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Abstract: 
Energy efficient houses benefit communities not only to provide renewable 
energy shares and generating surplus electricity supporting local economic 
development. Also, residents in energy efficient houses have less energy 
usage that reduces household budget expenses. However, one of the 
obstacles of energy efficient technology installment of residential buildings 
is high investment cost, which can be solved with the usage of modular 
housing. In Europe, housing costs have a large share, especially for 
Sweden, housing expenses is a burden mostly for people who are at the 
risk of poverty.  

Also, high investment costs of energy efficient housing are combined with 
high construction prices leading a large share of budgets and effort to 
make houses affordable for low income groups. This study develops a 
scenario to find solutions for affordable housing problem in Sweden with a 
design proposal. The aim of this study is to investigate if there are ways of 
achieving socio-economic mix by the production of energy efficient 
affordable housing and urban gardening to develop a strategy for resource 
efficiency in Jakobsgårdarna.  

To achieve the aim, energy efficient affordable housing designed as 
modular units to achieve a local economic development. This study uses a 
design-based research method consisting of learning from background 
cases to transfer lesson learned in design phase of the sustainable 
neighborhood consisting of energy efficient technologies. Background 
cases were analyzed with literature review to define sustainable 
neighborhood, which was then used to develop a hypothesis.  

Findings of this thesis generates definition of sustainability tools consisting 
of a collaborative ownership; designing common kitchens; producing 
electricity and biogas from renewable energy sources; practicing urban 
agriculture; managing waste and storm and methods to cross subsidize 
energy efficient affordable housing production. The outcome of this 
research provides a sustainable neighborhood design proposal for 
Jacobsgårdarna, Borlänge. 

Keywords: Sustainable neighborhood design, modular units, energy 
efficiency, affordable housing, Borlänge, Sweden 
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Abstract: 
 
 
Energy efficient houses benefit communities not only to provide renewable 
energy shares and generating surplus electricity supporting local economic 
development. Also, residents in energy efficient houses have less energy usage 
that reduces household budget expenses. However, one of the obstacles of 
energy efficient technology installment of residential buildings is high investment 
cost, which can be solved with the usage of modular housing. In Europe, housing 
costs have a large share, especially for Sweden, housing expenses is a burden 
mostly for people who are at the risk of poverty.  
 
Also, high investment costs of energy efficient housing are combined with high 
construction prices leading a large share of budgets and effort to make houses 
affordable for low income groups. This study develops a scenario to find solutions 
for affordable housing problem in Sweden with a design proposal. The aim of this 
study is to investigate if there are ways of achieving socio-economic mix by the 
production of energy efficient affordable housing and urban gardening to develop 
a strategy for resource efficiency in Jakobsgårdarna.  
 
To achieve the aim, energy efficient affordable housing designed as modular 
units to achieve a local economic development. This study uses a design-based 
research method consisting of learning from background cases to transfer lesson 
learned in design phase of the sustainable neighborhood consisting of energy 
efficient technologies. Background cases were analyzed with literature review to 
define sustainable neighborhood, which was then used to develop a hypothesis.  
 
Findings of this thesis generates definition of sustainability tools consisting of a 
collaborative ownership; designing common kitchens; producing electricity and 
biogas from renewable energy sources; practicing urban agriculture; managing 
waste and storm and methods to cross subsidize energy efficient affordable 
housing production. The outcome of this research provides a sustainable 
neighborhood design proposal for Jacobsgårdarna, Borlänge. 
 
 
Keywords: Sustainable neighborhood design, modular units, energy efficiency, 
affordable housing, Borlänge, Sweden 
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1 Introduction 
Sweden has been a strong promoter of sustainable growth since the 1970s. 
The country has been a supporter of different tenure types and energy efficient 
housing as a part of sustainable growth. Sustainable growth principles are 
implemented with designing different tenure types in neighborhoods to solve 
the problem of growing income inequalities in Sweden. Neighborhoods, which 
are developed with different tenure types, included urban agriculture. Since, 
food is necessary for growing population and community produced food 
address communication needs of people in cities, while they are growing 
vegetables. In this study, energy efficient affordable housing production, socio-
economic mix and urban agriculture are used as three main components of 
sustainable neighborhood design. SymbioCity (Ranhagen & Groth, 2012) 
conceptual model is used to develop a scenario for sustainable neighborhood 
design in Jakobsgårdarna in Borlänge.  
 

 
Figure 1: Conceptual map for Jakobsgårdarna neighborhood design. 
 
In this study, affordable housing design is developed for socio-economic mix 
with a sustainable neighborhood design in Sweden, where energy efficiency is 
a requirement. Socio-economic mix with affordable housing production is one of 
the components of sustainable growth as mentioned above, which can be 
achieved by gathering different tenure types in neighborhoods (Reid, 2005; 
Robison, Kearns, Gray, Bond, & Henderson, 2015; Tighe, 2010; Tsenkova, 
2008). There are examples of tenure mixed development projects in various 
cities of Scandinavia according to recent literature, these are such as a tenure 
mix of owner-occupied housing, affordable housing, and cooperative housing in 
Asker, Norway (Nordahl, 2014; Ødegaard, 2015), Copenhagen, Denmark 
(Nielsen & Andersen, 2017) and Gothenburg Sweden (Lind, 2017; Älvstranden, 
2015). In these examples, affordable housing production provided with energy 
efficient technologies that include support from both local public companies and 
private sector. 
 
Energy efficient affordable housing benefits not only household by reducing 
energy bills and reduction in disposable waste (Copiello, 2015; McCabe, 
Pojani, & van Groenou, 2018a). Also, energy efficient affordable housing gives 
opportunity to community to own their renewable energy to achieve local 
economic development (McCabe, Pojani, & van Groenou, 2018b). Energy 
efficient systems target indoor comfort and less damage to environment 
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(Copiello, 2015), even though one of the obstacles of energy efficient 
technology installment for affordable housing is high investment costs (McCabe 
et al., 2018a). Even though beginning costs of investment of technology is an 
obstacle, after payback period of renewable energy technology, owners of the 
technology can sell surplus electricity to national grid. Countries support 
technology by purchasing electricity produced by buildings also giving 
incentives to expand the usage of renewable energy technology. For example, 
Energy agency in Sweden gives incentives to support usage of PV panels. In 
addition to energy agency, leasing models for solar energy and wind energy 
provides alternative funding sources such as an investor private company 
afford starting expenses of a community owned renewable system (McCabe et 
al., 2018a).  
 
Urban agriculture is another component of sustainable neighborhood design, 
which is a topic of this thesis, as mentioned above. Cities in UK and US have 
examples of urban agriculture practices that are not only used to provide food 
to members urban agriculture community owners, but also for social integration. 
Vertical urban gardening (multiple story buildings including urban agriculture on 
each story), glass houses and roof tops are included urban agriculture 
examples. In some cases, such as in UK, urban agriculture is used as an 
entrepreneurship tool for encouraging people to work with startup venture 
capitals to provide jobs is mentioned by Hanleybrown, Kania, and Kramer 
(2012, p. 1). Also, in San Francisco, California, an urban agriculture project that 
consists of 2.5 hectares was developed for training as well as the jobs offered 
to young people are involved with producing food and that the food produced is 
distributed to them (Ferris, Norman, & Sempik, 2001). The project aims to 
integrate youth who are in financial and criminal trouble to community (Ferris, 
Norman, & Sempik, 2001). In Sweden, Haraldsson, Ranhagen, and Sverdrup 
(2001) find that, local food production in ecological villages can reduce energy 
usage up to 20% if urban agriculture is integrated into plan development. In 
addition, cooperative relationships in urban agriculture promotes economic 
development at local scales, when it is operated collectively by volunteers and 
NGOs (Rosol, 2012). This, as mentioned before, urban agriculture is a tool to 
integrate people to community and reduce the income inequalities with local 
economic development. 
 
Income inequality has been increasing in Sweden three of Sweden’s largest 
cities in 2007 (Hansen & Clark, 2017). Income inequality Gini-coefficient was 
3.3 in Sweden in 2007 (Hansen & Clark, 2017) and it increased to 4.2 in 2016 
(OECD, 2018). As long as the rate of income inequality are kept low in a 
country, citizens become happier and healthy (Dorling, 2014). Income 
inequality is an indicator of society that benefit the fair distribution of wealth via 
accessing public facilities (schools, hospitals, affordable housing) and welfare 
subsidies. Income inequality is a large disparity of income (wages, interests on 
savings account, rents, profits from sales etc..) in a society when the number 
high income earners are dominated the number of low-income earners or there 
is a high wage gap between people. One of the results is social exclusion of 
low-income people in the society that leads to health problems.  
 
Social exclusion consists of: “poverty, failure in the job market, poorly 
performing social networks, living in a disadvantaged neighborhood, [and] 
exclusion from services” (Binzer, 2015, p. 12). Social exclusion causes 
problems for people leading to and as a result of ineffective and lack of social 
networks, isolation from city due to location and status of neighborhoods, low 
employment opportunities, which often lead to problems of mental health 
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(Binzer, 2015). Low-income people are integrated in society by providing 
affordable housing in cities. If affordable housing cannot be accessed, income 
inequality problems and social exclusion problems will likely grow (Moore & 
Skaburskis, 2004). 
 
Similar to Sweden, countries in Europe have been developing strategies of 
sustainable growth to cope with social exclusion problems. This is because, 
many countries in Europe have income inequalities connected various reasons, 
one of them is the increasing costs of housing (EUROSTAT, 2018, p. 37). 
Sweden is almost in the middle among the other countries of Europe in 2016 
having population at risk of poverty before and after deducing housing costs, 
shown in figure 1 (EUROSTAT, 2018). Income amounts of people at risk of 
poverty is lower than 50% of the national median equivalized income (OECD, 
2017). People at risk of poverty are lack of employment (EUROSTAT, 2018) 
are often exposed to social exclusion. Social exclusion is not only a result of 
household income; it is also linked to employment, working status, housing and 
other socio-economic factors (EUROSTAT, 2018). Sweden is almost in the 
middle among the other countries of Europe having population at risk of poverty 
before and after deducing housing costs, shown in Figure 2 (EUROSTAT, 
2018).  
 

 
Figure 2: Rate of people at risk of poverty before and after deducing housing 
costs in Europe (EUROSTAT, 2018, p. 37). 
 
1.1 Aim, research question and research design 
The aim of this study is to investigate if there are ways of achieving socio-
economic mix by the production of energy efficient affordable housing using 
urban gardening as a strategy for resource efficiency in Jakobsgårdarna. Two 
objectives are used to achieve this aim. 1) to develop a theoretical strategy for 
mixing people from diverse socioeconomic backgrounds by using urban 
agriculture and energy efficient affordable housing. Swedish practice examples 
from Malmö, Gothenburg and Linköping are used as background cases to learn 
lessons. 2) to transfer lessons learned with theoretical information to the 
Jacobsgårdarna case for project development using design-based research 
method.  
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1.2 Research question 
To achieve this aim with the objectives explained above, the research question 
developed is as follows: 
 
What ways can be developed to achieve a socially mixed neighborhood with 
energy efficient affordable housing in Jakobsgårdarna, Borlänge? 
 
A research by design is an element that is used to transfer the lessons learned 
from case examples to the Jacobsgårdarna district considering two sub-
questions: to what extent can energy efficient houses be affordable to integrate 
low-income communities in development plans? and, what kind of 
environmentally and socially sustainable tools can help a local population 
create a socio-economically mixed community? This research study tries to 
answer these questions by a literature review of energy efficient neighborhood 
development projects from Malmö, Gothenburg and Lindköping, where urban 
agriculture is used as a means of social inclusion. The purpose of literature 
review is to transfer lessons learned to the Jacobsgårdarna neighborhood 
development. The outcome of this research brings a design proposal for 
Jacobsgårdarna neighborhood development.  
 
Johansson (2004b) argues that a possible solution to a problem is implied from 
hypothesis and the hypothesis provides opportunity to be tested by observation 
of the case. The hypothesis of this study is developed from abduction of 
background cases and abduction is used in design phase of this study. 
Jakobsgårdarna neighborhood is used to in design phase to develop an 
appropriate hypothesis to be used for a sustainable neighborhood. This 
hypothesis became the foundation of sustainable development plan for 
Jakobsgårdarna that served as a probe for testing solutions in this design 
experiment environment.  
 
Abduction consists of a creative process to solve a problem (Groat & Wang, 
2013). In this study, background case studies are analyzed considering same 
problem and the working principles to solve the problem in each case are listed 
(Groat & Wang, 2013). Therefore, solutions for the same problem are 
compared and transferred to Borlänge case to solve the sustainability problem 
in Jakobsgårdarna neighborhood.  
 
2 Research design and method 
In this study, SymbioCity Approach is used as a conceptual model for a 
sustainable urban development (Ranhagen & Groth, 2012) that consists of 
energy efficient affordable housing, socio-economic mix and urban agriculture. 
SymbioCity Approach already includes environmental, economic and socio-
cultural factors, shown in Figure 3. In the Figure 3, SymbioCity approach 
provides the connection of efficient usage of resources such as energy, water, 
waste, ecosystem, public space, buildings, urban functions and traffic in 
balance. Hypothesis of this thesis is as follows: 
 
At least four elements of SymbioCity concept, energy, water, waste, buildings 
are needed to design a sustainable neighborhood.  
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Figure 3: Integration of environmental, socio-cultural and economic factors in 
urban form, figure was provided from the report of SKL (2014, p. 54). 
 
In SymbioCity approach, environmental, economic and socio-cultural aspects 
are linked to each other during planning stages of an area, which based on 
human comfort in the center, shown in Figure 4 (SKL, 2014). For example, 
institutional factors such as financial resources such as public finance or public 
private partnerships are related to develop an urban system for example public 
squares. A neighborhood development requires infrastructure provision, which 
may be done by municipality or cooperation with municipality and private 
company. Then the developed urban system, such as public square has 
relationship with environment in terms its damage such as C02 emission, 
meanwhile providing socio-cultural benefits to users in the neighborhood and 
the economic factors such as maintenance of public square are connected to 
health, comfort, safety and life quality of people living in the neighborhood.  
 

 
Figure 4: The relationship between environmental, economic and socio-cultural 
dimensions of sustainability in SymbioCity Approach SKL (2014, p. 54) 
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In SymbioCity, one of the main stakeholders are residents of an area, who 
participate in the planning process to express their needs during a project 
development (Ranhagen & Groth, 2012). Other stakeholders involved in this 
approach include public and private bodies, NGOs and universities who also 
collaborate to develop sustainable solutions. SymbioCity Approach has been 
supported by the Swedish Government in 2008, which endures cooperation of 
various stakeholders and stimulate actions in support of capacity building in 
developing countries around the world (Ranhagen & Groth, 2012).  
 In this study, stake holder participation is achieved by interviews with 5 actors 
who work in university, municipality, municipal housing company, construction 
material provider association and energy agency were done to learn about their 
ideas. Questions asked based on four themes, affordable housing and social 
segregation; energy efficiency and affordable housing; public-private 
partnerships; social issues and local economic development; and urban 
agriculture.  
 
In addition, SymbioCity Approach is used with an observation of the problem by 
fieldwork of this case. The case is Jacobsgårdarna neighborhood in Borlänge, 
conducted before this research project started. The fieldwork was conducted for 
a course study, Energy and Urban Planning, consisting of designing a 
sustainable neighborhood with renewable energy technologies. Findings and 
resources to develop an energy efficient neighborhood, which were initially 
analyzed for the course, are used in this research. The use of SymbioCity 
Approach provides an opportunity to test hypothesis and develop immediate 
alternative solutions for Jacobsgårdarna, Borlänge (Kennedy-Clark, 2015).  
 
This research is designed with the 3 steps, which are the review of principles 
and organization of sustainability, making a diagnosis of the current situation, 
and identification of issues specific to objectives. These three steps are used to 
transfer the lessons learned from the case examples to Jakobsgårdarna, 
Borlänge (SKL, 2014).  
 
