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Abstract
The scope of this master thesis is developing a concept on 
an urban scale that ensures sustainability, both in environ-
mental and social aspects and helps fulfilling the Sustain-
able Development Goals formulated by the UN. Inspiration 
is taken from historical examples such as the garden cities, 
translating the ideas into today’s language, adjusting them 
to today’s needs. Furthermore, possibilities for dealing with 
building stock on site are investigated. The focus of the urban 
design is creating an environment, that promotes sustainable 
development amongst the residents and the community, while 
the proposal for the buildings stock aims to provide an alter-
native solution instead of tearing everything down.
The site is located in Norway, about 60km North of Oslo 
and used to be an old sawmill area. Different typologies are 
chosen in different parts of the plot, according to local prereq-
uisites. As a general concept the idea of self-sufficiency in food 
production is introduced, and mirrored in the form and devel-
opment of the typologies. About 2/3 self-sufficiency in fruit 
and vegetable production can be achieved with this proposal, 
which covers the baseline in our diet. It has to be noted that 
full self-sufficiency is not a realistic goal in Norway, due to the 
limited species that can be grown effectively in Norway. Short 
distances are a key factor in the concept, therefore not only 
should it be possible to access functions like stores, restaurants, 
cafés and working areas within a short walk, also the goods in 
the stores, restaurants and cafés should not travel to far. 
For the existing buildings, a transformation into a mixed-use 
greenhouse is proposed, combining food production with 
public and residential functions. The greenhouse is beneficial 
due to its characteristics in terms of indoor climate, while it can 
be used and designed as an outdoor space. The time where 
outdoor activities, such as for example sitting in a café or 
restaurant, going to the playground with the kids, and skat-
ing in a skate park, can be done in the greenhouse is much 
longer compared to outdoors. The list of possibilities is long 
and can always be adapted to the needs. Furthermore, it has 
a positive effect on the energy and/or insulation demand of 
the buildings inside. 
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Introduction
Sustainability is one of the keywords of this time. It is used in 
different ways, but the message is mostly the same: How do 
we handle climate change? What about social sustainability? 
Architecture can address both aspects and make sure that 
our current lifestyle does not compromise conditions for future 
generations. In 2015 the United Nations (UN) established the 
17 Sustainable Development Goals (SDGs), which aim to re-
duce social and economic inequality, address climate, health 
and education issues, and preserving our planet. Several 
goals apply to the building sector including Goal 7 “Afford-
able and Clean Energy”, Goal 9 “Industry, Innovation and In-
frastructure”, Goal 11 “Sustainable Cities and Communities”, 
and Goal 12 “Responsible Consumption and Production”. [1]
A lot of these goals address issues in third world countries but 
looking back in time a similar situation can be seen in Europe. 
The industrialization brought wealth to some people, and bad 
conditions to other, problems arose like air and water pol-
lution (SDG 6 & 11), and poor living conditions (SDG  11). 
With the shift between the 19th and 20th century, the garden 
city movement aimed to address these issues, first defined by 
Ebenezer Howard in his book “To-morrow” in 1898. [2] His 
goals include reducing the alienation of society form nature, 
integration into environment to ensure sustainable interactions, 
and addressing pollution issues, while combining the bene-
fits from both city and country life to improve the standard of 
living. This was done by allocating satellite settlements on the 
outskirts of a large city, surrounded by farmland and nature 
and connecting them well to main city with public infrastruc-
ture, such as highways, railways and canals. The settlements 
should be organized in a cooperative way, including the 
residents, so it would be affordable, future proof and being 
taken care of over a longer period of time. The neighbor-
hoods were usually designed with relatively small houses and 
large gardens to ensure self-sufficiency and independence to 
a certain degree. Public functions, such as schools, churches, 
town houses, marked squares and stores were located in the 
center, closely accessible for everyone. [3]

Garden city Berlin-Staaken

plified by the strong development of transport systems
from the second half of the 19th century3. At that time,
London faced correlated health, housing and density
challenges. As the Metropolitan Board of Works did not
have the power to implement the construction of new
housing, it was necessary to wait for the responsibilities
of the LCC to be extended in 1893 for the city to begin
taking hold of the situation.

