, together with energy 
neutrality ex. buffer zones. A need of having an individual life-
style together with a design that can adapt to the changing 
needs of the user is also a relevant aspect.

Principles of flexibility through scenarios, plan drawings, con-
struction and installations are required together with a focus on 
easy replaceable building components and installations.

The apartment units should have a small waste of energy re-
sources related to future reconstruction of existing structures 
to new functions. Technical installations can be mounted either 
visible or hidden as long as they can easily be accessed.
 
The internal components of the apartments will have a shorter 
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lifespan than the main house. Usually they will be constructed 
of light and durable materials, as modular elements, which can 
easily be detached and recycled with only a small impact on 
the environment.

If the apartment layout in the future is changed, it has to be 
possible to easily change areas in the energy calculations of the 
unit as well. Furthermore, fire and acoustics has to be recon-
sidered.

The flexible building envelope is a mean to create energy neu-
trality. The envelope should be able to adapt as both an ac-
tive and passive energy producing construction as well as a 
construction which can apply daylight, views and shelter from 
the sun. 
Means to achieve adaption in the building envelope can be 
dynamic facades, windows with shutters, solar shading, double 
facades, vegetation, and heat accumulating elements, change-
able or movable building components. 

Well known and tested systems and construction principles, is 
preferred.

Dogma 4 - Good and healthy indoor climate

The apartments potentials are evaluated as how good they are 
to obtain a good indoor climate. 
Indoor climate regards temperature, air quality, daylight and 
acoustics. 

All calculations according to indoor climate are to be verified 
through BE06.
Indoor temperature is considered satisfying if there is no over-
heating according to BE06. Insulation and air tightness is to 
secure a good thermal indoor climate together with suitable 
installations. 

The air quality is to be evaluated according to sanitary consid-
erations and how people experience air quality. 
Air quality usually depends on the balance between the amount 
of supplied air (fresh air) and the internal contamination from 
building materials, furniture and equipment, cleansers, cooking 
and other human activities.
There is to be used building materials with a low contamination 

factor. Based on experience and knowledge the materials used 
in general have to be good to the indoor climate, and don’t 
affect comfort and health.
Therefore ventilation principles and internal surfaces in the 
apartments are to be described. 

The apartments are to be well lit and have a good daylight 
quality. Besides decreasing the need of artificial lighting the 
natural daylight in general is an influencing parameter on good 
indoor climate. There are focus on how the daylight is distrib-
uted according to space and functions, in order to create a 
good environment and reach energy neutrality. 

The amount of daylight used in the winter season (21st Sep-
tember – 21st March) must in general not be less than 5 per-
cent of the annual number of possible daylight hours in the 
main living space. 

Daylight conditions are to be described through sections and 
the daylight factors are to be calculated on kitchen facilities 
(table height), work spaces (desk height) and living rooms in a 
typical apartment. 

The apartments are to have good acoustics that take noise 
from installations and the buildings’ flexibility into consider-
ations. 
Construction elements are to fulfill the requirements of class 
C, stated in the DS 490 “Lydklassification af boliger” (sound 
specification of dwellings) 

Dogma 5 – Architectural quality and adaption to the 
local context

The relations are evaluated according to form and function, 
architectural quality context and environment.

The Bolig+ building (and the apartments) are to express a re-
lation between form and structure as well as respond to the 
energy requirement in a convincing way.

The building is to connect to its environment (both spiritually 
and practically; to supply lines, infrastructure, etc.) in an archi-
tectural language that last, and still express the time where it 
is build. 
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Category Required ventilation rate 
l/s x olfDissatis-

fied % dp

A 15 1,0 10

B 20 1,4 7

C 30 2,5 4

ill. Table A.5 CR1752, Danish Standard

The Danish Building Regulations do not take comfort into ac-
count, therefore comfort requirements, which depends on the 
pollution from the building and the occupants is calculated us-
ing Danish Standard CR1752. 

According to CR1752 it is the aim to achieve a category B for 
the perceived indoor air quality, which means a dissatisfied of 
20%.

It is very important to have a good indoor environment, from 
which one of the most important ones is the air quality, which 
have high impact on people’s well-being. Also it is one of the 
Bolig+ Dogmas that needs to be fulfilled. 