The first step is the review of principles and organization of sustainability aim to 
analyze main elements of sustainability in selected background case projects. 
Background cases analyzed pertained to Malmö, Gothenburg, and Linköping 
considering social and technical aspects. These selected topics are, their 
inclusion of urban agriculture, affordable housing and the usage of renewable 
energy technologies. Social and technical aspects are divided into features as 
listed below:  

• Size and population of case project areas 
• Strategies to link areas to city 
• Proximity to city center  
• Employment rates and employment opportunities in the area 
• Ongoing social projects in the area 
• Presence of urban agriculture and other collective practice 
• Starting year of project development 
• Climate zone 
• The number of produced affordable housing or renovated municipal 

housing 
• Installed energy technology (district heating, geothermal heating, district 

+ PV) 
• Maximum yearly heating demand 
• Maximum yearly electricity demand 
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The second step is to analyze the characteristics of Jakobsgådarna to 
diagnose the situation for resource efficiency of renewable energy such as 
solar, wind, biomass in the neighborhood, illustrated in Figure 5. Solar 
irradiance map of recent buildings developed to analyze the solar capacity of 
neighborhood. Then, a possible solution to a problem is developed and 
considered as a hypothesis, which is tested during the design stage by using 
the Symbiocity approach (Johansson, 2004b). This possible solution is 
established by creating a hypothesis, which is combined with SymbioCity 
approach.  
 

 
Figure 5: Energy-efficient technology components are used in Sweden. 
 
Third step is to identify key issues and set objectives to design a 
socioeconomically mixed Jakobsgårdarna neighborhood in Borlänge. To 
implement third step, strategies were developed by design using Archicad 
Software. Also, the selected energy technology was tested with IDA ICE and 
PVsyst softwares for energy efficiency. A proposal for a sustainable 
neighborhood is developed in Jakobsgårdarna, Borlänge city, Sweden that is 
used as a ´test-bed´ case.  
 
2.1 Method of study 
This study uses a design-based research method consisting of learning from 
background cases and implementation of a single case study. Background 
cases were linked to each other by aspects and features by the literature 
review and then were used to develop a “general hypothesis” (Odell, 2001; 
Seawright & Gerring, 2008, p. 166) to be transferred to the Jakobsgårdarna 
neighborhood in Borlänge. As mentioned before, SymbioCity Approach is 
based on the design-based research method that includes a theory and 
practice in order to respond to a sustainability challenge (Kennedy-Clark, 
2015). Design-based research tools and methods are related to practice 
development and juxtaposes design principles with capable technologies to 
solve a problem (Kennedy-Clark, 2015). Design-based research is developed 
with three fundamental stages including context dependent necessity analysis; 
a review of previous research studies; and concept or theory development 
(Kennedy-Clark, 2015). SymbioCity Approach is an enhanced version of 
design-based research method that has five stages, according to the report of 
Swedish Association of Local Governments and Regions (2014). 
 
This in-depth analysis of a single case study of Jakobsgårdarna neighborhood 
serves as a test-bed for possible development of additional sustainable cities. 
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This single case study of Jacobsgårdarna is explored to understand the 
resource efficiency of renewable energy sources to develop a sustainable 
neighborhood by analysis of data (Groat & Wang, 2013). The advantage of 
using single case study is to give opportunity to employ an in-depth analysis of 
sociocultural structure by fieldwork (Groat & Wang, 2013). Also, this single case 
study is used to examine the resource efficiency to adapt renewable energy 
technology to Jacobsgårdarna case through the lens of philosophical position 
(Groat & Wang, 2013). 
 
Flyvbjerg (2006) claims instead of narrowing down the road of research with 
reasoning on a theory for an “academic specialization, connecting a 
philosophical position helps the reader to find out their own road” (p.238). 
Therefore, this study uses abduction as a philosophical position to compare 
background cases. Abduction is based on philosophical approach of 
pragmatism and developed by Charles Sanders Peirce. Abduction can also be 
considered a unique and specific hypothesis (Johansson, 2004b).  
 
Johansson (2004a) argues that, abduction is employed with a comparison of 
two or more cases if they have similar problem to develop solutions to solve it. 
This means that, the cases can be compared to build a strategy to solve the 
problem. In other words, similarities of different cases are compared to 
establish a set of solutions by abduction. Johansson (2004a) adds that, 
abduction is used to create connections between research and practice to 
experiment strategies and new design. Therefore, this abduction process 
occurs in the transfer of the SymbioCity Approach to the Jacobsgårdarna 
neighborhood, as it is in each background case reviewed. 
 
2.2 Case area 
The case area of this study is in Borlänge city, an older industrial city with a 
population of 49 300, which is assumed to increase to 52 200 by 
2022(Kommun, 2011). According to the study of Trumberg and Håkansson 
(2012), Borlänge has a high number of immigration from other cities of Sweden 
as well as other countries. The density of immigrants of foreign background in 
2010 was 19.1% in Borlänge, while the country level was 10.9% of the entire 
Swedish population (Kommun, 2011). These foreign immigrants often have low 
incomes, low levels of education and depend on welfare benefits (Trumberg & 
Håkansson, 2012). The foreign immigrants living in this area have problems 
integrating themselves to society and find affordable housing.  
 
The demographic structure of the city consists of immigrants, university 
students, young professionals and seniors. Borlänge has three neighborhoods 
called Jakobsgårdarna, Tjärna Ängar and Bullermyren where there are high 
rates of unemployment and criminal activity (Trumberg & Håkansson, 2012). 
On the other hand, Dalarna University attracts people for university education 
who leave the city to find better job possibilities in larger cities after degree 
completion (Trumberg & Håkansson, 2012). Jakobsgårdarna neighborhood, 
consisting of a population of 1900 (Kommun, 2011), was selected as case 
study for three reasons. 1) The area has more green space than the average of 
Swedish cities and neighborhoods of Borlänge. The green space has potential 
to facilitate meetings of different income groups. 2) The area includes well-
developed public services such as a large healthcare center and schools to be 
used by different income groups. 3) The neighborhood has high number of 
immigrants with high unemployment rates, which is a problem. Therefore, there 
is potential to develop various strategies to solve this problem. 
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2.2.1 Data collection and analysis 
A triangulation of data is used for testing validity and reliability of the 
information from different sources (Yin, 2013). Data gathered from fieldwork 
study, literature review of municipal documents, housing policies as well as 
semi-structured interviews is matched for validity and reliability. In addition, 
data and findings of an Energy and Urban Planning course research project 
conducted for development of Jacobsgårdarna neighborhood, supervised by 
Csilla V. Gál is used for this research. The data is grouped under four main 
categories, which are a dataset of a) recent housing and socio-economic 
structure; b) resource efficiency of renewable energy resources; c) recycling 
capacity of water; and d) waste.  
 
A help provided by a master student in ESES, who used PVsyst software for 
analyze solar data. Another help was provided by a class mate, Jane Dias who 
provided calculations for design with water part and land use plans for design 
with water as well as design with waste parts due to a group work for Borlänge 
Energy. In addition to this, Samer Quintana provided sun study for shading and 
Youcef Jamal provided IDA ICE analysis for a housing unit, for which housing 
plans were developed; their materials were selected and tested by me to 
design an energy efficient housing for students and single people.  
 
In addition, stakeholders’ views about the area is evaluated by interviews. The 
stakeholders who were interviewed were selected by snowball method with the 
help of one gatekeeper. The gatekeeper, who is the consultant of the 
Jacobsgårdarna plan, gave the names of stakeholders. Semi structured 
interviews took between 45 to 90 minutes, while open-end questions were also 
asked. Interviewer managed the time, while most of the opportunity given to 
interviewee to share his ideas freely and without any opposition given by 
interviewer. Stakeholder names and their institutions for surveying about their 
ideas are listed in the Table 1 below: 
 
Table 1: The name of institutions where people interviewed. 
Institution 
Tunabyggen 
Borlänge municipality 
Borlänge municipality 
ByggDialog Dalarna 
Borlänge Energi 

 
2.2.2 Limitations 
Building renovation projects were not included to this study because the focus 
is the new development projects by renewable energy installations. In addition, 
time is limited to use all six practice steps of SymbioCity Approach. Therefore, 
only three of them will be used in this study, which are the definition and 
organization of sustainability review, make a diagnosis of current situation and 
specify objectives. Affordable housing typology was developed for the usage of 
students and single people and IDA ICE was only used for designing energy 
efficiency for this type of housing. To provide tenure mix, different tenure types 
of housing were planned but did not analyzed by IDA ICE to design details of 
insulation. In addition, a life cycle cost analysis would be useful to evaluate 
affordability rate of new designed housing for students and single people; 
however, because of the time constraint, the calculation is ignored. 
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Suggestions were given to provide energy efficient affordable housing in 
discussion part.  
 
3 Literature review of practice examples  
As a first step, a preliminary literature review study, which consists of case 
examples from Swedish cities were used as background information to learn 
the lessons from recent practices. This chapter consists of literature review in 
urban agriculture and affordable housing used as a means for social 
integration. Then chapter continues with the definition of energy efficient 
housing, housing affordability considering rates of monthly rents to household 
income. Household income in Sweden considered for single unemployed 
person, who has median income. Chapter gives examples of the energy 
efficient housing practices from Sweden and after that, chapter continues with 
given detailed information about selected case neighborhoods including 
renewable energy systems, affordable housing and urban agriculture in Malmö, 
Gothenburg and Linköping. The chapter ends with discussion and conclusion of 
literature review.  
 
3.1 Literature review in urban agriculture and affordable 

housing 
The literature review highlights the importance of local food production for 
resource-efficiency and that argues for urban agriculture from that perspective. 
That’s why urban agriculture is brought into a discussion about affordable 
housing and energy (resource) efficiency. The main purpose of the examination 
of urban agriculture in this thesis is for creation of an interface for social 
exchange between people having different socio-economic backgrounds. The 
members and the organization types of urban agriculture practices differ from 
country to country. The members and establishment aims of urban agriculture 
communities in UK are studied by Holland (2004) on already running practices 
by considering Local Agenda 21. Case studies are from Northeast, Northwest, 
West Midlands, East Midlands, and Greater London (Holland, 2004). Holland 
(2004) finds the majority of urban agriculture practices are aimed to teach 
agriculture skills of new methods of cultivation, give education to children and 
development of interaction among people (Holland, 2004). In UK examples, 
very few of the practices aimed to gain economic profit. Majority of users of the 
urban agriculture are children, older people and people with special needs 
(Holland, 2004). Keeping member of different age groups in urban agriculture 
practice brings transfer of information and experiences from one generation to 
another generation, while fulfilling their prior aims in urban agriculture (Holland, 
2004). 
 
In terms of organization, in Ireland, people who want to construct an ecovillage 
and integrate urban agriculture, have created a cooperative consisting of 25 
people to buy a land and implement project by cooperative funding (Winston, 
2012). Other cases such as in Sweden (Berg, 2004), Denmark, Norway and 
Finland, Non-Governmental Organizations (NGO) are in cooperation with local 
municipalities to implement urban agriculture projects, and sometimes for 
integration of disadvantaged communities. Moreover, cases in Minneapolis, 
USA (Anderson, 2014) and Vancouver, Canada (Hallsworth & Wong, 2016), 
the city governments support urban gardening initiatives by local policies to 
increase and foster local food production, provide social interaction among 
people. In Helsinki, the city provided land by land use plans for long term urban 
agriculture in 2012, to be used until 2026 (Hagolani-Albov & Halvorson, 2017). 
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Geographically, the majority of recent research studies of urban agriculture 
since 2000 are based on US, where low income neighborhoods are aimed to 
share culture of different background of people on public land (Guitart, 
Pickering, & Byrne, 2012). Then examples from Europe such as UK, the 
Netherlands, Switzerland, Finland and Sweden due to the problems of 
accessing food during second world war (Anderson, 2014; Egli, Oliver, & 
Tautolo, 2016).  
 
On the other hand, urbanization in cities, particularly in New York, led to lack of 
proper land and roof top urban agriculture has started for example in Brooklyn. 
Also some of urban agriculture developments were demolished due to the 
pressure of real estate market and to convert the land to more valuable building 
properties (Guitart et al., 2012). In addition to this, startup expenses of urban 
agriculture are high and sometimes and yearly membership to urban agriculture 
practices cannot be afforded by low income people, which bring problems to 
new initiatives (WinklerPrins, 2017). One of the critiques about urban 
agriculture is that, urban agriculture is used as a ground to cultivate community 
interaction in disadvantaged housing areas that leads to land be more attractive 
and more expensive. This may cause displacement of low-income residents 
from the area due to appreciation of land value (WinklerPrins, 2017). Another 
critique is about whether the quantity of produced food is enough to meet the 
need of population when urban agriculture is done without seeking any profit. 
There is one article that analyses the minimum percentage of urban land if it is 
used for urban agriculture to meet the need of low income people, who are 
under the risk of poverty with a daily income of 2 US dollars (Armar-Klemesu, 
2000). Armar-Klemesu (2000) compares the urban agriculture rates in countries 
that have maximum poverty and malnutrition rates; Sub-Saharan Africa, South 
Asia and Latin America, with high income countries in Europe and North 
America, which are France, UK, Canada and the US.  
 
In the study of Armar-Klemesu (2000), 300 gr vegetable production is admitted 
to feed one person from urban agriculture considering the facts from WHO and 
FAO data. At the end, the scholar found that, in France, UK, Canada and the 
US, urban agriculture is not necessary to be used only for food provision, 
because there are already affordable, and enough agriculture products; 
however, urban agriculture is a useful tool for social interaction.  
 
On the other hand, in the countries, Sub-Saharan Africa, South Asia and Latin 
America, where they have high level of urban poverty and urban densification, 
10-20% of urban area can be reserved for urban agriculture. 10-20% of both 
built and unbuilt environment should be used to meet the need for on city scale, 
since there is a lack of empty plots (Armar-Klemesu, 2000). 
 
Blair, Giesecke, and Sherman (1991, p. 1) have done 144 interviews with 
people practicing urban gardening in Philadelphia and found that produced 
food is enough for members. The produced food value is 160 dollars, which is 
“worth of produce” from yielded. Pater (1991) found that 33,5 % of people in 
urban agriculture practices in New Jersey, which consist of a total area of 6 
hectares, save money. The agriculture area is approximately 66 square meters 
that has an average savings of 475 dollars during the growing season, which is 
tax-free (Blair et al., 1991).  
 
When it comes to give an example of saving money from urban agriculture and 
establishing a business, ØsterGRO from Copenhagen, which is a roof top 
urban agriculture practice and a restaurant should be mentioned (Delshammar, 
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Brincker, Skaarup, & Haaland, 2017) ØsterGRO is the first rooftop urban 
agriculture practice from Scandinavia, which was established for profit making 
in 2014 (Delshammar et al., 2017). The total area of 350 square meters keeps 
not only green house and agriculture area but also beehives and chickens, 
which give service to 6000 people in restaurant part. In ØsterGRO, vegetables 
are also sold to people, 50% which vegetables are provided from roof top 
garden and the remaining is from a close farm (Delshammar et al., 2017).  
 
3.2 Urban agriculture and ecovillage examples as a tool for 

social inclusion 
The reminder of this part is to explain how urban agriculture contributes to a 
communication between people, who have different socio-economic 
backgrounds, particularly in disadvantaged housing areas. The supporting 
agencies for practicing agriculture are also given in this part of this study. Then, 
this part gives implemented examples of energy efficient affordable housing in 
Sweden.  
 
Urban agriculture in this study is referred to as a collective practice of several 
people, who come together in cities to grow vegetables not for profit, share 
responsibilities and experiences (M. Anderson, 2014; Guitart, Pickering, & 
Byrne, 2012). This collective practice is kept not only for producing food, but 
also for coping with problems such as social discrimination, crime and to create 
a healthy environment (Guitart et al., 2012). An illustration was developed 
about the benefits of urban agriculture, in Figure 6, referred to as community 
garden was done by Egli et al. (2016). The illustration emphasizes that 
community gardens support well-being by establishing two types of 
environment, nutritional health environment and social environment. In social 
environment, community gardens help to reduce crime, increase civic 
engagement and community identity and provide a platform to share 
experiences which is supported with given literature reviews from published 
scientific articles (Egli et al., 2016). 
 