Despite being attracted to the apartment building,
the British middle class still preferred long commutes
between home and work in order to maintain a qual-
ity of life materialized as an individual home and gar-
den, along with a bucolic fondness for the English coun-
tryside. The daily journeys achieved by foot, by bus and
later by tramway, rail or automobile were ultimately lim-
ited only by the evolution of technology and by transport
related costs. During the development of the first train
lines serving the suburbs, Londoners increased their av-
erage daily commuting distance by 15 to 25 km. Around
1900, many would make the journey from downtown
London to smaller cities, up to 50 km away. Little by little,
this way of life is extended to popular classes and facili-
tated by the reduced fees offered by railway companies
in exchange for the inconveniences caused by the con-
struction of train stations and rail networks. These recur-
rent home-to-work commutes are particularly character-
istic of the interactions between economic centres and
their suburban areas, which often serve amainly residen-
tial purpose.

2.2. A Dispersion Strategy for Greater London Inspired
by the Garden Cities Model

It is in this context that politicians take hold of this dis-
persion phenomenon, relying in particular on the Gar-
den City Movement, inspired by the reformist ideals
of Ebenezer Howard and more specifically his book To-
morrow, in which he describes the “Social Cities” prin-
ciple, that can be defined synthetically as a network of
new and interconnected cities (Figure 2). And so, the
LCC adopts a new strategy and commits to the cre-
ation of low-cost houses on the outskirts of London, in-
spired by the urban planning methods and the so-called
“picturesque” urban forms developed by Richard Barry
Parker (1867–1947) and Raymond Unwin (1863–1940),
and implemented in the Hampstead Garden Suburb dis-
trict, from 1907. These two architects are none other
than the town planners of the first English garden city,
the construction of which had started a few years earlier,
in 19034. These urban forms, defined by series of cot-
tages, become more popular, supporting urban sprawl,
which at the time was regarded as beneficial from the
hygienist ideology standpoint and fit London’s demo-
graphic decongestion needs. The LCC, however, had no
influence on the establishment of industries, and the dis-
persion of factories and manufacturing facilities did not

follow the migration of population as quickly as hoped.
Between 1919 and 1939, London saw its population in-
crease by 30% and its surface area multiplied by three
(Sadoux, 2007) and, correspondingly, in 1931 the popu-
lation density of the County of London remained almost
as problematic as in 1901.

The garden cities model serves the evolution of sub-
urbs once again, although this time urban planners of the
interwar period intend to contain urban sprawl and en-
courage the dispersion of industries toward the econom-
ically weaker peripheral regions. After Howard’s death in
1928, his former associates (Raymond Unwin and Fred-
eric J. Osborn, in particular) pursued his work, but let
go of the strategy of voluntary action originally meant
to support a government-led urban planning project at
the regional scale. Inspired by a report co-written by
Raymond Unwin in 1933, the Greater London Regional
Planning Committee set up a large metropolitan “green-
belt” around London. Its main function was to control
the development of suburbs, thus enabling the imple-
mentation of a new urbanization strategy. The latter
takes shape as the Greater London Plan devised by urban
planner and architect Sir Patrick Abercrombie (1879–
1957), applying the greenbelt concept over an area of
more than six miles in width. Beyond this limit, he im-
plemented an alternative urban development strategy,
echoing a tradition of deconcentration, humanist in inspi-
ration, based on the idea of a return to small-scale com-
munities and traditional urban forms (Sadoux, 2007).

Figure 2. Diagramme no. 7: “Social Cities”. Source:
Howard (1898).

3 More specifically the rail network around 1840 and the underground networks from 1900 onward.
4 The two partners apply the urban and architectural principles developed by Unwin for the industrial city of New Earswick, in 1902.

Urban Planning, 2017, Volume 2, Issue 4, Pages 45–60 47

Scheme Garden City [2]
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Urban Design

Sustainable Development

Promote 
How can Urban Design promote 
Sustainable Development in society?

• Raising awareness by immersion (subconscious)
• Pilot projects (actively showing/teaching)
• Changing habits, offer alternatives (public transport, locally 

produced goods,...)
• Involvement of residents (cooperative decision making)

Influence
What influence does Sustainable 
Development have on Urban Design?