Perceived air quality

The quality of the indoor environment may be expressed as 
the extent to which human requirements are met. Require-
ments vary, however, for different individuals. Some people are 
rather sensitive to an environmental parameter and are difficult 
to satisfy, whereas others are less sensitive and are easier to sat-
isfy.  To cope with these individual differences the environmen-
tal quality can be expressed by the percentage of persons who 
find an environmental parameter unacceptable. [CR1752, p.4]

The chosen category for dwellings, is category B, which allows 
a dissatisfied percentage of 15. See Table A.5. 

APPENDIX B -INDOOR ENVIRONMENT - AIR QUALITY

The pollution generated by a standard person is called “one olf 
‘. [CR1752, p.22] Perceived air quality may also be expressed 
in decipol (dp), where 1 dp is the air quality in a space with a 
pollution source strength of one olf, ventilated by 10 l/s of clean 
air, i.e. 1 dp = 0,l olf/(l/s). [CR1752,p.22]

Although C02 is a good indicator of pollution caused by sed-
entary human beings, it is often a poor general indicator of the 
perceived air quality.
If sedentary occupants are assumed to be the only source of 
pollution, the CO2 concentration above the outdoor level cor-
responding to the three categories are A: 460 ppm, B: 660 ppm 
and C: 1190 ppm. [CR1752, p.23] See ill. A.8

Perceived air quality may be expressed as the percentage of 
dissatisfied, i.e. persons predicted to perceive the air as being 
unacceptable just after entering a space. [CR1752, p.22]

The required ventilation rate depends on the desired indoor 
air quality, on the indoor air pollution sources, on the outdoor 
air quality and on the ventilation effectiveness. 

Note that the curve shows the perceived air quality (% dissatis-
fied) as a function of the CO2 concentration above outdoors. It 
applies to spaces where sedentary occupants are the exclusive 
pollution source. The concentration of carbon dioxide out-
doors is typically around 700 mg/m3 (350 ppm) [CR1752,p.24]

According to the chosen category B this means that the CO2 
concentration in a room must not exceed 1010 ppm. (660 
ppm + 350 ppm)

The CO2 levels above outdoors is typically 350 ppm. And the 
different categories allow:
A: 460 ppm
B: 660 ppm
C: 1190 ppm

Calculation of the CO2 pollution load in one apartment.

By using spreadsheet “Fortyndingsligningen”, the CO2 pollution 
per person is calculated by:

qCO2 = M x 17 = 1.2 met x 17 = 20,4 l/h

In a familiy of 4 persons the CO2 production is:

20,4 l/h x 4 = 81,6 l/h = 0,0816 m3/h

This level must not exceed the 1010 ppm. 

The reference apartment is 120 m2, with a room height of 2.7 
m. This gives a room volume of 324 m3.

“Fortyndingsligningen”:

C = q/n x V x (1 - e -nt) + (Co - Ci) x e -nt + Ci

Assuming that the conditions are almost the same, the equa-
tion can be written as:

C = q/n x V + Ci

Where C = CO2 concentration of the apartment
q = the calculated (samlede forurenings belastning) in olf
V = the volume of the apartment 
n = air change in h-1 
Ci = the concentration of (forurening i indblæsningsluften).
(Husk kilde).

The minimum requirements of air change rate can be calcu-
lated using the “fortyndingsligningen”.:

C = 0,0816 x 106 / 0,5 h-1 x 324 m2 + 350 ppm = 854 ppm.
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This value stays below the 1010 ppm, and is therefore an ac-
ceptable value.
The air change is set to a standard value of 0,5 h-1(BR08).

The required air change rate for maintaining a low CO2 con-
centration below 1010 ppm can now be calculated using:

n = q / V x (C - Ci)

n = 0,0816 x 106 / 324 m2 x (1010 ppm - 350 ppm) = 0,39 h-1 

If this value, 0,39h-1, is put into the first equation instead of 0,5h-1 
the result is 997 ppm, which shows that 0,39h-1 is the absolute 
minimum of the air change rate an apartment requires to main-
tain a satisfied indoor quality according to CO2 concentration.
But as mentioned earlier the CO2 calculation is often a poor 
general indicator of the perceived air quality. Therefore it is 
necessary to calculate according to sensory pollution using the 
CR1752 standards. 