The establishment and development history of urban agriculture practices is 
explained in M. Anderson’s (2014) study by a comparison between Sweden 
and the US. In addition, there are two studies, which explain in detail what kind 
of social integration practices are used and what kind of aims are employed to 
urban agriculture the US (Pothukuchi, 2004) and in UK (Holland, 2004). In 
Sweden, urban agriculture started as being allotment gardens to create higher 
living standards and social interaction. Then, urban agriculture was integrated 
to sustainable city planning in the early 70s (Björklund, 2010), and practiced 
with ecovillages in the 1980s (Kim, 2016). Ecovillages established a ground for 
urban agriculture initiatives of today. In the US, urban agriculture stemmed from 
community gardens to provide farming as an employment to unemployed 
people who are at the risk of poverty in late 1800s (M. Anderson, 2014). Urban 
agriculture is added another function as to be used for activism after a century. 
In 1970s in New York city, urban agriculture was is practiced as a reaction 
against the commodification of land and large scale profit driven agriculture 
farms (Davies, 2012).  
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Figure 6: Community garden illustration with their social and health benefits 
(Egli et al., 2016). 
 
Following development in the US is analyzed by Pothukuchi (2004) on nine 
cities and their neighborhoods in Detroit. In the study, access to vegetables by 
low income people in deprived neighborhoods; the relationship between level of 
poverty and access to agriculture products by low income people in Los 
Angeles and Somerville are explained. At the end of her study, Pothukuchi 
(2004) developed planning strategies and practices that are developed by a 
collaboration of university, NGOs, public and private institutions in these cities 
to improve the conditions of low income people with experiencing urban 
agriculture. For example, in Detroit, a planning handbook was developed that 
consists of the local urban agriculture projects, in Los Angeles a food policy 
council and food security network were established for the development of 
urban agriculture practices, farmer markets and food stamps. In Somerville, 
Pothukuchi (2004) contributed to development of community food guide, 
establishment of cooking classes and commercial kitchen facilities to integrate 
low income people with kitchen tasks and food production. At the end, these 
projects increased the attention on low income population, which can produce 
and sell their own agricultural products. 
 
Urban agriculture in Sweden 
In Sweden, urban agriculture is usually practiced together with eco-village 
projects since 1980, which is followed by an establishment of an association for 
ecovillages called ERO (Ekobyarnas Riksorganisation) in 1986 (Kim, 2016). 
Then, Swedish National Board of Housing Building and Planning Agency 
(Boverket), has developed a guideline, which consists of 20 principles to design 
ecovillages in Sweden (Kim, 2016). After the guidelines, ecovillages have been 
developed in a more professional way, instead of learning from test 
constructions. An ecovillage is a neighborhood which consists of maximum 50 
housing units are produced with renewable energy techniques to save energy 
according to Swedish regulations. Also Swedish ecovillages aim to improve 
social interaction with farming practices in a high-tech environment (Kim, 2016). 
However, according to the study of Haraldsson, Ranhagen, and Sverdrup 
(2001), ecological building material usage provides only 5 or 10% less 
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ecological foot print compare to traditional building materials. Haraldsson et al. 
(2001) study is based on ecovillages from Toarp and Oxie, Malmö ecological 
building material in an ecovillage in Toarp. The second one is a traditional 
building in a Swedish village, which at the end has only 5-10% less ecological 
foot print than traditional materials, but they are expensive than traditional 
ones. The common finding is that, urban agriculture helps to reduce consumed 
energy, clean air. Also, urban agriculture improves social and physiological 
comfort.  
 
There are few studies published about examples of ecovillage practices in 
Sweden during the last two decades (Berg, 2004; Haraldsson et al., 2001; Kim, 
2016; Xu, 2011) One of which gives detailed information written by Kim (2016). 
Kim (2016) focuses on the changes of user and society environmental 
behaviors, such as resource saving, waste separation, consumption of food, 
and transport by comparing two ecovillage projects one of which is Hällen, 
Hågaby, Uppsala and the other one is Understenshöjden, Stockholm. In 
addition, Kim (2016) analyses developers’ technological skill improvements on 
ecovillage project practices with the lessons learned from each ecovillage 
projects. The conclusion result is that as long as ecovillage projects have been 
practiced, both users and developers improve their knowledge and get used to 
consider sustainability aims (Kim, 2016). However, there is no attention given to 
urban agriculture practice in Kim’s (2016) study.  
 
Contrary to Kim’s (2016) study, Haraldsson, Ranhagen, and Sverdrup (2001) 
mentions that, local food production in ecological villages (usage of 
permaculture) reduces 20% of energy consumption compared to traditional life 
styles. Berg (2004) and Xu (2011) mention that the usage of urban agriculture 
and renewable technologies increase community communication and create 
bonds among community members. Urban agriculture examples are usually 
integrated in neighborhoods having renewable energy systems where crow 
funding is used for subsidization. It is worth noting that, urban agriculture is not 
only way to save energy and develop community links but also help to reduce 
the spent capital for fresh food. However, finding start-up capital or to develop 
enough budget for the development of urban gardening practices in high tech 
neighborhoods are not always an easy task. In the following part, the ways to 
set up an urban agriculture practice are explained.  
 
In two examples from UK and the Netherlands, renewable technologies are 
supported with crowd funding (Hanleybrown, Kania, & Kramer, 2012; Lam & 
Law, 2016). The study of Lam and Law (2016) show case examples of 
renewable technology installation projects that have four source to be 
financially supported, which are different than municipal grants. There are four 
types of financing 1) startup venture capitals and private equity, 2) community 
share by membership (cooperative business), 3) crowd funding (donations 
usually via the internet) and 4) loans (debt finance from banks), shown in 
Figure 7 (Lam & Law, 2016). The most experienced way is the creation of 
community shares- cooperative, while the most discussed type in these days is 
crowd funding because it is becoming popular on social media due to the 
donations are gathered via internet.  
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Figure 7: Working structure of collective impact finance (Hanleybrown, Kania, & 
Kramer, 2012; Lam & Law, 2016) 
 
In Hague in the Netherlands, a community share (cooperative) was established 
to gather capital for implementing 25000 solar panels on roof to create a solar 
plant, which had 186 members (Lam & Law, 2016). The ending date of 
membership of the community share is 25 years after the project implement 
(Lam & Law, 2016). During this time, the members of cooperative can sell the 
unnecessary electricity to grid, which is remained from the usage of 80 
household (Lam & Law, 2016). In Debenture in UK, a crowd funding platform 
was developed to install solar panels for Brighter Schools. 216.000 pound were 
provided from 158 people (Lam & Law, 2016). The gathered capital was used 
as an investing capital (Lam & Law, 2016). The funders are planned to be paid 
back after 20 years with an accounting rate of return by 7,2-8.3% from selling 
electricity to grid and school fees (Lam & Law, 2016). 
 
3.3 Housing affordability and its energy efficiency in Swedish 

context  
There is not a direct definition of affordable housing. However, there are some 
approaches to describe housing affordability by comparing housing expenditure 
to income ratio. This is the most useful evaluation method used by mortgage 
lenders, real estate industries, land developers etc. (Leishman, Rowley, 2012, 
pp. 384, 385). Also, some approaches link affordable housing to its proximity to 
public facilities and work.  
 
First, a measure of affordability is in comparison to housing expenditure to 
income ratio has been discussed by The National Federation of Housing 
Association in the UK. The federation finds that if the proportion of housing rent 
to household income exceeds 30% of the household income, the rent is a 
burden for households. This rate is apart from housing benefits and includes 
people who are employed or pensioners (NFHA, 1990). The rate of housing 
rent for residents who are not supported by benefits should not exceed 20% of 
household income, as determined by the National Federation of Housing 
Association in the UK in 1990 (Whitehead, 1991, p. 882). According to Stone 
(2006, p. 152) and Leishman and Rowley (2012, p. 381) and Oswald (2002), 
internationally 30% and above becomes an unaffordable burden.  
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Second measure of housing affordability is linked to the location of housing. 
Affordable housing should reasonably adequate in location for lower or middle-
income households. The transportation costs to access working spaces and 
market spaces affect expenses to spend for housing (Tighe & Mueller, 2013). 
Therefore, the affordable housing should include service options, job 
opportunities and transportation facilities close to neighborhood (Yang, 2013). 
In Sweden, even though municipal housing companies have the responsibility 
of affordable housing production, the Organization of Municipal Housing 
Companies, SABO, has developed a prefabricated low-income housing model. 
The model is referred to as Kombohus is developed due to high construction of 
traditional affordable housing production (Lind, 2017). An affordable housing 
should not be more than 30% of household income (EUROSTAT, 2018).  
 
According to the municipality, an energy efficient house uses minimal energy 
considering climate zones. An energy efficient house prioritizes sufficient 
insulation and building density as well as uses optimal energy besides self-
production of energy with installed energy systems in the house 
(BorlängeKommun, 2010). National energy standards according to National 
Board of Housing, Building and Planning (BBR), an energy efficient new built 
small house requires a maximum of 90kWh heating demand per square meter 
(Boverket, 2016). In terms of local requirements considering Borlänge 
Municipality report, a new built house should not spend more than 80 kwh per 
square meter (BorlängeKommun, 2010). Also, municipality requires a maximum 
heating demand of 150kwh per square meter for heating, hot water and cooling 
(BorlängeKommun, 2010). Municipality of Borlänge support construction of 
energy efficient houses with incentives as well as recommends a collaboration 
between manufacturers, financial institutions to develop strategies to produce 
energy efficient small houses (BorlängeKommun, 2010).  
 
Kombohus houses are energy efficient and their standards are determined by 
SABO. Contractors compete in tender competitions to participate in the 
production and placement of SABO housing units (Lind, 2017). The price of 
construction of a municipal rental housing unit is around 18 215 SEK without 
VAT (Söderström & Genfors, 2015), while Kombohus is produced with a price 
between 12 000-14 000 SEK without VAT (Söderström & Genfors, 2015). The 
rents are between 135 and 150 SEK per square meter and in 2015 for the area 
of houses which are 35 square meters and consist of one room (BoplatsSyd, 
2016). For example in Malmö, the rents of SABO Kombohus were are between 
4837 and 4967 SEK for 35 square meters room in 2015 (BoplatsSyd, 2016).  
 
An annual median salary of a single person in Sweden was 268,350 SEK 
(25790 Euros), which is approximately 22 363 SEK monthly in 2015 (Freeman, 
2017, p. 53). If a citizen has a child or aged between 18 and 29, he can get 
housing allowance as a part of welfare (Forsakringkassan, 2018). According to 
Swedish welfare system, an unemployed person having vocational training 5 
days a week can get 223 SEK daily, which is 4460 SEK monthly, for a 
maximum of 450 days (Forsakringkassan, 2018). However, this temporary 
welfare benefit is not considered for this study.  
 
To sum up, the rent of a 35 square meter SABO house for a median income 
single household is affordable. Since a median income household earns 
approximately 22 363 SEK monthly and a SABO house is rented with 4837 
SEK monthly, which is less than 25 % of monthly income of a household.  
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3.4 Energy efficient affordable housing examples in Sweden 
Regulations to produce affordable housing with energy efficiency measures 
have still not been considered in housing policies and investors are reluctant to 
produce this type of housing. Zalejska-Jonsson, Lind, and Hintze (2012) have a 
research based on the reasons of willingness and hesitations on energy 
efficient housing construction by municipal and private companies in Sweden. 
Zalejska-Jonsson et al. (2012) found that, financial gains from energy savings 
and real estate with the value of an energy efficient building are not only 
associated with the costs of construction. To expand the production of energy 
efficient housing, state support and incentives are necessary to promote the 
production and to cope with bias regarding associated costs. The incentives 
such as reduction of taxes or giving construction subsidies may help (Zalejska-
Jonsson et al., 2012). As a future strategy, state subsidies for energy efficient 
housing construction and an increase of awareness of local governments 
regarding the demand of affordable housing production may benefit the people 
in need.  
 
Municipal housing companies are responsible to produce affordable housing in 
Sweden. However, in Gothenburg, a tender was opened for private companies 
to produce energy efficient housing units to be used as affordable housing in 
2012. The obligation consist of low rents for a specific period of time to be 
rented for low income people by municipal housing company (Lind, 2017). This 
project is called RiverCity in Frihamnen and examined in detail as a case study 
in this thesis. According to study of Janson (2008) before 2012, there have 
been a few municipal housing companies produced energy efficient housing by 
targeting to keep the rents affordable in Värnamo, Frillesås and Landskrona. A 
first passive municipal rental housing project was developed in Glumslöv, 
Landskrona from 2003 to 2004 consisting of 35 housing units. The rents 
calculated as 1000 SEK per square meter that does not include heating and 
electricity expenses related in rent price (Morrin, 2008). The housing units had 
heat exchanger and heating water and extra heating for spaces were provided 
with usage of electricity. An annual heating demand for housing units were 59 
kWh per square meter and south facing windows have overhangs to stop 
overheating from sun during the summer (Morrin, 2008).  
 
The second project in Värnamo, Oxtorget was started in 2004 and ended in 
2006. The project was developed as a test-based case and had financial 
support from Swedish Energy Agency as being a demonstration project 
(Janson, 2008). Also, the project had governmental subsidies from Swedish 
Government for the establishment of solar collectors (Janson, 2008). At the 
end, the rents for 40 municipal affordable housing units were between 852 SEK 
and 984 SEK per square meter; however, heating, cooling and electricity bills 
are not included in rents in 2006 (Janson, 2008). 5 passive house buildings 
consisting of affordable rental housing units that have wooden exterior walls, 
heat exchanger and electric resistance heating system is used for extra heating 
of the building (Janson, 2008). The heating demand per square meter is 9.8 
kWh (Janson, 2008). In addition, electric heating battery system and 25 square 
meter solar collectors were installed on roof to heat the water on each building 
(Janson, 2008).  
 
In addition, a third project in Karl Johans Väg in Frillesås consisting two 
buildings with 12 municipal rental housing units were constructed (Janson, 
2008). A steal construction system was developed for passive buildings, which 
had wooden prefabricated exterior walls (Janson, 2008). The buildings were 
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heated with heat exchanger supported by district heating system. Floor heating 
was also used in bathrooms of each building and solar collectors were 
established on the roof of a detached building used for keeping mechanical 
equipment (Janson, 2008). The heating demand per square meter is 9.6 kWh 
(Janson, 2008). The rents tried to be kept minimum for the residents and 
calculated between 960 and 977 SEK per square meter in 2006 (Janson, 
2008). Similar to the project in Oxtorget, the bills for heating, cooling and 
electricity were not included in rent amount (Janson, 2008).  
 
3.5  Sustainable development projects in Malmö, Gothenburg 

and Linköping 
This part was developed to review the definition and organization of 
sustainability considering selected background cases from Malmö, Gothenburg 
and Lindköping. Malmö had a population of 318,000 people and high 
unemployment rates by 14.9 % in 2015 (Freeman, 2017, p. 53). In the same 
year, the majority of population has university level of education was 48% 
(Freeman, 2017, p. 53). National average of unemployment rates and university 
education in Sweden was 8% and 41% namely in 2015 (Freeman, 2017, p. 53). 
There is one university in Malmö and the city is the third largest city of Sweden. 
In addition, in Malmö, the share of people who were born abroad was 32%, 
while the country average was 16% in 2015 (Freeman, 2017, p. 53).  
 
The environmental aim of Malmö between 2009 and 2020 was to be the 
greenest city of Sweden (Fredlund, 2011). An effective use of renewable 
energy, green lifestyle promotion, various clean-tech companies, 
implementation of laws protecting the environment and employment of fresh 
and innovative strategies for better and green communities were objectives to 
achieve the aim of being the greenest city of Sweden (Fredlund, 2011). Due to 
spent efforts to achieve the environmental aim, Malmö city had a Scroll of 
Honor Award in 2009 by UN-HABITAT “for its innovative, holistic approach to 
becoming a 21st century eco-city”(Reepalu, 2010, p. 22). One of the results 
was the redevelopment of Western Harbor in Malmö, which had international 
awards for achieving environmental sustainability.  
 