• New building volume (demand, potential of reuse/
refurbishment)

• Typologies 
• Materials & construction methods
• Functions 
• Infrastructure

Objective
The scope of this master thesis is developing a concept on 
an urban scale that ensures sustainability, both in environ-
mental and social aspects. Inspiration is taken from historical 
examples such as the garden cities, translating the ideas into 
today’s language, adjusting them to today’s needs. 
Furthermore, possibilities for dealing with building stock on site, 
which served other functions in the past are investigated. Rather 
than tearing everything down and building everything new, a 
concept for reuse is developed, which not only saves emis-
sions, but also provides added value to the neighborhood.
The focus of the urban design is creating an environment, that 
promotes sustainable development amongst the residents and 
the community. Once society is adapted to a more sustain-
able lifestyle, the impact that can be made is much bigger, 
than with outstanding pilot projects alone for example. Urban 
design can help accelerating this adaptation process. How-
ever, it is not a static process, it goes back and forth: Urban 
design can promote sustainable development in society, the 
way people think and act in their everyday life. On the other 
hand, every development in society changes the demands 
and in this particular case, sustainable development will 
change the needs in urban design. 
The objective is to investigate how residential development 
has to adapt, to be able to provide good living conditions, 
not only now, but also in the future.



4

7 min

5 min

30 min

Sagmoen
ca. 2100 residents

Råholt
ca. 13,400 residents

Råholt sentrum (train, shopping)

20 min

9 min

6 min

5 min

15 min45 min

E6 8 min
2 min

6 min

E6

5 min

13 min

7 min

5 min

30 min

Sagmoen
ca. 2100 residents

Råholt
ca. 13,400 residents

Råholt sentrum (train, shopping)

20 min

9 min

6 min

5 min

15 min45 min

E6 8 min
2 min

6 min

E6

5 min

13 min

Location
About 60 km North-East of Oslo, lays the town of Eidsvoll. 
Probably every Norwegian knows this place, since that is 
where the independence was declared. The site for this thesis 
is located at Eidsvoll Verk, which is an old sawmill area, right 
across the street of Eidsvollsbygningen. It takes about 30 min 
by train and 45 min by car to reach Oslo, the airport is even 
closer. A reference can be drawn here to the garden city 
concept, where the central city was in close reach. Interest-
ingly enough, both the city center and the airport can be 
reached faster by train than by car. This makes it very attrac-
tive to use public transportation and with further improvement 
future residents might consider getting rid of their private car, 
thus reducing the number of cars and connected pollution. 
The plot is an old industrial area, which used to be one of 
Norway’s oldest sawmills, where timber production started 
in 1670, until 2019 when it was taken out of operation. [4] It 
is surrounded by beautiful nature, yet very well connected to 
the infrastructure. Public functions, such as bus stops, prima-
ry schools and kindergartens are in close walking distance 
(under 10 min), stores, junior high schools and the train station 
can be reached in 20 min. However, creating a new neigh-
borhood means adding more residents to the area, so it has 
to be expected that more public functions need to be added, 
especially kindergartens, primary schools and local stores, 
but also places for spare time activities, cafés and restaurants. 
Due to the proximity to Eidsvollsbygningen and the history of 
the site, a cultural function could be worth considering, for 
example an exhibition showing the almost 350 years history 
of the sawmill, so visitors that come for a cultural experience 
to Eidsvoll can combine both places.
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Vardø

Bodø

Tromsø

Bergen

Ålesund

Trondheim
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50m

Site
Zooming closer into the site the current situation can be seen. 
The gray buildings are the ones that were in too bad con-
dition in order to reuse them and are mostly already taken 
down. The ones marked in black are in acceptable condition 
where it would be worth thinking about a new purpose.
The plot owned by Moelven measures about 24ha, and this is 
where this project is focused on. However, the neighboring plot 
in the West is considered for further development as well and 
included as a pilot study to propose a more wholesome  con-
cept for the whole area. This adds another 10ha to the project.
Big value comes from the nature in the area. The river, splitting 
the plot in two offers great potential for recreational area 
along its shoreline, for example parks, swimming areas or 
marinas. Together with the forests and the terrain, especially 
in the east, the plot is framed, sheltered from the surroundings, 
which can help building its own identity. The area itself is quite 
flat, so building there is not too challenging.