The sensory pollution load is defined as the pollution source 
having an impact on the perceived air quality.

The required ventilation rate for comfort can be calculated 
from the comfort equation:

Qc = 10 x Gc / (Cci - Cco) x 1/Ev

Where Qc = the required ventilation rate for comfort (l/s)
Gc = Sensory pollution load (olf)
Cci = Desired perceived indoor air quality (dp)
Cco = Perceived outdoor quality at air intake (dp)
Ev = Ventilation effectiveness

[CR1752, p.28]

With an activity level of 1.2 met, one person emits 1 olf 
[CR1752,p.26]. Olf emitted from the building is set to 0,1 olf 
per m2, which corresponds to a low polluting building [CR1752, 
p.27]
Gc, olf load is calculated in one apartment:
1 olf/person x 4 peopel + 0.1 olf/m2 x 120 m2 = 16 olf
This is how much olf (smell) is emitted by people and the build-
ing (furnishing, carpets, ventilations systems etc.) in one apart-
ment.

The desired perceived indoor air quality is 1.4 dp (category B). 
[CR1752,p.23]

The perceived outdoor air quality is set to a mean value of 0,3 
dp, which corresponds to a medium polluted air quality. 0,1 dp 
is good, 0,5 is bad. [CR1752,p.27]

The ventilation effectiveness is put to 0,9

Qc = 10 x 16 olf / (1.4 dp - 0.3 dp) x 1 / 0,9 = 161 l/s
161 l/s x 3,6 = 581,8 m3/h
581,8 m3/h / 324 m3 = 1.8h-1  

An air change rate of 1.8h-1 is the necessary air change to venti-
late an apartment of 324 m3, with an emission of 16 olf.

Reference
CR	  1752	  p.	  14	  tabel	  A.1

CR	  1752	  p.	  26	  tabel	  	  A.6
CR	  1752	  p.	  26	  tabel	  A.6
CR	  1752	  p.	  27	  tabel	  A.8

CR	  1752	  p.	  23	  tabel	  A.5	  
CR	  1752	  p.	  27	  tabel	  A.9

CR	  1752	  p.	  26	  tabel	  	  A.6
CR	  1752	  p.	  26	  tabel	  	  A.6
CR	  1752	  p.	  24	  

CR	  1752	  p.	  28	  A.37

volume	  flow	  (m3/h)/room	  volume	  (m3)
Grundlæggende	  klima	  og	  byggefysik	  p	  29	  1.14

Units
ApplicaLon	  category	  (Mocal	  discomfort) B	  (<20%)
Room	  area m2
Room	  volume m3
Occupants	   No.

Tensory	  polluLon	  per	  occupants	  	   olf
Tensory	  polluLon	  2y	  occupants	  in	  room	  	   olf
Tensory	  polluLon	  2y	  2uilding olf	  (0,1olf/m2)
Votal	  Tensory	  polluLon

Desired	  percieved	  indoor	  air	  quality decipol
Outdoor	  air	  quality	   decipol

'O2	  polluLon	  per	  occupant	  (18l/h) m3/h
Mimit	  of	  'O2	  polluLon	  (550ppm) (ppm)	  m3/m3
Outdoor	  'O2	  concentraLon	  (3+0ppm) (ppm)	  m3/m3

Air	  change l/s
Volume	  flow m3/h
Air	  changeing	  according	  to	  sensory	  polluLon h-‐1
Air	  changeing	  according	  to	  'O2	  polluLon	   h-‐1

Apartment	  A Apartment	  B Apartment	  B

95,00 70,00 40,00
256,50 189,00 68,00
4,00 3,00 2,00

1,00 1,00 1,00
4,00 3,00 2,00
9,50 7,00 4,00
13,50 10,00 6,00

1,40 1,40 1,40
<0,1 <0,1 <0,1

0,08 0,06 0,04
0,00 0,00 0,00
0,00 0,00 0,00

103,85 76,92 46,15
373,85 276,92 166,15

1,46 1,47 2,44
0,45 0,46 0,85
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Kanaldimensioneringsskema 