Gothenburg city has 564,000 inhabitants and 50,000 of them are students of 
two universities and vocational training program. The city of Gothenburg is the 
second largest city of Sweden. 35% of population has university degree, while 
25% of population in Gothenburg are foreign born (CityofGothenburg, 2017). 
The city has developed social sustainability targets and unemployment level 
has halved since 2010 among young people. On the other hand, 
unemployment is still exist among new arrival people, who arrived new to 
Sweden, which are lack of education (CityofGothenburg, 2017). The city has 
experienced 7,400 incomers between 2016 and 2017 (CityofGothenburg, 
2017). Moreover, population of the city has almost doubled for the last decade, 
which was 70,000 new people arrived to Gothenburg (CityofGothenburg, 2017). 
To meet the housing needs of new comers 4,000 housing units were produced 
in autumn 2017. In addition, for suburb development, Älvestaden and West 
Sweden Package projects were developed to achieve a social mix 
(CityofGothenburg, 2017) 
 
The city aims to create an equal society considering social, ecological and 
economical sustainability measures to build a sustainable society 
(CityofGothenburg, 2017). For a sustainable social development, municipality 
has projects for healthcare, education, leisure and cultural facility development 
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(CityofGothenburg, 2017). The municipality has opened four skills centers to 
meet the jobseekers employment needs with employers demand on local level 
by solving local unemployment (CityofGothenburg, 2017). The city manages 
residual, food and construction waste to collect and process since 2014. The 
city of Gothenburg shared budget for organic food purchase, which was 45% in 
2015 and 46% in 2017 (CityofGothenburg, 2017). Until 2020, energy efficiency 
is put as a local target that new produced buildings, such as kindergartens and 
schools should be low-energy used buildings, which are usually passive 
houses. In addition, Gothenburg Local Energy Premises Committee has 
adapted targets to promote the usage of solar power (CityofGothenburg, 2017). 
In 2015, an electric bus route was developed for the city that had the Solar 
Prize Award of being best example for the usage of renewable energy for a 
sustainable public transport (Bureau, 2016).  
 
Linköping city has a population of 156,338 people in 2017 that is aimed to 
increase to 250 000 people by municipality (Linköping.se, 2018). To meet the 
housing needs of new incomers to the city, municipality plans to construct 
13 000 new housing units between 2017 and 2027 (Linköping.se, 2018).  
 
3.5.1 Rosengård and Augestenborg, Malmö 
Besides redevelopment of Western Harbor with renewable energy systems, the 
same award, Scroll of Honor Award in 2009 by UN-HABITAT, was included 
Augustenborg ecocity project due to their technical innovations and energy 
efficient renovation of residential buildings. By the ecocity project, storm water 
management was done to mitigate storm water in the buildings by draining the 
water in small channels that water green areas (Institute, 2010). Also, world’s 
first botanical roof was designed that consists of 9,000 m2 (UN-Habitat, 2009), 
a vertical urban agriculture building, solar roof that consists of 450 m2. Also, 
during the six months 3 250 kg food waste was developed and converted to 
biogas by the waste management project (MalmöStad, 2016). The income of 
the residents living in Augustenborg was in 13 054 Euros in 2006, while it 
increased to 14 347 in 2015, which increase was 9% (Malmöstad, 2018). 
 
While Western Harbor redevelopment and Augustenborg ecocity projects are 
examples of Malmö’s municipality’s green city efforts, in terms of the 
transformation of the old industrial district to the most “sustainable part” of 
Malmö, social sustainability in deprived districts such as Rosengård are not 
fully mentioned, even though these neighborhoods are close to each other as 
shown in Figure 8. Rosengård is usually considered as one of the most 
deprived neighborhoods in Sweden, is often presented in the media as a 
district of social tension, shootouts, and crime. In 2009, Malmö Municipality had 
prize of development of the best sustainable development project of social 
integration in disadvantaged urban areas in Malmö. The first prize award, called 
RegioStars, was given by European Commission. One of the awarded 
disadvantaged area was Rosengård by a project run between 2008 and 2011 
(Malmöstad, 2012). 
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Figure 8: Sustainable urban development projects in Malmö. 
 
Social inclusion and urban agriculture project in Rosengård 
Rosengård district resides 23 000 people, having 50% unemployment rate and 
reside 111 different nationalities who speak 50 different languages (Björnson, 
13). The building blocks were constructed in 60’s and 70’s with Million House 
Project of Sweden and the proximity to city center is 3 km, which is 7min by 
bike (Björnson, 13). To foster social integration in deprived neighborhood, 
Rosengård has been included in Sweden’s sustainability plan to create 
employment opportunities and to create an attractive neighborhood. Delegation 
for Sustainable Cities of Sweden (Hållbara Städer) was national and the EU 
Regional Development Fund was the international funders of the project 
(Eriksson, 2012).  
 
To do achieve social sustainability, a cycling path from Rosengård to Western 
Harbour and city center was developed. A new cycling path that connects 
Rosengård to Västra Hamnen and meeting places were developed with the 
concept of “innovative energy-efficient lightning, new meeting-places and 
spaces for activity [that] will make people feel safer and lead to greater use of 
the area by both pedestrians and cyclists” (The Delegation for Sustainable 
Cities, 2010). One wind power plant was established by a cooperative 
ownership method and collection of waste to produce biomass was done in 
Rosengård (Malmöstad, 2010). Projects developed to strengthen community 
bonds and communication (Urfels & Turk, 2018). One of the projects was to 
design a climate smart food center included a community kitchen and urban 
gardening. A school upgrading was done, which is called Ryden to give 
education about energy efficiency and environment, while an ice rink was 
designed in Rosengård to reduce water consumption. The locations of projects 
are illustrated on the Figure 9.  
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Figure 9: Sustainable development projects in Rosengård (Malmöstad, 2010) 
 
Employment opportunities and social interaction strategies have been 
increased for low income residents living in Rosengård district. One of the 
examples of employment and social integration strategy is an urban gardening 
project in Rosengård. An NGO called Odlar i Starn has been running the urban 
gardening project in Rosengård. The urban gardening project has been 
managed in a coordination with municipal housing company, MKB since 2014 
(Larsson, 2017; Urfels & Turk, 2018). The initiative targets to take attention to 
food production and integrate low income people to society by giving 
responsibilities with urban gardening practice as well as giving environmental 
duties (Larsson, 2017; Urfels & Turk, 2018). According to the owner of the 
NGO, residents have been essential contributors of practices, particularly after 
they had the experience of cultivation in urban agriculture (Larsson, 2017; 
Urfels & Turk, 2018). Residents share their own skills to sustain the initiative in 
the long run (Larsson, 2017).  
 
In the public housing estate in Herrgården, Rosengård, which belong MKB, 
there are pallet boxes where Odlar i Starn gardens locate and there are also 
individual boxes where adults can plant their own herbs and vegetables 
(Larsson, 2017; Urfels & Turk, 2018). The agriculture boxes are attached to the 
house to have them close to urban agriculture colonies or a garden in a 
backyard. The proximity of urban agriculture locations to homes of residents 
were liked by residents (Larsson, 2017; Urfels & Turk, 2018). This is because, 
women live in Rosengård often prefer not to be far away from their living 
environment because of cultural norms and values (Larsson, 2017). Residents 
take notice of it by changing the way of throwing waste and trash out of the 
window not to damage the agriculture boxes. As a result, the behavior of 
residents have changed a lot for example children become calmer, the outdoor 
is cleaner, and people feel more comfortable in their environment (Larsson, 
2017; Urfels & Turk, 2018). 
 
However, there is a problem in urban agriculture, which is the financial support 
from municipality. Odlar i Starn receives small funding from state and it is 
difficult to get financial support from the municipality (Urfels & Turk, 2018). 
Even though, according to findings of the urban gardening practice has positive 
influence on social behavior of people by strengthening social bonds and the 
physical environment, the project is lack of funding. In 2012, urban agriculture 
project was funded by national funds and supervised by the Environment 
Department of Malmö Municipality. However, the funds have only lasted for two 
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years. Although the project was successful in terms of people that were 
engaged, it failed to self-sustain itself afterwards. Creating incentives for urban 
gardening could foster social development especially in Herrgården, which area 
have high rates of unemployment (Urfels & Turk, 2018). Such initiatives need 
long-term financial support and public support is essential to keep up the work 
of NGOs such as Odlar i Starn. At the end of sustainability efforts, an award 
was given for the step taken for the cooperation between Malmö municipality 
and NGOs’ developed plans to counteract segregation particularly in 
Rosengård (Höpner, 2004; The Commission for a Socially Sustainable Malmö 
and Is, 2012; Commission for a Socially Sustainable Malmö, 2013; Anderson, 
2014). 
 
Roof agriculture projects in Augustenborg, Malmö 
Augustenborg in Malmö is a renovation project example of buildings, which 
essentially aimed three aspects; efficient use of water, green roof design and 
solar system installation, designed by municipal housing company in 1998 
(SmartCitySweden, 2016). However, affordable housing construction does not 
exist for this project even though green roof and storm water management 
project become famous around Sweden due to its success. The project is an 
example of how residents have participated in changing environment, creating 
relationships with a low-income community without any leaving due to 
disadvantage character of the neighborhood and a declining rate of 
unemployment, according to the research studied by Barton (2016). The 
neighborhood has been facilitated with nature-based solution predicated on a 
system called green and blue infrastructure, which relies on waste water 
management system and urban agriculture (Stahre, 2008). Urban agriculture is 
developed to reduce the level of unemployment among low-income people as 
well as to make the neighborhood more attractable for high and middle-income 
inhabitants (Barton, 2016). The project was subsidized by EU-Life program and 
Swedish Ministry of Environment (Stahre, 2008). 
 
Upon looking through the mentioned roof garden, which aims to benefit from 
green roof methods, it is designed to encourage and improve green roof 
technologies (Stahre, 2008). Green roof design is publicized for field trips in 
terms of the progression of used technology among other municipalities of 
Scandinavian cities (Stahre, 2008). There are area visits to see the roof 
technology, wild habitats, vegetation around the world and a Scandinavian 
Green Roof Institute was set up to give green roof technology courses (Stahre, 
2008). There are two main types of green roofs which are named as extensive 
and intensive green ones according to the study of Stahre (2008). Those are 
vegetated by seeds which are tolerant to droughts, reducing the downpour 
released from the roofs up to %50 half of which either evaporates or soaked up 
by the soil used in green roof technology in addition to cooling (Stahre, 2008). 
 
The neighborhood has a school, a public park and a workshop area that 
consists of 20 hectares land, which inhabits approximately 3000 residents in 
the area and consists of 9000 square meter green roofs (Barton, 2016; 
SmartCitySweden, 2016; Stahre, 2008). A sewage system was developed for 
both waste water management, resolution of flooding and green roof 
applications with an active participation of local population (Barton, 2016). The 
project has a positive impact on the employment issue as well, as it is pointed 
out by Barton (2016). Unemployment in the neighborhood decreased from %30 
to %6 (Barton, 2016). Moreover, the establishment of three local companies in 
the neighborhood have opened career opportunities to people (Barton, 2016). 
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Regarding waste water management, a complex sewage system has been 
developed (Stahre, 2008). The system is a combination of networks where 
various ranges of canals have been implemented. The central drainage corridor 
is located around the workshop area and residential block, which is designed to 
collect water when the flood is in uncontrollable levels (Stahre, 2008). The 
water collected here is discharged into double ponds which intends to control 
submersion with a big pond (Stahre, 2008). There is also another structure 
called cube canal intended for increasing the volume of vegetation. The cube 
canal is linked to delta pond which finally enables to drain down the water into 
municipality's waste water pipe system (Stahre, 2008). The system provides to 
control flooding up to %70 in comparison with the previous condition (Stahre, 
2008). 
 
To sum up, the project has achieved its objectives environmentally, socially and 
economically according to Barton (2016). In environmental scale, the new 
waste water management infrastructure can cope with the storm water up to 
%90. What is more, the biodiversity in the region has developed rapidly which 
has also improved the carbon emission as well as cooling problem in summer. 
Fortunately, the project has eliminated the water flooding incident from 2002 to 
2010 (Stahre, 2008). According to the study of Stahre (2008), there are other 
social improvement due to physical changes in the neighborhood. Previously 
covered with asphalt, permeable parking lots could not sustain water for the 
trees due to the usage of asphalt; however, open spaces were redesigned with 
layers of gravel on which polyethylene (Stahre, 2008). This gives a change to 
street trees to be healthier. In addition to parking lots, a senior housing was 
constructed with green roof technologies to cope with runoff water (Stahre, 
2008). The amphitheater was built outside the school for outdoor activities of 
children allowing to discharge storm water easily (Stahre, 2008). 
 
3.5.2 RiverCity, Frihämnen, Gothenborg  
River city project focuses on socio-economic mix with affordable housing 
construction for low income people in a collaboration with private companies in 
Älvstaden referred to as Frihamnen project, where the old harbor land is owned 
by Älvsranden Utveckling, a municipal land developer and housing company 
(A. Bengtsson & Granberg, 2017). Also, urban gardening, development of 
public transport, biogas production from waste and recreational facilities by the 
river were developed with Kvillebäcken project (IFHP, 2014).Public 
transportation was developed to decrease in the number private through shuttle 
system, car and bike pools, bridge construction between piers and correctly 
structured pedestrian paths (E. Bengtsson, 2010). Project has a large 
recreation area with sailing, swimming, urban bath, sauna, rller court,urban 
agriculture in Jubile Park in Frihamnen and urban gardening in Kvillebäcken 
(IFHP, 2014). Common areas for people, wide range of activities are designed 
for Jubile Park, which is a place where people integrate with each other in 
social platform (IFHP, 2014). In addition to Jubile Park, bath culture project and 
a temporary swimming pool were added for the community according to 
Aronsson (IFHP, 2014). 
 
The area is situated in proximity to the water source, it brings a great 
advantage to organize sailing classes (Ståder, 2012). Thanks to this 
development, through water sports both cultural and work field are available for 
the residents dwelling around (Ståder, 2012). A waste recycling system was 
developed to produce biogas, which produces fuel at fuel supply area next to 
ferry terminal and the fuel is used by two bio-gas powered ferries on Göta 
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River. Also waste trucks have methane diesel engine, which mixes diesel with 
biogas for energy efficiency to get higher performance and less CO2 emission 
than traditional gas vehicles (HållbaraStäder, 2010). Environmental targets 
achieved by Kvillebäcken project has a large urban crop agriculture area that 
consists of various plots can be rented by individuals and restaurants to grow 
vegetables and to meet with other people. The project has been managing by 
private companies, City of Gothenburg and Stadsjord Association 
(HållbaraStäder, 2010).  
 
Frihamnen project, , shown in Figure 10, is a part of a large scale river side 
urban development, referred to as RiverCity, which has potential for economic, 
environmental and social developments in the area according to the findings of 
E. Bengtsson (2010). The area is expected to be home for 9000 households 
and nearly 15000 people by 2027 (Vestin, 2016). The Frihamnen project, which 
was unused industrial and logistic area dates back to 300 years (IFHP, 2014), 
is developed in accordance with green transportation concept by biogas and 
integration of the community have different income levels that started in 2018 
(E. Bengtsson, 2010).  
 

 
Figure 10: Frihamnen project area (Vestin, 2016, p. 19) 
 
Affordable rental housing units in Frihamnen were planned, which is 16% of 
housing stock were developed with this project (A. Bengtsson & Granberg, 
2017). According to the report of Gothenburg municipality, almost 3000 housing 
units will be affordable rental units and owned by private developers until 2021 
(GöteborgsStad, 2016). The infrastructure will be implemented by municipal 
housing association of Älvsranden Utveckling AB until 2021 (GöteborgsStad, 
2016). According to Lind (2017), in Frihamnen Gothenburg, municipality has 
opened a tender in 2012 for the construction of affordable housing on municipal 
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land. The municipality regulated the management of rental housing units during 
a 15 years period. The rents are limited to be around 5000 SEK. The project 
aims to mix people who have different socio-economic backgrounds (Lind, 
2017). Before the project starts, municipality of Gothenburg had a six-month 
research period in 2012 (Törnquist, Olsson, & Claesson, 2012). Then, the 
municipality developed a land allocation policy to open a tender competition in 
2015. The target is to create a tenure mix in a central location of Gothenburg. 
Strategic plan of the city aims to produce up to 50 000 housing units until 2035 
(GöteborgsStad, 2014, 2016).  
 