1

1 2 3

2

3
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Climate
The climate in Eidsvoll Verk is considered cold without dry 
season and with cold summers (Dfc) according to the Köp-
pen-Geiger classification. [5] This means, that the thermal 
energy load is mostly on the heating side and, using the right 
design strategies, overheating should not be an issue. How-
ever, it is expected that, due to climate change the summers 
will get warmer. [5] This is an important factor to consider 
and in the design process it has to be taken into account, that 
overheating might become more relevant. 
Analyzing the wind rose it can be seen that the prevailing 
wind direction is quite consistently in the North-South axis. This 
would allow to optimize the building geometry to allow for 
natural ventilation, to tackle overheating issues.
The maximum solar angle range between 9° in winter and 
32° in summer, and the maximum amount of sun hours per 
day range between five and 18 hours. The hillside in the 
South would cast some shading on minor parts of the plot, 
however the majority is not affected by that. Optimizing the 
design for maximum solar radiation the winter sun could 
probably be neglected, since the angle is so low and the sun 
hours quite short, in favor for the spring and fall sun, which is 
still not very high, but it shines for a longer period and can 
help with passive solar heating. One strategy in that regard 
could be adjusting the building heights and volumes, so they 
shade each other the least amount possible.

Köppen-Geiger climate 
classification scenario present [5]

Yearly wind-rose 

Köppen-Geiger climate 
classification scenario future [5]

Sun-path analysis

Sun-angle analysis
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Case Study
Sustainable neighborhood development is not a new concept 
by any means. In the end of the 1990s the “Vauban” quarter 
in Freiburg (Germany) was developed and is considered to 
be a very successful example for sustainable development. It 
was started by a local initiative of citizens which was against 
the development plans of large real estate companies. Now-
adays the administration and decision making of the quarter is 
organized cooperatively by the residents themselves. [6]
The central design guide is the infrastructure, everything is 
planned around green transportation. A tram line connects 
the neighborhood to the city center where stops are not 
further than 500 m apart from each other, ensuring that they 
are easily accessible for everyone. Furthermore, there is no 
private parking allocated to the houses, which means people 
coming by car have to park on a common parking lot on the 
border of the district. This reduces the traffic inside the residen-
tial area and promotes the use of alternative transportation 
methods, while it is still possible to drive inside the area for 
example if someone has to move or objects have to be de-
livered. Generally, the design is characterized by small scale 
buildings where public functions such as stores, cafés, offices, 
and other businesses are integrated in this pattern. This way 
they are within short distance and not concentrated at one 
spot where people would have to take their car to go there. 
Studies actually show that 70% of the residents does not own 
a private car. [6]
Residential buildings are required to achieve a yearly energy 
consumption for heating of less than 65 kWh/m² although 
a lot of the especially newer buildings perform a lot better, 
some are even plus energy houses. [7] Energy is produced 
locally with PV panels, solar thermal collectors and a com-
bined heat and power generator (CHP). The latter runs on 
wood chips and is connected to a local district heating grid. 
Biogas is produced from organic household waste, which is 
used for cooking in the houses. [6]
Comparing the case study to the site in Eidsvoll, some similar-
ities and differences can be found. First of all they are quite 
similar in size (Vauban: 41ha, Moelven site and neighboring 
plot: 34ha), as well as access to nature is an important factor. 
However, the location of the Vauban quarter is integrated in 
a much more urban environment, in contrast to Eidsvoll Verk, 
which is pretty much on the country side.

97

5. Vauban, Freiburg,  
 Germany

Vauban is a mixed-use neighborhood located 
in the southwest corner of Freiburg, Germany, 

a three-kilometer tram ride from the city center.  
Vauban is no ordinary neighborhood, and in no ordinary city. Although it is 

located at the west edge of the Black Forest, Freiburg is blessed with one of 

Germany’s highest incidences of annual solar radiation. Not surprisingly, it is 

home to Europe’s top independent solar research laboratory (the Fraunhofer 

Institute for Solar Energy Systems ISE) and enjoys enough photovoltaic instal-

lations (including a solar-powered bicycle shed at the main train stations) to be  

REPLACE

, 
DOI 10.5822/978-1-61091- - _ , © 2013 

TH. Fraker he Hidden Potential of Sustainable Neighborhoods: Lessons from Low-Carbon Communities,
409 3 Harrison Fraker5
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branded “solar region Freiburg.” Freiburg has been at 
the forefront of the environmental movement since the 
1970s, and its city council boasts the largest number of 
Green Party members in all of Germany. It is also home 
to architect Rolf Disch’s Heliotrope house, among the 
first anywhere to produce more energy than it uses.