Dimensioneringsskema
Kanaldimensioner for boligventilation

Maksimale lufthastigheder [m/s]
ø 80 mm 1,5 1,8 2 2,2 2,4 2,5 2,6 2,8 3 3,5 4
ø 100 mm 1,0 36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
ø 125 mm 1,5 54 113 103 98 93 89 87 86 83 80 74 69 1,5 54

2,0 72 130 119 113 108 103 101 99 95 92 85 80 2,0 72
ø160 mm 2,5 90 146 133 126 120 115 113 111 107 103 95 89 2,5 90

3,0 108 160 146 138 132 126 124 121 117 113 104 98 3,0 108
3,5 126 172 157 149 142 136 134 131 126 122 113 106 3,5 126
4,0 144 184 168 160 152 146 143 140 135 130 121 113 4,0 144

ø200 mm 4,5 162 195 178 169 161 155 151 148 143 138 128 120 4,5 162
5,0 180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
5,5 198 216 197 187 178 171 167 164 158 153 141 132 5,5 198
6,0 216 226 206 195 186 178 175 171 165 160 148 138 6,0 216
6,5 234 235 214 203 194 186 182 178 172 166 154 144 6,5 234

ø 250 mm 7,0 252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
7,5 270 252 230 219 208 199 195 192 185 178 165 155 7,5 270
8,0 288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
8,5 306 269 245 233 222 212 208 204 197 190 176 164 8,5 306
9,0 324 276 252 239 228 219 214 210 202 195 181 169 9,0 324
9,5 342 284 259 246 234 224 220 216 208 201 186 174 9,5 342

10,0 360 291 266 252 241 230 226 221 213 206 191 178 10,0 360
10,5 378 299 273 259 247 236 231 227 219 211 195 183 10,5 378
11,0 396 306 279 265 252 242 237 232 224 216 200 187 11,0 396

ø 315 mm 11,5 414 312 285 271 258 247 242 237 229 221 205 191 11,5 414
12,0 432 319 291 276 264 252 247 242 234 226 209 195 12,0 432
12,5 450 326 297 282 269 258 252 247 238 230 213 199 12,5 450
13,0 468 332 303 288 274 263 257 252 243 235 217 203 13,0 468
13,5 486 339 309 293 280 268 262 257 248 239 222 207 13,5 486
14,0 504 345 315 299 285 273 267 262 252 244 226 211 14,0 504
14,5 522 351 320 304 290 277 272 266 257 248 230 215 14,5 522
15,0 540 357 326 309 295 282 276 271 261 252 234 219 15,0 540
15,5 558 363 331 314 300 287 281 276 265 256 237 222 15,5 558
16,0 576 369 336 319 304 291 285 280 270 261 241 226 16,0 576
16,5 594 374 342 324 309 296 290 284 274 265 245 229 16,5 594
17,0 612 380 347 329 314 300 294 289 278 269 249 233 17,0 612
17,5 630 385 352 334 318 305 299 293 282 273 252 236 17,5 630

tekn inst. Nov 2006 EHH

1 wc = 1 bryggers = 1 udsugningsenhed (1 udsugningsenhed= 10 l/s = 36 m3/h)
1 bad evt incl wc = 1,5 udsugningsenhed
1 køkken=2 udsugningsenheder 
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Nødvendige kanaldimensioner. Eks: ved en kanalhastighed 
på 2,5 m/s og 6,5 udsugningsenheder skal bruges dimensionen 
ø182mm der rundes op til ø 200 mm

Arbejdskopi 
marts.2007
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36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
54 113 103 98 93 89 87 86 83 80 74 69 1,5 5454 113 103 98 93 89 87 86 83 80 74 69 1,5 54
36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
54 113 103 98 93 89 87 86 83 80 74 69 1,5 54
72 130 119 113 108 103 101 99 95 92 85 80 2,0 72

2 2,2 2,4 2,5 2,6 2,8 3 3,5 4
36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
54 113 103 98 93 89 87 86 83 80 74 69 1,5 54
72 130 119 113 108 103 101 99 95 92 85 80 2,0 7272 130 119 113 108 103 101 99 95 92 85 80 2,0 72
90 146 133 126 120 115 113 111 107 103 95 89 2,5 90
72 130 119 113 108 103 101 99 95 92 85 80 2,0 72
90 146 133 126 120 115 113 111 107 103 95 89 2,5 90