One of the main aim of the project to produce 50% of housing stock as rental 
(A. Bengtsson & Granberg, 2017). According to study of Danell and Olausson 
(2016), the number of targeted productions of affordable rental housing units 
for low income people are 500 and the rent level are between 1850 SEK and 
1000 SEK per square meter. Private developers will own the affordable rental 
houses (Danell & Olausson, 2016). It is mentioned by Vestin (2016), the rental 
housing units have rents that have been determined by municipality in their 
report ”25 % of housing units will have a rent which is 1000SEK per square 
meter, 25 % of them will have a rent that is 1400 SEK. 25 % of housing will 
have a rent of 1850 SEK and the rents for the last quarter has not been 
decided 25 % - not yet clear (Göteborgs Stad, 2014b) ” (Vestin, 2016, p. 17). 
Private developers will also undertake the construction of cooperatives and 
owner-occupied houses to cross subsidize affordable housing units (Danell & 
Olausson, 2016). Jadaan and Mina (2015) explain that, the construction of 
housing starts in 2017 while the land use plans of the area have already been 
finished after two years of work. 3000 new housing units (cooperative, owner 
occupied and affordable rental houses) with 2000 business units will be 
produced until 2021 (Jadaan & Mina, 2015). 
 
3.5.3 Vallastaden, Linköping 
The Vallastaden is a recent residential area which is situated approximate to 
the campus of Valla at Linköping University, shown in figure (Palm & Wihlborg, 
2013). Vallastaden plan was developed to mix households having different 
economic levels by including tenant-mix housing (multifamily, townhouse and 
villa). 950 student housing, 180 owner occupied housing units, 78 town houses 
(semi-detached housing) and 13 villas were designed (Arkitektur, 2017). In the 
beginning of the project, private investors have not shown interest for 
construction (Palm & Wihlborg, 2013), after this, municipality has developed 
different strategy for land development, which includes various type of contracts 
for each plots. The project has inspired Germany to reduce the construction 
costs, which subsidies individuals for build yourself housing (Arkitektur, 2017), 
similar subsidies have been experienced in Norway as well. The concept was 
build your own house, become your own builder and grow your own-
collaborative lots (Arkitektur, 2017). Traditional wood architecture in the city 
inspired the design and prefab housing has also been designed by Skanska 
(Arkitektur, 2017). 
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Figure 11: A perspective from Vallastaden project (Arkitektur, 2017, p. 7) 
 
Social sustainability and resource efficiency aspects were considered. The 
aspects of plan were to develop energy efficient housing, leisure facilities and 
meeting places for strong social networks developed with zoning plan (Palm & 
Wihlborg, 2013). To achieve this, social sustainability and creativity were 
considered for planning and planning started in 2011, which was followed by a 
planning competition ended in 2012. Community houses were developed in 
each neighborhood, which consists of waste disposal part, workshop area, a 
party room and urban gardening lots to make the people come together and 
interact (Arkitektur, 2017) 
 
The most innovative way to be projected is the house construction near the 
street in which inner open farms was be built to create living places 
environmentally friendly and sustainable (Palm & Wihlborg, 2013). Finally, the 
integration of the society has been achieved with the help of internet through 
online platforms called e-democracy or e- dialogues to give a chance the 
residents to raise their voice and act as a unity thanks to improving 
technologies (Palm & Wihlborg, 2013). 60-70% of 20 hectares land belonged to 
municipality and Akademiska Hus, which is a state owned company that owns 
and runs universities (Arkitektur, 2017; Palm & Wihlborg, 2013). Also 
Linköpingsexpo AB company was established by municipality; therefore, the 
company, Linköping University, Akademiska Hus and municipality partnership 
managed the planning and implementation stages of the project (Vestin, 2016). 
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Figure 12: Vallastaden project (Arkitektur, 2017, p. 28) . 
 
Transportation and social places are expected to be designed together which is 
called socio-technical system (Palm & Wihlborg, 2013). On the one hand, 
national park is planned to be designed in reliance with transportation as well 
as some renovations and regulations about fuel, parking facilities, traffic 
regulations (Palm & Wihlborg, 2013). However, there is no special technology 
used in this area, except various workshops. Tekniska Verken i Linköping AB 
company decided to encourage public for the development of technical 
planning (Palm & Wihlborg, 2013). A technical innovation camp was designed 
with 65 high school students for innovation development during a day (Palm & 
Wihlborg, 2013). The company created a dialog among land owners, 
construction companies and municipalities (Palm & Wihlborg, 2013). 
 
By the usage of flexible housing with removable walls, which was designed with 
solar energy cells, demands 42-kilowatt energy per square meter annually for a 
55 square meters apartment (NCC, 2015). The usage of removable walls 
provide opportunity to convert a one-story house into five story houses. In the 
scope of energy management in housing, the residential areas are built in low-
energy passive house style, different than traditional low energy house 
demands 46 kWh energy annually (NCC, 2015). The houses not only consume 
low level energy but also thanks a system can feed the local electricity grid 
(NCC, 2015). The houses are referred to as The Plus Energy House according 
to the description of NCC, which produces surplus energy after using for itself 
(NCC, 2015). The surplus energy produced by The Plus Energy House is 
enough for the energy demand of household appliances for 100 square meter 
apartment for annually (Arkitektur, 2017). 
 



 28 

4 Analysis for resource efficiency in Borlänge 
This chapter analysis resource potential of Borlänge to examine the capacity of 
installing renewable energy systems. This chapter is a part of second step, 
which is the diagnosis of current situation of Borlänge. This section starts with 
giving information about population in Borlänge. In order to design a 
sustainable neighborhood, renewable energy potential is examined in this part 
considering solar energy, water and waste. Also, recent affordable housing 
stock, availability of urban agriculture in the area are analyzed to improve the 
accessibility and attractivity of the neighborhood. The following part gives 
information about renewable energy capacity, recent housing stock and urban 
agriculture practices.  
 
In Dalarna region, the population increases for example in Ludvika the 
population increased by 2.1%, In Borlänge the increase was 1.2%, while in 
Falun the increase was 1.05% in 2018 (Borlange.se, 2018). In 2016, population 
in Borlänge was 51,604, which increased by 2,281 since 2011. In addition, the 
population in Borlänge is expected to be almost 57 000 by 2027, shown in 
Figure 14 (Borlange.se, 2018). Population projection is an important tool for 
municipalities for resource efficiency and financial plans to manage actions for 
population. Distribution of resources efficiently by municipality has a major 
impact in the society when in terms of providing infrastructure, creation of 
employment opportunities, public housing, health and education facilities by 
using local tax gain. The government strives for the equalization of income and 
cost differences between municipalities based on population of the citizens 
living in municipal boundaries (Borlange.se, 2018). 
 
Urban expansion ratio of Borlänge shows that Borlänge has densified contrary 
to urban expansion in 1990 (Svensson, 2018). According the expansion ratio 
theory, if expansion ratio is more than 1, an urban area is growing faster than 
the growing population (Svensson, 2018). On the contrary to this, if the 
expansion ratio is smaller than 1, an urban area is becoming dense and larger 
population live in smaller areas (Svensson, 2018). 
 

 
Figure 13: Population projection of Borlänge (Borlange.se, 2018) 
 
According to the municipality's population forecast, the number of residents in 
Borlänge will increase by 430 people per year between 2015 and 2019 
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(Kommun, 2016). The current household portion of municipality means that this 
corresponds to an increased need for a corresponding 158 new housing per 
year during the period (Kommun, 2016). This means that the need for housing 
is expected to increase in total 632 new homes between 2015 and 2019 
(Kommun, 2016). In addition to a future increased need, there is already today 
a large shortage of housing in the municipality (Kommun, 2016). At least 
thousands of people are expected to have a need for a home already today. 
This means that the need for newly built housing is estimated to be more than 
158 per year in Borlänge (Kommun, 2016).  
 
4.1 The diagnosis of current situation  
In Sweden, the majority of energy use is electricity by 122 TWh, which is 
followed by energy from oil products by 91TWh and biomass via district heating 
by 84TWh in 2015 (López, 2016; SEA, 2018). Most of national electricity 
generation is from hydroelectric power by 37% and least of the electricity is 
from district heating by 4%.  
 
Energy sources are fossil fuel, natural gas, nuclear power, coal and oil products 
provide 148 TWh energy (heating and electricity). Dependency on fossil fuels, , 
particularly the usage of crude oil and oil products has declined sharply since 
1980 (SEA, 2018). Also since 1980, biomass has become the second largest 
energy source in Sweden by 134 TWh in 2015, which is followed by 
hydropower by 75 TWh and wind by 16 TWh (SEA, 2018). In Borlänge, the 
majority of energy, which is 70%, is provided from district heating with use of 
biomass. 90% of waste and boast of the city is recycled by Borlänge energy to 
be used as district heating. The north and northeastern part of Jacobsgårdarna 
have a pipeline of district heating, which has many links to other 
neighborhoods, while the southern part of neighborhood has a pipeline linked 
to one neighborhood, shown in Figure 15.  
 

 
Figure 14: Rate of utilization of renewable resources in Sweden 
(Energimyndigheten, 2017). 
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Figure 15: Distribution of district heating pipes in Jakobsgårdarna (Source: 
Borlänge Energy) 
 
4.1.1 Resource efficiency in Borlänge considering wind, sun, water 

and waste 
The Swedish Energy Agency provides incentives by tax subsidies to renewable 
energy installations, such as usage of solar, wind and hydro power, in case of 
surplus energy is sent to national electricity grid (Energimyndigheten, 2018). 
Tax subsidies are given the annual surplus energy after the used energy is 
subtracted from produced energy that feeds the electricity grid 
(Energimyndigheten, 2018). The amount of money paid as annual tax 
reductions per kilowatt hour is 60 öre and it is not paid more than 18 000 SEK 
as long as the income is stated (Energimyndigheten, 2018). Also, the 
installation expenses of renewable energy is subsidized by Swedish Energy 
Agency, which is 30% of investment costs with a maximum of 37 000 SEK plus 
VAT since 1st of January 2018 (Energimyndigheten, 2018). It is important to 
highlight the renewable energy potential of Borlänge city when evaluating the 
Jacobsgårdarna neighborhood.  
 
According to research of Falun and Borlänge Municipalities 2016, Borlänge has 
very few wind power plant to generate electricity in comparison to Falun and 
other cities in Sweden (URL, 2016). The wind energy potential in Falun is 
higher (URL, 2016). For the efficient use of wind power, Borlänge Energy 
developed a wind power project on the border of Ludvika and Borlänge cities in 
2018. The expected energy production will be 96GWh annually and is assumed 
to serve approximately 19 200 households by producing 5000kWh per house in 
autumn 2019 (Goth, 2018).  
 
A strategic plan of Falun-Borlänge gives information about how to develop 
middle and large scale wind farms (Municipality, 2014). The Falun and 
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Borlänge Municipalities recommend establishing wind warms in the forest by 
restricting construction other than wind tribunes. There are limitations of the 
establishment of wind farms in high density residential, which should not be 
closer than 1000 meters (Municipality, 2014). In addition, wind farm 
development is not allowed in small scale cultivation areas as well as utilization 
of lakes and streams to construct wind tribunes (Municipality, 2014). 
Information provided from energy agency reveals that, Sweden has 4 zones of 
wind power potential (Energimyndigheten, 2017). The first zone is in northern 
part of Sweden, while the fourth zone is in the Southern part of Sweden 
(Energimyndigheten, 2017). As shown in Figure 16, the maximum wind energy 
potential is in Solleftleå by the amount of energy between 186 and 341 MW 
(Energimyndigheten, 2017). One of the least wind energy potential is illustrated 
in Ludvika by the amount of energy between 36 MW and 52 MW 
(Energimyndigheten, 2017). 
 

 
Figure 16: Amount of produced energy by wind power in Sweden 
(Energimyndigheten, 2017).  
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Borlänge municipality highlights the importance of resource efficiency using 
renewable energy and does not recommend usage of oil and electricity for 
heating. Instead, the municipality recommends wind and hydropower for 
electricity production and district cooling for the buildings situate in central parts 
of the city (BorlängeKommun, 2010). In terms of solar energy potential of the 
city, Borlänge has yearly solar energy capacity of 900 kWh/m2, according to 
solar map, shown in Figure 17 (Vattenfall, 2017). 
 

 
Figure 17: Solar energy potential in Sweden (Vattenfall, 2017, p. 10). 
 
The Swedish housing and building authority has regulated installation 
applications of solar panels on buildings that require building permit if the 
façade or roof of the building undergoes a significant change or a neighbor 
building owner building complains about the façade (Boverket, 2010). Borlänge 
municipality explains necessity conditions of building permit for solar panel 
installation (BorlangeKommun, 2018a). As long as a building is in a detailed 
local plan area, has cultural historical value, protected by area specific rules, 
classified as national interest or marked as q value, solar panels should be put 
near the building and should not be taller than the original building 
(BorlangeKommun, 2018a). Moreover, the municipality has developed a solar 
map of the city that illustrates the solar energy potential of plots considering the 
proportion of roof and annual solar output, shown in figure (BorlangeKommun, 
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2017, 2018a). The potential of solar power of building roofs is ranked between 
1 to 20 and the median efficiency in the city is approximately 13 
(BorlangeKommun, 2017). Solar map is given the colors orange, yellow and 
blue that shows different energy classes considering the amount of solar 
radiation (BorlangeKommun, 2017). Orange shows the highest potential value 
of solar power (BorlangeKommun, 2017), while the blue colored roof areas 
show the lowest potential. Buildings in the middle of Jacobsgårdarna 
neighborhood show the highest potential, shown in Figure 18 
(BorlangeKommun, 2017).  
 

 
Figure 18: Solar energy potential of roofs in Borlänge (BorlangeKommun, 
2017).  

 
The area adjacent to Jakobsgårdarna was analyzed to understand the length of 
shading effect caused by buildings. Time length of shading, which has dark 
effect due to buildings found maximum 1 hour and shown by blue color. 
Shading affecting long distances was illustrated with light orange and the time 
length of this shading is approximately 4 hours, shown in Figure 19. 
 
The analysis has shown that, the northern and northeastern part of 
Jakobsgårdarna is exposed to the majority of sunlight. Research studies 
suggest not to situate schools and kindergartens in areas exposed to shading 
during long hours. In design process including the orientation of solar panels, 
this shading map is considered. Besides the orientation of solar panels, the 
subsidies for solar system installation given by Swedish government is also 
considered. Swedish Energy Agency promotes the usage of solar power by 
governmental subsidies within the renewable energy support 
(Energimyndigheten, 2018). County administrative boards manage the 
distribution of incentives to applications done by Boverket of behalf of 
applicants, who might be companies, public institutions or individuals 
(Energimyndigheten, 2018). The surplus energy from renewable energy 
production, regardless of type, is purchased by Swedish Energy Agency and 
paid between 10 and 50 öre per kWh. An individual or institution, who sells 
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surplus electricity should pay 25% VAT as long as the income of sales are 
more than 30 000 SEK per year (Energimyndigheten, 2018). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19: Sunlight hours analysis of areas adjacent to Jakobsgårdarna.  
 
Water 
Waste water treatment and water distribution plans were developed in 1970 
and since then similar technologies have been used in the country (Saraiva, 
Macedo, & Alkhado, 2018). In Sweden, the plant technology to clean and 
separate phosphorus from waste water works effectively that purifies 95-99% of 
water by elimination of phosphorus and organics. In addition, the water is 
cleaned from nitrogen by 40-80% in Sweden (Saraiva et al., 2018). In Borlänge, 
there are three groundwater sources referred to as Lennheden Vattenverk; 
Tjärna Vattenverk; and Frostbrunnsdalen, shown in figure, which provide 
drinking water to citizens (Länsstyrelsen, 2012, p. 4; Saraiva et al., 2018). The 
groundwater source is linked to a stream referred to as Badelundaåsen that lies 
between Siljan and Lake Mälren near Västeras city (Länsstyrelsen, 2012). The 
stream and underground water serve drinking water for 110.000 people in 
county (Saraiva et al., 2018).  
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Figure 20: Locations of water resources and its recycling facilities in Borlänge 
(Länsstyrelsen, 2012). 
 
In the city, 16 million liters of water is used every day, while waste, drainage 
and storm water are sent to water treatment plant. Drainage system carries 
sewage water from Domnarvet to Domnarsvallen through a line that locates in 
Dalälven to clean the sewage water in wastewater plants (BorlangeEnergy, 
2017; Saraiva et al., 2018). There are two wastewater plants referred to as 
Borlänge avloppsreningsverk and Lakerberget, shown in figure 
(BorlangeEnergy, 2017; Saraiva et al., 2018, p. 16). Additional two small plants 
are in Barkargärdet and Alderbäcken.  
 