When Freiburg began the process of creating a 
new city district on the site of a former French military 
barracks in 1993, its main goal was to build a mixed-
income neighborhood for approximately 5,000 resi-
dents. What emerged is one of the most unusual and 
enlightened examples of sustainable urban design. 
The story of Vauban is as much about the people and 
process as it is about the successful application of 
technology. As Disch has said, “It is not a question of 
the Technik—we have the Technik, but it is a question 
of the mind. We have the problem [of how] to do it.”1 
The story of Vauban reveals some of those vital how-to  
secrets.

Process and Plan

The City of Freiburg bought the property of a former 
French barracks from the federal authorities and began 
planning a new district of forty-two hectares in 1993 
to accommodate a growing population. As landowner, 
the city was responsible for planning and develop-
ment of the site, but the goal was much more than 
creating a mixed-income, mixed-use housing project 
for 5,000 people and creating 600 jobs. Because the 
site is located at the city’s edge, surrounded by natural 
beauty, there was much local interest in how the land 
would be developed.

Because of this great community interest, the city 
adopted a principle called “learning while planning”2 
and embarked on an experimental and enlightened 
urban design process, intended to engage direct com-
munity participation throughout. In 1994, the city held 
an urban design competition to bring out a range of 
ideas from the community. The results became the 
foundation for the development plan.

Figure 5.1. Aerial view of Vauban, Freiburg, Germany. (Photograph 
by Transurban: Thomas Schroepfer and Christian Werthman, with 
Limin Hee.)

Figure 5.2. View of main park-boulevard in Vauban. (Photograph by 
Transurban: Thomas Schroepfer and Christian Werthman, with Limin 
Hee.)

50m

50m

Plan Vauban [8] Images Vauban [7]

Plan Eidsvoll Verk
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Concept urban design
The plot is characterized by different qualities and challenges 
regarding development in different areas. There is the center 
with large scale existing buildings, which used to be industrial 
buildings housing sawmills, planing machines, drying and 
storage spaces. The location itself offers a lot of unobstruct-
ed area along the river, but borders to the surroundings very 
harshly as it is now. The typology to be designed here has to 
be able to create a transition between the surroundings and 
the industrial buildings, therefore a more compact structure 
is chosen. The block’s edges are softened by breaking up 
the volume with set-back circulation cores, making it appear 
more small scaled, thus making it more friendly to the sur-
roundings. Variations in height allow for more solar radiation 
to come inside the blocks. Furthermore, the block typology 
forms communities with a sheltered space inside. 
The half- island in the South-East is surrounded by the river 
which makes it very private and very close to nature, on the 
other hand, the land is quite thin, so it is hard to find the right ra-
tio of building volume to open space. Therefore, a small scale 
typology is chosen which is suitable for providing affordable 
space in this unique location. The windmill shape increases 
openness and variations in height allow for solar radiation to 
come into the plots, while breaking the rigid structure.
The southern side of the river stands out with its long water-
front. However, as already mentioned in the climate analysis, 
there is a small hill in the South which potentially shades the 
plots, especially during winter. Therefore, a linear typology 
was chosen to not add more shading potential. It also directs 
to the river, enhancing the connection.
For the existing buildings it is proposed to transform then into 
mixes-use greenhouses, where cultivation of fruit and vegeta-
bles, as well as public functions are placed, and residential 
units on a higher level above form this hybrid building.
Short distances are a key factor in this concept, therefore 
not only should it be possible to access functions like stores, 
restaurants, cafés and working areas within a short walk, also 
the goods in the stores, restaurants and cafés should not travel 
to far. Local food production is an important aspect in this 
concept, therefore private and common gardens are pro-
posed where the residents can grow parts of their daily fruit 
and vegetable portions.