2 2,2 2,4 2,5 2,6 2,8 3 3,5 4
36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
54 113 103 98 93 89 87 86 83 80 74 69 1,5 54
72 130 119 113 108 103 101 99 95 92 85 80 2,0 72
90 146 133 126 120 115 113 111 107 103 95 89 2,5 90

108 160 146 138 132 126 124 121 117 113 104 98 3,0 108
126 172 157 149 142 136 134 131 126 122 113 106 3,5 126
108 160 146 138 132 126 124 121 117 113 104 98 3,0 108108 160 146 138 132 126 124 121 117 113 104 98 3,0 108

144 184 168 160 152 146 143 140 135 130 121 113 4,0 144
162 195 178 169 161 155 151 148 143 138 128 120 4,5 162

108 160 146 138 132 126 124 121 117 113 104 98 3,0 108
126 172 157 149 142 136 134 131 126 122 113 106 3,5 126
144 184 168 160 152 146 143 140 135 130 121 113 4,0 144
162 195 178 169 161 155 151 148 143 138 128 120 4,5 162
180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
198 216 197 187 178 171 167 164 158 153 141 132 5,5 198
216 226 206 195 186 178 175 171 165 160 148 138 6,0 216

162 195 178 169 161 155 151 148 143 138 128 120 4,5 162
180 206 188 178 170 163 160 156 151 146 135 126 5,0 180180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
198 216 197 187 178 171 167 164 158 153 141 132 5,5 198

2 2,2 2,4 2,5 2,6 2,8 3 3,5 4
36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
54 113 103 98 93 89 87 86 83 80 74 69 1,5 54
72 130 119 113 108 103 101 99 95 92 85 80 2,0 72
90 146 133 126 120 115 113 111 107 103 95 89 2,5 90

108 160 146 138 132 126 124 121 117 113 104 98 3,0 108
126 172 157 149 142 136 134 131 126 122 113 106 3,5 126
144 184 168 160 152 146 143 140 135 130 121 113 4,0 144
162 195 178 169 161 155 151 148 143 138 128 120 4,5 162
180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
198 216 197 187 178 171 167 164 158 153 141 132 5,5 198
216 226 206 195 186 178 175 171 165 160 148 138 6,0 216
234 235 214 203 194 186 182 178 172 166 154 144 6,5 234
252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270

126 172 157 149 142 136 134 131 126 122 113 106 3,5 126

234 235 214 203 194 186 182 178 172 166 154 144 6,5 234
252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270
288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
306 269 245 233 222 212 208 204 197 190 176 164 8,5 306

108 160 146 138 132 126 124 121 117 113 104 98 3,0 108
126 172 157 149 142 136 134 131 126 122 113 106 3,5 126
144 184 168 160 152 146 143 140 135 130 121 113 4,0 144
162 195 178 169 161 155 151 148 143 138 128 120 4,5 162
180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
198 216 197 187 178 171 167 164 158 153 141 132 5,5 198
216 226 206 195 186 178 175 171 165 160 148 138 6,0 216
234 235 214 203 194 186 182 178 172 166 154 144 6,5 234
252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270
288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
306 269 245 233 222 212 208 204 197 190 176 164 8,5 306
324 276 252 239 228 219 214 210 202 195 181 169 9,0 324

180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
198 216 197 187 178 171 167 164 158 153 141 132 5,5 198
216 226 206 195 186 178 175 171 165 160 148 138 6,0 216
234 235 214 203 194 186 182 178 172 166 154 144 6,5 234
252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270
288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
306 269 245 233 222 212 208 204 197 190 176 164 8,5 306
324 276 252 239 228 219 214 210 202 195 181 169 9,0 324324 276 252 239 228 219 214 210 202 195 181 169 9,0 324
342 284 259 246 234 224 220 216 208 201 186 174 9,5 342
360 291 266 252 241 230 226 221 213 206 191 178 10,0 360

2 2,2 2,4 2,5 2,6 2,8 3 3,5 4
36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
54 113 103 98 93 89 87 86 83 80 74 69 1,5 54
72 130 119 113 108 103 101 99 95 92 85 80 2,0 72
90 146 133 126 120 115 113 111 107 103 95 89 2,5 90