 
Figure 21: Water recycling facilities in Borlänge 
 
Waste 
In Sweden, 83% of waste is discharged from mining, the remaining waste is 
generated from pulp and paper production; energy, water and construction 
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sectors; and from households (Turk, Quintana, & Zhang, 2018). The majority of 
waste gathered from households includes paper, plastic and textiles, which 
provides a potential for reuse and recycle to reduce greenhouse gas. Due to 
the recycling efforts of waste in Sweden, the rate of disposal of household 
waste by landfilling in sites quickly reduced more than other European 
countries (Kibert, 2016; Turk et al., 2018). The majority of waste generated 
from road construction. The recycling of construction waste does not lead to 
pollutions that risk human health in Sweden (Turk et al., 2018; Yates & Castro-
Lacouture, 2015). Environmental protection agency is working to develop a 
strategy for “a toxin-free environment” to reduce the impacts of waste on 
human health and environment. The plan is to increase landfill taxes to reduce 
landfill waste. This plan encourages reusing and recycling waste materials from 
households, industry and construction sectors (Boverket, 2016; Turk et al., 
2018).  
 
In addition, to mitigate damages of waste to human health, The Swedish 
Environmental Protection Agency (EPA) plans to increase the reuse, recycling 
and material utilization of non-hazardous construction and demolition waste 
from 50 to 70 percent by 2020 (EPA, 2017; Turk et al., 2018). Municipalities are 
responsible to allocate and manage household waste (EPA, 2017). Building 
regulations of Sweden requires each neighborhood or adjacent neighborhood 
to reserve a place for gathering waste. According to municipality there shall be 
spaces for the handling of waste near or adjacent to a building that can be used 
by all users of each neighborhood (Boverket, 2016; Turk et al., 2018). The 
Swedish National Board of Housing’s (Boverket) building construction 
regulations provide general guidelines in terms of material and product 
selection relevant to the building requirements, and economically reasonable 
working life. However, there are no specific guidelines for material selection, 
human health impact or waste disposal from an LCA perspective (Boverket, 
2016; Turk et al., 2018).  
 
4.1.2 Urban agriculture projects and recent affordable housing stock 

in Borlänge  
In Borlänge, Sinnestro park and green house (Sinnesro Parken med 
Depåträdgård) as a part of a large sport facility has just been proposed to 
Borlänge Energy in 2018 (BorlangeKommun, 2018b). The park includes urban 
agriculture, which is close to Jacobsgårdarna, shown figure (BorlangeKommun, 
2018b). The municipality stimulates local producers to increase the proportion 
of organic farmland and production. To do this, various activities were planned, 
such as discounted rental fee for organic farming in relation to conventional 
farming. The ecological transformation should be a driving force for economic 
growth, which gives Borlänge’s business energy consumption and cooking 
methods. The municipality targets to increase consumption of organic food 
(BorlängeKommun, 2010).  
 



 37 

 
Figure 22: Proposed sport facility area including urban gardening in Borlänge. 
 
Housing and social structure 
There are three neighborhoods that consist of affordable housing stock in 
Borlänge. The affordable housing stock is municipal rental housing, in Swedish 
“allmännyttig”, and referred to as Jakobsgårdarna, Tjärna Ängar and 
Bullermyren. These areas are characterized as particularly socially vulnerable 
areas, which have high proportion of people with foreign background (outside 
of Sweden, Europe and English-speaking countries) and have low socio-
economic status (Trumberg & Håkansson, 2012). People who leave Borlänge 
between 1993 and 2008 have higher income than those who move in the city 
(Trumberg & Håkansson, 2012). According to Police report of 2017, a 
neighborhood in Borlänge is in the danger zone and under the risk of 
deprivation among 61 other areas of Sweden, if the right measures are not 
taken, shown in Figure 23 (Polisen, 2017). The neighborhood is referred to as 
Tjärna Ängar. The danger zone is characterized by low socioeconomic status in 
the area, criminals have an impact on the local community and state is 
informed to take actions about the condition of the area. There has been 
growing inequality, rising unemployment and declining school performance for 
10-12 years. As a result, no investments have done for in job creation and 
education.  
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Figure 23: Risk areas in terms of crime and neighborhood deprivation (Polisen, 
2017). 
 
According to research done by Shadi, Sulaiman, and Almsalati (2018), 
population is projected to increase by a total of 2 445 people between 2016 and 
2021. This means an average increase will be 489 people per year and the 
population grow will be observed in all neighborhoods except Halvarsgården 
and Idkerberget (Shadi et al., 2018). The highest growth of population will 
emerge in Bullermyren and Jakobsgårdarna, shown in Figure 24 (Kommun, 
2017; Shadi et al., 2018).  
 

 
Figure 24: Population projection between different neighborhoods of Borlänge 
from 2016 to 2021 (Kommun, 2017).  
 
Even though there was in increase in housing construction in Borlänge in 2013 
and 2014, there is still lack of housing now. The figure below shows the number 
of newly built homes in Borlänge municipality between 1990 and 2015, as well 
as a forecast of the increased need for new housing in 2016-2035 (Kommun, 
2017; Shadi et al., 2018). Between 2017 and 2019, housing construction is 
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expected to increase and be higher than the municipality's target of 
approximately 250 homes per year, shown in Figure 25 (Kommun, 2017; Shadi 
et al., 2018). The consequence of this maybe that young people in Borlänge 
who want to move away from home cannot find any home (Shadi et al., 2018). 
The same is for people who wish to move to the municipality for work or study 
(Kommun, 2017; Shadi et al., 2018).  
 

 
Figure 25: The number of housing construction in Borlänge between 1990 and 
2016 as well as future housing projection until 2034 (Kommun, 2017). 
 
5  Specify objectives and recommendations  
As it is explained before, SymbioCity approach was used for this study and first 
step was to define sustainability by reviewing Swedish practices. Selected case 
study examples from Malmö, Gothenborg and Lindköping use energy efficient 
housing systems and uses urban agriculture practices to encourage people to 
communicate each other. Frihamnen Gothenburg and Vallastaden examples 
were focused on tenant-mix concept to provide social mix; however, Frihamnen 
project include different rent level housing units to accommodate different 
income level people.  
 
5.1 Result 1: Theoretical findings from background cases for 

energy efficient affordable housing 
In Frihamnen project, 35 square meters energy efficient affordable house can 
be rented by 3500 SEK, which was produced by public private partnership 
aiming of meeting the need of affordable rent for people who are at risk of 
poverty. The amount of affordable rent for people at risk of poverty is 
approximately 3354 SEK for a single person in 2015. As a result, any house 
that has produced in last three years is not affordable for a single person at the 
risk of poverty according to findings of literature review. However, the rent of a 
35 square meter SABO house for a median income single household is 
affordable. Since a median income household earns approximately 22 363 SEK 
monthly and a SABO house is rented with 4837 SEK monthly, which is less 
than 25 % of monthly income of a household.  
 
If it is compared with SABO energy efficient affordable housing examples, 
which has the minimum amount of rent by 5 250 SEK, Frihamnen project is a 
success. Vallastaden project has innovative strategies for land allocation and 



 40 

energy efficient housing. Vallastaden, Linköping has different land allocation 
method, which promotes self-built housing due to reluctancy of investors to 
construct housing. Also, Vallastaden has flexible and energy efficient housing 
example, which demands 42 kWh for 55 square meter area for a one room 
house, but it can be switched to 5 rooms. The surplus electricity to grid can 
meet the electricity demand of house appliances for a 100 square meter house 
for one year. The capital levied from surplus electricity might have been cross 
subsidize the costs of the construction of affordable housing units. However, 
Vallastaden project did not include any affordable housing project. Passive 
houses are used in Vallastaden, while PV panels produces electricity, shown in 
Table 1.  
 
Table 1: Comparison of energy efficient affordable housing in background 
cases.  
 Rosengård, 

Malmö 
Augusten
borg, 
Malmö 

RiverCity, 
Frihamnen, 
Gothenburg 

Vallastaden, 
Linköping 

Size of 
project area 
and 
population  

23 000 
people 

20-hectare 
land, 3000 
people 

15000 people 20-hectare 
land, 1000 
people 

Construction 
year 

2014 1998 2018 2012 

Tenancy 
type and 
number of 
housing 
units 

Renovated 
municipal 
rental 
housing 
stock 

Renovated 
municipal 
rental 
housing 
stock 

50% of housing 
stock is rental 
and 16% of 
them are 
affordable: 500 
units 

Tenant mix by 
950 student, 
180 owner-
occupied, 78 
town houses 
and 13 villas  

 
In terms of defining sustainability from the review of selected cases, to achieve 
social mix, a monthly rent for an affordable rental housing for a low-income 
person was practiced as 1000 SEK per square meter by a public private 
partnership in Frihamnen project in Gothenburg. As explained before, in 
Swedish context, less than 50% of median income is calculated approximately 
as 8900 SEK, which is an income of a person at risk of poverty. If a 25 square 
meter single person house or student house can be rented with 2500, a person 
at risk of poverty can rent this apartment. Also, as a part of social strategies to 
provide social sustainability, collaborative actions can be developed for either 
increasing local employment rates with for example a creation of local start-up 
companies, which also promotes energy efficient development with renewable 
technologies. Renting plots for agriculture is practiced by restaurants and 
induvial in Frihamnen is encouraging for a healthier life and producing national 
vegetables.  
 
Also, social bongs can be created similar to Augustenborg example with green 
roof system teaching course s and field trips, while common kitchen helps to 
cultivate relationships by cooking in Rosengård case. As common in all cases, 
a collaborative action, such as collaborative entrepreneurship, usage of 
transportation facilities such as bike or car-pooling help both creating 
relationships and social sustainability. In terms of environmental sustainability, 
storm water management facilitates efficient usage of water and creation of 
recreational areas, such as in Augustenborg case. The usage of biogas 
supported with fuel by waste management such as in Rosengård and 
Frihamnen cases are beneficial strategies to use resources efficiently.  
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To sum up, special strategies for land allocation to produce energy efficient 
affordable housing, collaborative ownership of start-up companies, common 
kitchens and restaurants, usage of solar panels, experiencing urban agriculture 
on rented public land, waste and storm management are the components of 
sustainability, which are learned in this research with literature review. 
  
5.2 Result 2: Empirical findings 
This part consists of empirical findings gathered from interviews with five 
actors.  
 
5.2.1 Stakeholder participation with interviews 
In terms of SymbioCity approach, learning the ideas of stakeholders for 
Jakobsgårdarna project is very important. It is observed that, stakeholders, 
which are from municipality, municipal housing company, municipal energy 
company and management of local industry organization have various ideas 
and they have positive expectations of sustainable neighborhood design in 
Jakobsgårdarna. Constructive ideas of stake holders can be combined if they 
come together for brain storming; however, organizing a meeting is hard due to 
low level of communication in advance. Some stakeholders, such as municipal 
housing company and the municipality seems to mean some design ideas for 
sustainable neighborhood in Jakobsgårdarna is utopic since energy efficient 
development is a new topic for Borlänge and there is lack of infrastructure and 
finance to realize a project, which is similar to Vällastaden. Even though they 
claim that municipality learned a lot from Vällastaden project which has 
constructed in 3 years, Borlänge cannot attract as much investments as in 
Linköping due to its size.  
 
On the other hand, manager of local industry organization believes that, 120 
companies and labor force in Borlänge are capable enough for innovation and 
implementation of recent technological development. However, many of 
companies have not been given any possibilities to share their ideas except 
three national powerful construction companies that are dominated in Swedish 
building sector. Borlänge Energy has been following recent improvements in 
renewable energy systems with their high skilled employees and they have 
enough skills for planning new energy technology. The missing action is 
observed as creating boundaries between stakeholders from university, private 
sector and public sector to make them be members of an interdisciplinary team 
work to create new ideas for Jakobsgårdarna. The following part consists of a 
detailed interview report that include the responses of interview and the 
discussion about interview findings. The interview includes affordable housing 
and social segregation; energy efficiency and affordable housing; public private 
partnerships; social issues and local economic development; and urban 
agriculture.   
 
Affordable housing and social segregation 
The Municipality of Borlänge wants to produce new housing with tenure mix. 
The reason according to municipal officer, who is responsible for the new plan 
development in Jakobsgårdarna, to cope with the remarkable segregation in 
city. Municipal rental houses, which were constructed within the 100 million 
housing programs in neighborhoods were mostly large scale projects. This 
means majority of them are affordable housing. The houses built with this 
program does not provide different tenure types. For example, Tjarna Anger 
neighborhood have detached houses around the neighborhood, reside people 
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who non-native background and mostly Somalians with low level of education 
and unemployed. It is mentioned that there is no connection between 
affordable housing neighborhood and surroundings except the primary school. 
Therefore, according to the officer, segregation is more observable in education 
due to the success of the school in this neighborhood, which is is lower 
compare to other schools. The statistical data from the municipality supports 
the argument of the officer. A map provided the share of students by districts 
who are qualified for a secondary school education. It is observed that, the 
districts illustrated with yellow have 40 and 50% students have success to enter 
secondary education between 2014 and 2016. For example, the share of 
students living in Jakobsgårdarna to enter secondary education is between 50 
and 73%. However, the neighboring residential area to Jakobsgårdarna has a 
sharp contrast in education, in terms of students’ success, 94-100% of which 
are qualified for a secondary education.  
 

 
Figure 1: Socio-economic change in Borlänge. 
 
It is not only important for an individual himself to have decent education and 
work but also his children to continue to school and then to engage in job 
market. The reason is understandable from statistical data, which shows the 
students have higher success have families with higher education and stable 
jobs. On the other hand, people who are long term unemployed and dependent 
on state benefits cannot help their children to be successful in their education, 
since the majority of them have only primary school education. 
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Figure 2: The share of people who only have upper secondary education.  
 
The proportion of people with only primary education differs very much between 
different areas. For example, in Tjärn Ängar, almost half the population aged 
between 20 and 64 years have only primary school education, which affects the 
connection between residents of adjacent neighborhoods. Families live around 
and in Tjarna Anger do not want to send their children to this school. Instead, 
they prefer another school which is far from this neighborhood. Therefore, 
housing segregation is a problem in both in this neighborhood and in the 
surroundings, which can be monitored in school’s education and tendencies of 
families for selecting schools. Therefore, a primary school in Tjarna Angar is 
one of the essential parts of new development project of Jacobsgårdarna, 
which aims to cope with segregation in education, according to the officer in 
planning development office. Tenure mixes by including affordable, private 
rental, cooperative and detached houses in development plans is another 
essential part of Jacobsgårdarna development plan, which is explained by the 
officer as, 
 

“We want to build every type of housing. We need houses. We need small 
apartments, big apartments, but the most important thing is to build. Housing 
the for people who don't have so much money. We want to build housing 
that everyone can afford because building is now expensive like I said before 
so. Right now, we build but we don't build for everyone. That's the problem, 
you see and it's very hard because it's expensive to build housing today”. 

 
An architect in the municipal housing company, who was a former project 
planner in municipality developed essential planning principles for 
Jakobsgårdarna has parallel ideas compared with the municipality. He 
mentioned that they plan a social mix for Borlänge by tenant mix projects. 
Municipal housing company has recently established a company in 
collaboration with a private company and trading modular housing units from 
Estonia. They have started to construct four story buildings by using housing 
modules in a neighborhood consists of villas, which will include cooperative 
housing with municipal housing company project. To realize the project, the 
municipal housing company has used state funding.  
 

Highest share in the 
municipality 

The lowest percentage 
in the municipality 
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Energy efficiency and affordable housing 
Public officer from municipal housing company, Tunabyggen, has been working 
to solve the affordable housing production problem, which has high 
construction costs. He emphasized that, the land is not expensive similar to 
large cities such as Stockholm, Gothenburg and Malmö. The most expensive is 
the construction and materials. He also mentions the state aids to build new 
housing to private companies and municipal housing companies to keep the 
rents lower for the people who cannot afford housing. The municipality also 
support the idea of energy efficiency, even though he said this is very new for 
Borlänge. It was expressed by the municipal officer responsible for housing 
about any regulation to design different types of housing in one building or 
room in the room to provide energy efficient housing as: 
 

“At the moment, we have no plans to regulate apartment areas, number of 
rooms or common kitchens in the detail plans. Usually we try to not be too 
specific in the plans, and a lot of things is also hard to regulate in a detail 
plan. But we are still early in the process, and all this will be investigated in 
the further planning work. Land allocation agreement could also be a 
solution to find companies that build sustainably. Because the process is still 
at an early stage I can´t answer what measures that will be taken in 
formulating plans, contracts and tenders for new housing that will support 
energy efficient development”.  