Compact 

stand up against la
rge 

scale exist
ing buildings

Dense, but sm
all scale

affordable space for everyone 

Light and open

easy rive
r access
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g/m2/day
required m2

 for daily portion
Beets 30 13.26
Paprika 10 40.45
Cabbage 45 8.82
Carrots 55 7.22
Cucumber 38 10.57
Lettuce 63 6.30
Onion 45 8.84
Potato 30 13.39
Strawberries 8 53.15
Tomato 17 23.94
Zucchini 43 9.28

Average 27 14.66

Being self-sufficient makes independent and enhances a feel-
ing of community and connection between the residents, es-
pecially when food is cultivated on a common area. Both the 
community and self-sufficiency aspect were important parts in 
the garden city concept, while it is still or even more important 
nowadays. Food production grew to a scale where it is an 
industry with a lot of influence. Globalization made it possible 
to eat whatever, whenever. But the question arises: Do we 
have to get our salad from the Netherlands? Cucumbers from 
Spain? Paprika from Israel? Do we need vegetables that are 
harvested half-ripe, wrapped in plastic and shipped through 
Europe? Or is there an alternative that puts tasty food on our 
table, which has a small carbon footprint and is affordable? 
Studies show that growing your own food can reduce its 
carbon footprint by 25-30% [9] while only paying for seeds 
and seedlings. Providing dedicated space for planting in the 
design promotes local production.
The World Health Organization recommends a daily por-
tion of 400g fruit and vegetables for a healthy diet [10], 
which is used as a starting point in this example calculation 
on how much area is required to reach self-sufficiency. This 
also depends on the species, fast growing vegetables like 
carrots or cabbage achieve a higher yield while paprika and 
strawberries need a lot more space to reach similar results 
(see numbers below). [11] The average value of 15m² is used 
to calculate the demand, adding 20% for walking paths and 
inefficient area use. In the greenhouse planting units are used, 
so it is not necessary to account for walking paths. Further-
more, the units can be combined with a CNC based farm 
robot, increasing area and grow time efficiency, therefore 
less area is needed. [12]

Typology “Greenhouse”

Typology “Half-island”

Typology “Riverside”

Typology “Blocks”
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As already mentioned in the concept, different typologies are 
chosen in different areas of the site, according to the local pre-
requisites. However, most of the apartments are in the range of 
35 m² to180m², designed for up to 4 people.
The block structure in the North will provide different types 
of apartments from 70m2 to 120m². The top level flats are 
designed as lofts, making use of two floors, while the ground 
floor has access to a small, private garden. The center of the 
block is dominated by a large common garden, where the 
residents can grow their own vegetables.
Inside the greenhouse the apartment size ranges from 35m2 to 
75m2. Public functions, for example a café, restaurant, exhi-
bition, library, co-working spaces, skate park or playground 
can be allocated there, drawing people from the surroundings 
inside as well. A lot of these functions would benefit from the 
climatic conditions in the greenhouse, so they could be used 
for a longer period of time or simply be more attractive. 
On the half-island to and three story townhouses form a ring 
around a common garden, where food can be cultivated. The  
houses range from 90m2 to 180m2.
Along the river the buildings are quite similar to the ones on 
the island in term of shape and size, residents can live here on 
120m2 to 150m2. Due to the more open typology, there is no 
need for variations in height.