108 160 146 138 132 126 124 121 117 113 104 98 3,0 108
126 172 157 149 142 136 134 131 126 122 113 106 3,5 126
144 184 168 160 152 146 143 140 135 130 121 113 4,0 144
162 195 178 169 161 155 151 148 143 138 128 120 4,5 162
180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
198 216 197 187 178 171 167 164 158 153 141 132 5,5 198
216 226 206 195 186 178 175 171 165 160 148 138 6,0 216
234 235 214 203 194 186 182 178 172 166 154 144 6,5 234234 235 214 203 194 186 182 178 172 166 154 144 6,5 234
252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270
288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
306 269 245 233 222 212 208 204 197 190 176 164 8,5 306
324 276 252 239 228 219 214 210 202 195 181 169 9,0 324
342 284 259 246 234 224 220 216 208 201 186 174 9,5 342
360 291 266 252 241 230 226 221 213 206 191 178 10,0 360
342 284 259 246 234 224 220 216 208 201 186 174 9,5 342
360 291 266 252 241 230 226 221 213 206 191 178 10,0 360
378 299 273 259 247 236 231 227 219 211 195 183 10,5 378

252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270

378 299 273 259 247 236 231 227 219 211 195 183 10,5 378
396 306 279 265 252 242 237 232 224 216 200 187 11,0 396

252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270
288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
306 269 245 233 222 212 208 204 197 190 176 164 8,5 306
288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
306 269 245 233 222 212 208 204 197 190 176 164 8,5 306
324 276 252 239 228 219 214 210 202 195 181 169 9,0 324
342 284 259 246 234 224 220 216 208 201 186 174 9,5 342
360 291 266 252 241 230 226 221 213 206 191 178 10,0 360
378 299 273 259 247 236 231 227 219 211 195 183 10,5 378
396 306 279 265 252 242 237 232 224 216 200 187 11,0 396
414 312 285 271 258 247 242 237 229 221 205 191 11,5 414
432 319 291 276 264 252 247 242 234 226 209 195 12,0 432
450 326 297 282 269 258 252 247 238 230 213 199 12,5 450

2 2,2 2,4 2,5 2,6 2,8 3 3,5 4
36 92 84 80 76 73 71 70 67 65 60 56 1,0 36
54 113 103 98 93 89 87 86 83 80 74 69 1,5 54
72 130 119 113 108 103 101 99 95 92 85 80 2,0 72
90 146 133 126 120 115 113 111 107 103 95 89 2,5 90

108 160 146 138 132 126 124 121 117 113 104 98 3,0 108
126 172 157 149 142 136 134 131 126 122 113 106 3,5 126
144 184 168 160 152 146 143 140 135 130 121 113 4,0 144
162 195 178 169 161 155 151 148 143 138 128 120 4,5 162
180 206 188 178 170 163 160 156 151 146 135 126 5,0 180
198 216 197 187 178 171 167 164 158 153 141 132 5,5 198
216 226 206 195 186 178 175 171 165 160 148 138 6,0 216
234 235 214 203 194 186 182 178 172 166 154 144 6,5 234
252 244 223 211 201 193 189 185 178 172 160 149 7,0 252
270 252 230 219 208 199 195 192 185 178 165 155 7,5 270
288 261 238 226 215 206 202 198 191 184 171 160 8,0 288
306 269 245 233 222 212 208 204 197 190 176 164 8,5 306
324 276 252 239 228 219 214 210 202 195 181 169 9,0 324
342 284 259 246 234 224 220 216 208 201 186 174 9,5 342
360 291 266 252 241 230 226 221 213 206 191 178 10,0 360
378 299 273 259 247 236 231 227 219 211 195 183 10,5 378
396 306 279 265 252 242 237 232 224 216 200 187 11,0 396
414 312 285 271 258 247 242 237 229 221 205 191 11,5 414
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Udsugning sker iht BR08 fra fugtige rum. Indblæsning i opholds- og soverum, således at der er 
luftbalance. Hvis der skal udsuges mere end de fugtige rum kræver, sker dette fordelt over det 
øvrige hus, gerne fra evt. forældresoverum.  
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APPENDIX D - VENTILATION



APPENDIX E - WIND ROSES
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