 
There is no municipal subsidy to promote energy efficiency in housing, but state 
provides some via energy agency of Dalarna. Municipal officer mentioned that; 
they have a success of energy efficient renovations of affordable housing in 
Tjana Ängar by keeping the rents are affordable for residents. Another example 
a sustainable development project that they inspire is referred to as 
Vallastaden. The municipality has had field visit to see the technology used and 
the built environment created with energy efficiency targets. He mentions that 
the constructions were completed quite fast, in two or three years since private 
companies are willing to invest in Linköping, which is not the same for Borlänge 
so far. That’s why it is important to attract private companies with urban 
development projects not only to improve the quality of life of people living in 
Borlänge but also to provide opportunities for people to prefer living and 
working in Borlänge.  
 
The head of planning department of Borlänge municipality mentioned that they 
have been researching sustainable energy methods, how to achieve 
sustainable traffic and storm management. Borlänge Energy has provided a 
storm management plan that they have been discussing. Also, architect of 
municipal housing company has had creative ideas for new housing 
development that they have tried to realize before. He mentions as: 
 

“There have been discussions that the municipality can build houses, 
semidetached that you can rent the houses for 5 to 10 years to make a 
capital to buy the house to be a cooperative housing, but it is not. We don’t 
have any passive house example yet, there has been very successful 
houses that we have been renovating with ventilation. Renovation that the 
tenants are still living while the renovation is ongoing. The first result has 
been done 4 or 5 weeks ago. The energy efficiency is substantial”.  

 
The architect of municipal housing company mentions that energy efficiency is 
a new topic for Borlänge. The answers from the municipality and the municipal 
housing company give an anticipation that there are very few technical people 
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have knowledge about how to design and implement energy efficient housing. 
New partnership to produced affordable housing has just been established by 
municipal housing company and the number of energy efficient housing 
projects are expected to increase in time. The architect of municipal housing 
company mentioned that the municipality has comprehensive plans that aim to 
construct 200 and 300 houses each year and Jakobsgårdarna has the largest 
land reserve, which is near the city center. He also gives information about the 
houses that have been constructed in Jakobsgårdarna using energy efficient 
technology as:  
 

“Our goal is to spend no more than 70 kilowatts energy per year in every 
bidding for a new house. In Jakobsgardarna with joint venture, we have solar 
cells, in the same area we have two other interested parties on their way in, 
they have solar PV on their houses. The buildings are 7 story houses and 
solar panels on the roofs. The usage of PVs on façade might be very 
expensive, we do not have enough economic strength to do that so far. The 
7 story buildings may include PV panels on the balconies. Also, PVs are on 
the car garage. We can do energy efficient design as far as we can. Now, we 
are looking for the new ways to handle the garbage through. This issue is 
not very specific, we are using it in fewer placement, also under the surface 
collecting the waste. By this way, people can get rid of some of the smell. 
Collectors are used to waste, which go under the ground”.  

 
Borlänge energy has plans for Jakobsgårdarna area with fourth generation 
district heating that is in test and development process, which will be finished 
next year. Borlänge Energy has low energy with incoming pipe for fourth 
generation district heating. One of the manager in Borlänge energy explains the 
system as: 
 

“We are discussing a new pipe close to Tjana Anger and goes to 
Jakobsgardarna. We will use it in Jakobsgårdarna. It is not so much 
developed. Where they use this instead of 80 degrees or 83 degrees, they 
go with 52 degrees to have a better energy efficiency. You know when you 
come to heat exchange in a house, you mix it with cold energy. It is not 
more than 30 or 35 degrees. So this is a new area where they are checking 
in Borlänge Energy”. 

 
In addition, Borlänge Energi considers differences between different systems 
for distribution and production of sustainable energy (e g heat pumps, district 
heating) and energy efficient building technology (zero energy housing, 
different materials etc) when it comes to the costs and possibilities for 
affordable housing. Borlänge energy sends an invoice for broadband, heating 
and electricity water and wastewater treatment. Borlänge energy measures 
each apartment with an exchanger for electricity, meter of water and energy. To 
calculate the consumption of each house with a signal, which gives the amount 
of consumption of each apartment. In terms of neighborhood level waste 
treatment, Borlänge energy do not have a billing system for waste collection.  
 
Public private partnerships 
The municipality has finished the planning of south part of Jakobsgårdarna and 
detailed plans were voted without any complaints. The municipality waits for the 
implementation stages, which will start with construction by some of the private 
companies. In addition to this, a techno park in Borlänge, close to 
Jacobsgårdarna and Dalarna University has a potential to establish bridges 
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between municipality, private companies and residents, which was expressed 
by the municipal officer as: 
 

“It's important to have a good cooperation with companies, manufacturers 
and everything like that because we want that they invest in”.  

 
Borlänge has a history of being an industrial city with various industries and 
offices. The office area referred to as Teknikdalan do not include any 
residences; therefore, this area and nearby park are not visited by people in 
night and during weekends. Therefore, people feel unsafe to visit there in 
nights due to darkness and silence in the area. The designed plan for 
Jacobsgårdarna also includes residences to build close to here to make the 
area more crowded and livelier during the evenings and weekends.  
 
A local economic development strategy for people who are long term 
unemployed is necessary for people living in neighborhoods dominated by 
municipal rental housing such as Jakobsgårdarna and Tjarna Ånger. As it is 
mentioned by the municipal officer, municipal housing company, Tunabyggen 
has not only the responsibility of building affordable housing but also social 
responsibility to develop solutions for segregation and social problems such as 
unemployment. There are connections between Dalarna University and 
industries in Teknikdalan area to develop research, which also can include to 
design strategies for local economic development. High skilled employees and 
people working in service sector, students as well as people who seek 
employment bring a potential for community development strategies. The head 
of planning department of Borlänge municipality also talked about how they 
cooperate with companies and listen their ideas for planning and land 
development. He mentioned as,  
 

“We try to invite companies and share information with them that both of us 
can discuss issues. Right now, we don't have any sort of organization that 
creates a platform with industries or students. Some we work in the in the 
planning part and we don't really have that kind of connection yet, but it 
might be available in sometime”.  

 
Even though the municipality mentions they do not have any connection or 
platform to discuss planning or strategies for sustainable development in 
Borlänge, for example in Jakonsgårdarna, Byggdialog Dalarna complains about 
that the municipality only listens three large companies that are dominated in 
the market out of 120 companies from various sectors in Borlänge. Manager of 
Byggdialog Dalarna expresses the situation as:  
 

“120 companies from the construction business. Of course, they are 
interested in and we're trying to get them more interested. There should be a 
system in Tunabyggen and the municipality, they have to invite them. You 
can't sell parts of the area, plots to them without putting any amount. If one 
of the companies here is more interested in and more with innovation ideas. 
They have to do the system. Tunabyggen and another municipality support 
some companies not the others. So, okay, so they have to have a price and 
also other factors. Then, you get points from some sort of innovation system 
and so on…..” 

 
Byggdialog Dalarna tries to explain how planning monopoly and planning 
agreements with private companies can be used for land development work. 
This system has been widely used in the UK, known as planning gain with law 
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number Section 101 in housing. Planning monopoly has also been used in 
Sweden but it has been abolished with a legislation change in 2015 in Sweden, 
to reduce the autonomy power of municipalities and to make the state control 
more the planning process (Granath Hansson, 2017). Planning monopoly can 
have some benefits to provide public good as mentioned by Byggdialog 
Dalarna. However, in Sweden, it strengthened private companies that are 
already strong, reduce the competition in the market and led municipalities in 
Sweden sell land more to private companies for new developments, instead of 
using of land for affordable housing construction. Many lands reserved for 
affordable housing construction on municipal plans did not start and kept only 
in planning level (Granath Hansson, 2017). Byggdialog Dalarna explains more 
about how private companies contribute to plan making and how innovation 
can be provided by private companies as:  
 

“I talked to the municipality and to Tunabyggen that they have to open their 
minds to the whole sector. All our companies hundred and twenty companies 
have the opportunity to support Jakobsgardarna and then you got to have a 
system that evaluates those ideas. For example, a company with ideas can 
go to municipality and they must have some the system consideres 
companies with ideas. Municipality has no system for that. When you have 
those kinds of ideas you can get them points or something. Then you take 
the price and ideas together and say this company can bu. Perhaps there 
are five companies that are interested in the same plot. Then they point the 
company considering ideas. 
 
The normal system is to sell the plots. As normal, if the company has money 
and buy it. Simple. Jakobsgårdarna is a test base case and will be an 
example of sustainable development. In Malmö, Gävle, Stockholm, 
Vallastaden. Linköping, Velverum in Norway, there are plenty of land 
development models. They have to do a model for Borlänge, otherwise it will 
not be sustainable project” 

 
As Byggdialog Dalarna and Tunabyggen mentioned, there are three companies 
that shape the market conditions. For example, housing construction is very 
expensive in Sweden. Modular housing has been produced cheaper than 
traditional methods; however, there is a monopoly of construction companies in 
Sweden, which consists of three large companies are dominated in the market. 
The companies are determiner of prices of houses. Byggdialog Dalarna 
mentions that,  
 

“It's a market. They can produce cheaper, but they don't sell the 
modules cheaper. They do what they want and can. I think it's very very 
difficult to build cheap buildings, you cannot get enough quality with cheap, 
or if you do that, you need to separate people from each other. So, you can't 
do that; poor people live in one area and rich people live in the other areas. 
You cannot segregate people, or you can't build cheap buildings.” 

 
Dominating companies have connections with Borlänge municipality for years 
and the municipality takes their decision before plan making and deciding the 
price of municipal land before selling it. Public companies, which are 
hierarchically lined to each other do not have strong relationships, mentioned 
by Byggdialog Dalarna as: 
 

“For Jakobsgårdarna today, companies are interested in Jakobsgardarna 
and want to build test base for their products and their services. But 
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Borlänge municipality and Tunabyggen they do not have a system they do 
not organized yet. they do what to do, Borlänge Energy do what to do but 
they do not want to cooperate”.  

 
Social issues and local economic development 
The employment levels in Borlänge differs among neighborhoods. For example, 
35,5% of the population is employed in Tjarna Änger, 46,6% of population in 
Jakobsgårdarna and 54,6 % in Bullemyran, while Jakonbsgårdarnas by has the 
highest proportion of employed population with 92,3%. The shares of 
employment might not give a clear picture due to the share of people who are 
still students. However, the percentage of people on state benefit as the main 
income gives a clearer picture. Jakobsgårdarna has the second largest 
population having state benefits as a main source of income by 18,8 % in 
Borlänge, shown in Figure 3.  
 

 
Figure 3: People aged between 20 and 64 old who has been receiving financial 
assistance in 2016.  
 
The municipal departments have been working on the problem of long-term 
unemployment and have cooperation with private sector to get people 
employed. Also, state institution provides vocational education and other 
supporting education to people to be trained and become employable. So far, 
150 people have been provided employment with municipal strategy. The 
municipal officer expresses the situation as, 
 

“We have a coordination with Arbetsmarknad in Borlänge and they work a lot 
on unemployment issue. They want to get the people in jobs and they want 
to them in subordinated jobs. We have a lot of that political actions to get 
people in work and they get money from the states, but they don't get it from 
companies”. 

 
In Borlänge science park, main construction companies are located, which sell 
housing construction materials and renewable technology equipment. There 
might be a cooperation with local industry and local people who are 
unemployed. It has been tried with Bright houses project in Birmingham, UK. In 
Sweden, according to Byggdialog Dalarna, the municipal housing company in 
Örebro had the similar project, which is explained as:  
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“If Tunabyggen wants to address demands then we can have workers in the 
area, construction workers, they exist. We did the same in örebro and 
Uppsala. The municipal company owns the buildings, put demand on the 
constructor company requiring them to employ local construction workers 
from the area, maybe 4, 5 or 6. It does not matter, the company got to take 
the workers. The area of the project is Vivalla in Orebro. It is the same type 
of area like Jakobsgårdarna. In Malmö, they have done the same. Municipal 
housing company has the responsibility to improve the people living there to 
make them work like help them to be integrated work. Tunabyggen has 
resources for the unemployed people that Tunabyggen is responsible for 
their integration same as the municipal company called Orebrostaden”  

 
In terms of Malmö example, where municipal housing company has created a 
cooperative for wind turbines and wind energy, Tunabyggen can make such a 
startup investment. Byggdialog Dalarna mentions as:  
 

“I think Tunabyggen should build the solar cells and then sell parts of them to 
the inhabitants who lives in the area. You can buy just 400 SEK and you can 
buy next month. You can buy 400 SEK more and so on. So, I think 
Tunabyggen has the opportunity to do something about that. Why not to 
build a big solar plant and then sell it to the inhabitants? First the 
neighborhood and second if some energy left, they sell it to the grid”.  

 
The head of planning department of Borlänge municipality mentioned that they 
have many ideas for the development of Jakobsgårdarna, which will include 
new meeting places for people. They developed a mobility house near the 
school that include daily or hourly rentable shops, which can either be used as 
car parking spaces. Therefore, people can easily rent and sell their products or 
fix bicycles in these shops. The head of the planning department of Borlänge 
municipality gave information about their parks that people can visit, called 
Banana Park close to school, which can be visited by the residents already 
living there as well can attract other people to spend time. The head of the 
planning department mentioned their places designed for people living in Tjana 
Anger to make them more social. He mentions:  
 

“We introduce new meeting places or spots in some kind of way, whether 
that's a store or a community center that people can meet in Tjana Änger. 
But of course, it's difficult being in a small town like Borlänge, to create 
opportunities, opening a store or whatever but also it's part of social 
inclusion”. 

 
The built environment is an important factor to reduce the stress level of people 
and encourage them to work. One of the elements is urban agriculture which 
brings the feeling of responsibility, cooperation and communication to make 
people interact between each other. Borlänge energy, which is connected to 
Borlänge municipality, a non-profit organization that not only provides energy 
but also design parks, green houses and urban agriculture areas on behalf of 
municipality.  
 
Urban agriculture 
Municipality has just developed a children park area in Tjarna Anger that help 
children to spend their time with friends in open space. There are allotment 
gardens in Tjårna Anger that people can do urban agriculture and there has 
been another large urban agriculture facility is one under construction. The 
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head of the planning department mentioned they provide rent reductions for 
peoplewho wants to do urban agriculture by renting municipal land. The head 
of the planning department states that urban agriculture has a long history in 
Borlänge and they want to remind the people their history. That’s why they 
have many plans for urban agriculture. He mentioned as:  
 
 

“The old Borlänge was planned for agriculture, of course. We have been 
thinking urban agriculture could be a way to talk about the history, which is 
about the development of Borlänge through the agriculture history. Maybe 
we use agriculture in some parks. We use a lot of agriculture land we will still 
want to keep some opportunity for agriculture”.  

 
5.3 Result 3: Design proposal for Jakobsgårdarna 
Jakobsgårdarna has a central location close to University of Dalarna, 
Trafiksverket, the central train station and neighborhoods consisting of 
affordable housing areas, shown in Figure 26. The proximity of Jakobsgårdarna 
to the facilitates enables people to reach the public spaces quickly. A 
sustainable neighborhood design for Jakobsgårdarna should meet the needs of 
people, who live or work adjacent or close by. 
 

 
Figure 26: Surrounding areas that have potential to affect Jakobsgårdarna. 
 