Residential

Bathing

Boat

Park

Park

Park

Camp
site

Marked 
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Common function

Working

Store
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Camp site
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Self sufficiency calculation
Comparing available and required planting area, differenc-
es in the level of self sufficiency can be identified. While the 
majority has more area available than required, the blocks 
are not self sufficient at all. This is due to the compact typol-
ogy where the density of population is higher, compared to 
the other typologies, with a smaller size of gardening area. 
This can be addressed by sharing areas between the different 
parts of the neighborhood. While this more than doubles the 
available area for the block typology it is still not even half of 
the demand. 
The question is what level of self sufficiency is adequate? Is it 
reasonable to aim for full self sufficiency in modern days? In 
Norway? Do people want to eat potatoes, cabbage and 
carrots for most of the days, maybe a paprika or cucumber 
every now and then? While Norwegians are probably more 
used to this kind of diet than other Europeans it would be the 
wrong approach. It is illusive to assume that people would 
refrain from buying sweet potatoes, paprikas or avocados in 
the store. This would render the whole concept failed, land 
that was meant to be cultivated lying idle, which could be 
used for better purposes instead. However, self sufficiency of 
nearly 2/3 can be achieved in this setting, which would cov-
er the baseline: potatoes as a side dish, lettuce for the salad 
and carrots as a healthy snack in between.
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Scheme infrastructure
The new neighborhood is dominated by alternative transpor-
tation methods and private car traffic plays a secondary role. 
This attributes to significant changes expected in the future 
regarding our transportation system. With the development 
of autonomous cars the amount of privately owned cars 
will decrease drastically, so planning for example parking 
garages or private spots would mean a big effort in terms of 
construction and emissions, while they might be in use only for 
a few years, afterwards they are just dead space with little 
reuse potential. 
But this does not mean there is no car access to the houses. 
It is possible to drive to every home, which is necessary for 
large deliveries or if people are moving, just to mention a 
few cases. However, due to speed limitations and the non 
availability of parking spots it is more convenient to abstain 
from using the car in the daily life and walk, go by bike or use 
public transportation. 
The bus, which is currently going along Sagveien is redirected 
through the plot, with bus stops not further than 500m apart 
form each other, which are located close to places with 
public functions and where a lot of people live, such as for 
example between the greenhouses.
A bike and pedestrian axis is introduced to allow for easy 
travel in East-West direction. Implemented as a promenade 
along the river, away from the car traffic it connects the resi-
dential areas to the public areas, as well as the surroundings 
with Eidsvollbygningen in the East, Sagmoen in the South 
and eventually Hurdalssjøen in the West. Bike sharing spots 
are aligned along this axis, where primarily cargo bikes are 
offered, since most of the residents probably already have a 
bike. A cargo bike is a useful alternative to a car for doing the 
weekly grocery shopping, bringing the kids to kindergarten or 
transporting large objects.
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Scheme nature
Visiting the site it became apparent that nature is an important 
factor and has to be dealt with carefully. The river is already 
prominent and very present, but also forest and open green 
areas are important, providing space for recreational activi-
ties. With the new design proposal, this is enhanced by creat-
ing parks around the industrial buildings, where timber pro-
duction, storage and infrastructure used to be, bringing back 
greenery to these heavily used ares. The greenhouses are 
embedded in this green patch complementing the concept, 
thus strengthening the connection to the surrounding nature.
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Visu Greenhouse
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Visu Greenhouse
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Concept greenhouse 

ca. 1580m3 Leca 
porous concrete 
elements

ca. 480m3 to be reused 
in construction of boxes

21st century garden city?

The existing industrial buildings will be dealt with in differ-
ent ways: Some of them will be torn down due to very poor 
condition, but some can be reused, filled with new functions or 
even be transformed into greenhouses. In this thesis, besides the 
urban design, the possibilities of a transformation to a green-
house is investigated, analyzing the benefits and feasibility. This 
is done on the basis of one example building, but the same 
strategies could be applied to the other ones as well.
Generally, the structure of those buildings worth keeping is 
in good condition, but the wall and roof filling in between 
the concrete columns and beams show decades of industri-
al use and would not be suitable for the new functions. The 
fillings are made of Leca porous concrete elements measuring 
17.5cm in thickness, 60cm in height and 5.55m in length (the 
whole distance between the columns/beams). [13]  For the 
pilot building the total volume of elements accounts for ca. 
1580m³. The greenhouse will become a hybrid building be-
tween food production, public and residential functions. The 
latter will take place in boxes, suspended from the concrete 
structure. Assuming that not all of the concrete elements are in 
terrible condition about 30% could be reused in construction 
of those boxes. Adding glass on the outside of the structure 
creates a passively conditioned thermal zone, where not only 
the time of comfortable “outdoor” condition is prolonged, it 
also reduces the energy and/or insulation demand for the 
residential functions. Furthermore, reusing the Leca elements 
would add additional thermal mass inside the greenhouse, 
contributing to a slow and even temperature change, which 
is desired to prevent from overheating in summer and helps 
keeping the temperatures higher in winter.

Ca. 1580m³ Leca 
porous concrete

Ca. 480m³ to be reused 
in construction of boxes

elements
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Transformation process
Transforming an old industrial building into a mixed-use 
greenhouse is far from conventional, therefore the suggested 
process would begin with transforming one building as a 
pilot project, learn from it and apply the gained knowledge 
in the development of the other buildings in the future. Mean-
while the other buildings can be used temporarily for relevant 
functions at the time such as car park or car sharing stations. 
This would be beneficial to bridge the gap until autonomous 
infrastructure is fully developed.
The different scenarios are thought possibilities, but can be 
adjusted to the need at the time.

Parking garage,
car sharing, 
maintenance station

Greenhouse 
pilot project

Greenhouses Greenhouses

Parking, autonomous 
car sharing, 
maintainance station

Kindergarten

Kindergarten Kindergarten

Co-working, 
workshops,
sports hall

Co-working, 
workshops,
sports hall

Co-working, 
workshops,
sports hall

Local, small businesses 
e.g. craftsmen

Local, small 
businesses 
e.g. startup

Local, small 
businesses 
e.g. AI 
prototyping 
lab



20

Greenhouse lower level
As described in the transformation process, the building the 
furthest to the West is chosen as a pilot. It used to be a ware-
house, where the cut and dried lumber pieces were stored, 
waiting to be processed further. The building measures about 
55m by 90m in size and is approximately 15m tall. The hefty 
concrete structure dominates the interior, columns and beams 
are set up in linear grid, with a distance of 5.55m in between.
The location and orientation of the greenhouse is defined by 
the original building, however, the entrances are moved in a 
way that it connects the blocks in the North with the river in the 
South, creating an axis through the center of the building. This 
is where public functions are allocated and stairs and eleva-
tors lead to the upper level. Further to the edges the planting 
units are placed to allow for maximum solar radiation to hit 
them. 

1:500
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Greenhouse upper level
On the upper level the boxes are arranged in a way that they 
shade the lower level the least amount possible, more specif-
ically the areas with planting units. This is shown in the solar 
radiation analysis below, the radiation intensity increases from 
blue to red. The boxes contain different functions: apartments 
for one to four people, a working space or a common kitch-
en. Since the distances between the boxes are quite short, the 
units are located on different heights and oriented in a way 
that it is impossible to see into each others private rooms. 
The layout of the boxes is based on a modular system. The 
underlaying grid is 5.55m in East-West direction, defined by 
the concrete structure from which the boxes are suspended. In 
North-South direction the length is variable, but in most cases 
5.55m is used as well, so the modules can be rotated by 90° 
and used in more flexible ways. 
The base module is the kitchen-bathroom module with all the 
piping and wiring installed. Different modules have different 
“docking sides” where there is no necessary wall and where 
they can be connected to another module. Then there are 
different modules for different bedroom constellations and 
work places.
The modules are prefabricated, so the layout of the boxes 
and the whole upper level can be changed later. Without a 
big effort modules can be added, removed or replaced to fit 
the current demand.
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Transforming the existing buildings into a mixed-use green-
houses has many advantages. First of all it creates a shell 
against the weather, so for the functions and buildings in-
side, no measures against water, wind or snow have to be 
taken. Secondly, the inside of the greenhouse is a climatic 
buffer-space, where the temperature will be generally warm-
er than outside, due to the heating effect of incoming solar 
radiation. Both allow for an area to be designed as an out-
door-space, while extending the period, where the conditions 
are comfortable. 
The technical systems are designed as a network, where 
resources are circulated until there is no use for them any-
more. That way the amount of input and waste that cannot be 
recirculated are kept to a minimum.

Greenhouse strategies

Winter

Spring/Fall

Summer

Food

CHP

Greywater

Fertilizer

Biogas

Heat,
Electricity

Organic waste
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Greenhouse energy
The glass shell creates a passively conditioned climatic zone, 
heated through solar radiation and cooled by natural venti-
lation. Thermal mass, mostly the 1m thick concrete slab, but 
also the boxes, acts as a heat sink flattening out the amplitude 
of the air temperature. For this simulation a U-value for the 
glass of 1.0 W/m²k is assumed and standard values for the 
specific heat capacity of the concrete slab. [14] Only natural 
ventilation is considered as a cooling strategy for the green-
house, due to the high air volume that has to be handled, 
which would be inefficient or not be possible at all using 
mechanical ventilation. For the boxes and technical spaces 
mechanical ventilation would be used, but that is outside the 
scope of this simulation. For peak ventilation load, especially 
during summer it is assumed that up to 50% of the facade and 
roof is openable. To simplify the simulation, the emitted heat 
from the boxes is not considered.
The results show the hourly mean temperature profile of an 
average day for each month. It can be seen that the tem-
perature is higher in the greenhouse than outside, and natural 
ventilation successfully prevents overheating. Running the 
simulation for different climate scenarios, which takes climate 
change into account show, that even then overheating issues 
can be addressed. Furthermore, the greenhouse could proba-
bly be used all year long for planting, as well as recreational 
activities.
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