The aim to design a sustainable neighborhood is a socioeconomic 
development to integrate low income residents to community by designing 
urban gardening and energy efficient housing. To achieve this aim five 
objectives are used during the design process:  

• designing two cycling paths (fast and slow routes) to connect 
neighborhoods,  

• promote community gathering locations based on urban gardening and 
cycling paths,  

• organizing a collective finance system for socio-economic development, 
• designing energy efficient affordable housing, 
• providing social mix by designing different tenure housing. 
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Public transportation is important to create oil and fossil independent 
community in sustainable neighborhood design; therefore, cycling roads were 
designed for Jakobsgårdarna. Two cycling roads, one is fast cycling road for 
people to commute every day, who are in rush and another is for people, who 
cycle slowly for leisure in the area. In addition to recent bus transport, a car 
sharing system, a similar of which has been used in Copenhagen, was 
designed for Jacobsgårdarna. A sufficient location for car parking in energy 
efficient housing area was selected, which includes a large parking lot. The roof 
of parking lot was covered by solar panels and provided energy by soler panels 
are expected to charge electric cars. The usage of electric cars is planned as 
collective by a membership to a Non-Governmental Organization (NGO). A 
conceptual map of Jakobsgårdarna is illustrated in Figure 27.  
 

 
Figure 27: Conceptual map of Jakobsgårdarna neighborhood design. 
 
Members of NGO can rent keys and see the availability of cars from a mobile 
application by paying a membership fee. The designed cycling path that 
connects squares, community meeting houses and urban gardening aims to 
attract people for spending time together. Recently, a supermarket called 
Hemköp and main street of Tjarna Ängar have been randomly used by men, 
who come from Somalia for meetings and chats. Organized and secured areas 
for community gatherings can help people to create connections with 
community, which are shown in Figure 28. An open market space was 
designed for residents that can sell their traditional culinary, grown vegetables 
and second-hand goods. A community restaurant was also designed with a 
community kitchen, where people can cook together and can be rented with 
low rents to serve their own cooked food for the visitors of the area as well as 
students. An ice-skating platform was situated between café-restaurant and 
community restaurant. The figure also includes a mixed-use housing area, 
community places and urban gardening in the area. Housing part is explained 
in following section.  
 



 52 

 
Figure 28: Community places and mixed housing area with designed number of 
housing units.  
 
A mixed used low scaled neighborhood based on 2 story houses were 
developed as tenure mixed, even though their energy efficiency capacity were 
not analyzed. For a tenure mix, 38 housing units including affordable and 
cooperative housing as well as villas were placed in same neighborhood. On 
the other side of the road, 12 more housing units consisting of two villas and 
affordable housing were designed, all of which were close to community places 
to keep the residents together, shown in Figure 28.  
 
5.3.1 Design with wind 
As it is explained before, the wind in Jakobsgårdarna is not sufficient to use 
wind power. Therefore, wind energy was not considered for design process. 
 
5.3.2 Design with sun 
A sun study has done for new a new design of Jakobsgårdarna. The sunshine 
hours analysis gave the darkest shadowing that takes half an hour, as 
illustrated by blue. The darkest shadowing does not exist in new designed 
neighborhood, since the proximity between buildings were designed 
considering the blue areas. Dark shadowing, shown by purple and takes one 
hour is quite a few. Purple areas cover only residences, which were affected by 
the shadow. As it is mentioned before, education places were not placed in 
purple areas. shown in figure. As it was understood from the solar map of 
Jakobsgårdarna municipality, south part of Jakobsgårdarna has maximum 
potential to use solar power; therefore, roof of parking lot, where PV panels put 
and geodesic glass domes for urban gardening faced with south face of the 
area. The Figure 29 illustrates the exact orientation of land, which includes 
north and south sign on it. The south west of the land includes four energy 
efficient building blocks, solar roof to charge electric cars and urban gardening 
facilities.  
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Figure 29: Design of Jakobsgårdarna and its sun study. 
 
Design with sun was implemented with placing PVs on facades of four 
residential buildings. Three of housing blocks consist of housing for students 
and single people and one block consists of a mixed tenant housing consisting 
of single and family housing units. To analyze the number of PVs on facedes, 
the strength of shadow effect and the amount electricity produced, a help 
provided by a master student in ESES, who used PVsyst software for analyzed. 
The buildings covered by PV panels are shown in Figure 30.  
 

 
Figure 30: PV covered facades, water tower, waste storage cylinders and 
recycling unit 
 
The software gave the renumber of used PV panels, their tilt and azimuths, 
daily and medium amount of electricity produced for one year as well as energy 
losses due to thermal bridges and shading of PV panels. 132 panels put on 
south and north façades, while 204 panels put on east and west facades by 90 
degrees angle. Mono-crystalline Si PV panels were selected because of its cost 
efficiency. STC efficiency of PV module is 17.88 %, while the dimensions are 
164 cm and 99.2 cm. The maximum power of PV panel is 290 Wp, shown in 
Table 3. 
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Table 3: Information about PV modules.   

Azinuth 
(⁰) 

Tilt 
(⁰) 

# PV 
modules 

Power 
installed (kW) 

Inverter size 
(kW) 

South 0 90 132 38.3 36 

North 180 90 132 38.3 36 

East -90 90 204 59.2 50 

West 90 90 204 59.2 50 
 
Azimuth of PVs on south façade is 0, 180 degrees of PVs on northern façade,  
-90 degrees on eastern and 90 degrees on western facades. Effective energy 
at the output of the array referred to as Earray and calculated as 108.77, while 
energy injected into grid found as 105, 04 MWh, shown in Figure 31. 
 

 
Figure 31: Monthly calculation results of irradiation, ambient temperature and 
energy.  
 
The maximum useful electricity production per day is in June, then in May and 
July by 2.6 kWh and 2.5 kWh respectively, as shown in figure. The minimum 
useful electricity produced per day is 0.3 in December as well as in January 
and November per day by 0.4 kWh. PV array losses are maximized in June and 
July then in May and August by approximately 0.5 kWh. A monthly median 
produced useful energy is 1.48 kWh per day, as shown in Figure. 
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Figure 32: Normalized daily energy amounts in each month for one year.  
 
5.3.3 Design with water  
According to the study of Dias (2018) precipitation in Northern Scandinavia has 
drastically been increasing by 3-15 percent per decade between 1979 and 
2005. In Sweden for the next century, precipitation is predicted to increase from 
0 to 40%((SMHI), 2018). In spring snowmelt is expected to decrease, so food 
risk will reduce along rivers and lakes in central and northern Sweden, but 
northwest is supposed to increase (Dias, 2018). To reduce the risk of flood and 
reduce the water demand, retention tanks and water towers were designed for 
four buildings in energy efficient housing (Dias, 2018). 252 housing units were 
considered, which have 1689 square meter roof area for 655mm yearly 
precipitation gathered in 2,35m diameter tank (Dias, 2018), shown on Table 4 
below. 
 
Table 4: Considered information to develop water harvesting plan for energy 
efficient housing area in sustainable neighbourhood design project (Dias, 2018, 
p. 1).  

Area of land= 10,910 m2 
Area of Roof= 1,689 m2 
Area of Path= 500 m2 
Area of Grass= 500 m2 

Yearly precipitation: 655 mm City: Borlänge - Sweden 
Runoff Coefficient: 0,80 Discard Coefficient: 0,80 
Tank consider round diam. 2,35m, for retention tank and tower 
Housing 252 units / 600 people (04 Buildings) 

 
Flood risks generally increase in the rain-fed rivers of southern Sweden. Water 
supply is expected to increase throughout Sweden on average 5% to 25%, and 
risk of shortage water in southeaster regions (Adaptation, 2013; Dias, 2018). 
There is a potential of increasing intense precipitation for both in winter and 
summer, with major impacts on urban storm drainage systems((SMHI), 2018; 
Dias, 2018). Place of retention tanks and harvesting towers designed 
considering the location of buildings, glass domes and vertical urban agriculture 
facility, which is shown in Figure 33 (Dias, 2018). However, the calculation was 
designed only for energy efficient housing area, which consists of four building 
and three geodesic glass domes (Dias, 2018).  
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Figure 33: Water management plan (Dias, 2018) 
 
A system was design to water geodetic glass houses, referred to as 
greenhouse dome in figure, which gathered watered in underground retention 
tank to clean it for the usage of vegetables in glass house. The cleaned water 
put in fond and a pump elevated the water in another water tank. The water in 
elevated tank used to irrigate grass and green house, shown in Figure 34.  
 
 
 
 
 
 
 
 
 

 

 

 

Figure 34: Watering system of glass house domes. 
 
Locations of water towers for glass house and flash toilets placed closed to 
buildings that have terraces including urban agriculture and glass houses, 
shown in Figure 35. Reusing water has several benefits, besides protecting the 
environment, reducing energy consumption and reducing infrastructure, avoids 
floods (Dias, 2018). The reduction of water demand in surface and 
underground decrease the risk of flood (Dias, 2018). Furthermore, the 
condominium analyzed can save 6 million m3 of fresh water a year (Dias, 
2018). Therefore, the efficient use of water benefits an effective economy for 
consumers, companies and society in general (Dias, 2018). 
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Figure 35: Glass domes for urban agriculture.  
 
A calculation was conducted for rain water harvesting system and reuse of rain 
water (Dias, 2018). The result has shown that, 37 cubic meter grey water can 
be used daily, while 23 cubic meter rainwater can be harvested as rain water 
(Dias, 2018). 16,60 cubic meter water was found as enough for daily use, while 
5976 cubic meter water can be collected from rain water and grey water 
annually (Dias, 2018), as show on Table 5. 
 
Table 5: Collected water by rainwater harvesting and reuse of grey water(Dias, 
2018).  

WATER SAVINGS REUSING HARVESTING AND GREY WATER 

Daily Grey water  37,00 m3 
Weekly Rain Water 23,00 m3 
Daily consumption flush toilet 12,60 m3 
Daily consumption general use  4,00 m3 

Daily Volume of Reuse water 16,60 m3 
Monthly Volume of Reuse water 498,00 m3 
Yearly Volume of Reuse water 5976,00 m3 
Saving per year approximately 6 million m3   

 
5.3.4 Design with waste  
As mentioned before, recycling of waste and usage of waste as biogas for 
heating as well as cooking on the barbeque are part of efficient use of 
resources. Energy efficient system design for the usage of waste was 
considered for this research. Therefore, waste divided into two categories; first 
is the domestic waste gathered from kitchen to convert it into biogas. Second is 
recycling waste gathered from waste stations and waste pipes that linked to 
three round 1.5-meter highs towers above the ground, shown in Figure 36.  
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Figure 36: Waste management plan of Jakobsgårdarna 
 
Three close waste recycling stations in energy efficient housing area, shown in 
Figure 37, were used to convert domestic waste into biogas with related 
equipment inside of the waste station on site. Waste pipes and three towers 
gather waste from housing units to restore them the waste storage station, 
which is south east of project area. The restored waste can be moved out them 
for recycling by tracks. This waste recycling station was placed further away 
from many of the building to mitigate the odor based on waste and the noise of 
waste removal.  
 

 
Figure 37: Waste storage cylinders and recycling unit. 
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5.3.5 Design of urban gardening and energy efficient housing 
Urban gardening is to cultivate relationships, which was also practiced in given 
case study examples. As mentioned before, Tjärna Ängar is in the police list of 
under risk areas of crime in level second. The police report describes the area 
as, low socioeconomic status people living, criminals have an impact on the 
local community and state is alarming. This is because the area resides high 
proportion of people with foreign backgrounds (outside of Sweden, Europe and 
English-speaking countries) unemployed and dependent on state benefit, who 
live in municipal rental housing.  
 
The area is segregated from the other parts of the city and reside similar ethnic 
groups. Segregation of similar ethnic groups leads to poverty, failure in the job 
market, poorly performing social networks and exclusion from public services. 
Having a job and being a part of community are two useful ways to combat with 
social exclusion. The adjacent neighborhood to Jacobsgårdarna suffers from 
unemployment and social segregation problems. A vertical urban gardening in 
addition to open urban gardening areas, a kindergarten in the same building for 
elderly and family housing can help people. Three geodesic glass domes were 
designed to utilizes maximum sunlight for urban gardening and the building  
with round balconies are included urban gardening for residents, shown in 
Figure 38. 
 

 
Figure 38: A general view from energy efficient housing area.  
 
In addition, there can be a grocery store and a restaurant that use vegetables 
from urban gardening as well as serve homemade food cooked by women 
living in the area. The restaurant and grocery store can be operated by future 
residents of Jacobsgårdarna and rented from municipality or NGO. In addition, 
squares to be used as community places are designed for eastern part of the 
area. In this area, older residents of municipal affordable rental housing and 
future residents of Jacobsgårdarna can meet as it is shown in Figure 39. 
Somalian married women usually prefer to stay in their houses. An education 
program particularly for Somalian women and children to adopt them to society 
can be useful, since a woman educates their kids, who shape future 
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generation. Therefore, another NGO should be established for this issue as 
well. 
 

 
Figure 39: Land use plan of Jakobsgårdarna. 
 
Also, to design energy efficient housing is a component of this research. There 
is a lack of municipal housing in city to meet the demand of coming population 
each year to Borlänge. In Sweden, because of the welfare regime, senior, 
student, single (youth) and family housing are produced by municipal 
companies. However, because of the retrenchment of direct state finance in 
1990, municipal companies have financial problems to produce more affordable 
housing. Therefore, there are some alternative examples, for which private 
sector contribution to cross subsidize affordable housing via purchasing land. 
As a result, for this area, a mixed-use development on the land consists of 
private, cooperative and affordable rental housing can be solved, shown in 
Figure 40.  
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Figure 40: Design housing types of the project 
 
Flexible housing is designed for this research, which consists of students and 
youth people having 36 square meters. Flexible housing units are used 
considering future population projection of municipality, which enables increase 
of housing units quickly and practically. Flexible design of housing units has 
been experienced for many years by various companies with as system 
referred to as prefabricated housing. However, usage of wood as an essential 
material is a new area of expertise. Stora Enso company has been working on 
production of wood housing units, which are flexible and each component, such 
as walls, floors, roof, beams and coulombs of building are produced at fabric 
and placed to project site. A housing unit, shown in Figure 41, was designed 
considering flexible housing concept of Stora Enso. Also, IDA ICE program was 
used to design the most energy efficient insulation material to achieve the 
lowest heating demand by a use of district heating and solar panels on facades 
of the building.  
 

 
Figure 41: A student and single person housing unit consisting of 36 square 
meters.  
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To design the efficiency, roof and floor materials were selected and tested with 
software. From outside to inside, wood casting, air gap, wood fiberboard, 
mineral wool and gypsum board were used. The thickness of wood was found 
from the document of Stora Enso, which was 2.7 cm (Storoenso, 2016). To 
strengthen the insulation, an air gap consisting of 14 cm was kept, A 4 cm 
wood fiberboard was used as well as a mineral wool tissue consisting of 32.0 
cm was used. At the end, the thickness of roof calculated as 54,2 cm. Exterior 
walls were designed with air gaps as well. From inside to outside, gypsum 
board, battens with mineral wool, gypsum board, mineral wool, gypsum board, 
air gap and wood casing were used.  
 
The thickness of mineral wool is 6 cm, which was designed inside of two 
gypsum boards. Another mineral wall thickness is 24 cm, following gypsum 
board was 2.5 cm and an air gap was kept as 2.4 cm. At the end, the outside 
wood casing thickness was found from the document of Stora Enso, which was 
1.9 cm (Storoenso, 2016). 3 pane windows were selected, which has solar heat 
gain coefficient of 0.5 and solar transmittance of 0.4. The U value was selected 
as 0.8 and exhaust ventilation system was used for analysis by IDA ICE 
software. At the end, the maximum heating demand was found as 51,1 kWh/m2 
for 117,2 square meter envelope area, which has 6.4% window area for a 78 
cubic meter space with an average U value of 0.22 in this design housing unit.  
 
5.4 A comparative analysis between result 1 and 2  
In this part, background case examples and the interview results are compared 
using conceptual model in SymbioCity for design instead of focusing on 
planning process. This comparison aims to match the findings from the 
background cases meet expectations of stakeholders. The comparison casts 
light on design proposal for Jakobsgårdarna by using SymbioCity approach.  

 
Figure 42: Usage of energy, water, waste, public space, urban functions and 
building components of SymbioCity conceptual model is used as a base for 
Jakobsgårdarna proposal (SKL, 2014, p. 54). 
 
In the conceptual model in SCA consists of environmental, social, economic 
and spatial dimensions. This part structured with two subtitles as: “analysis of 
pre-conditions for the case”, which is gathered from background cases and 
interviews considering SymbioCity as a conceptual model. Also, “development 
of sustainability aspects”, is gathered by the ideas extracted from preconditions 
for the case to applicate them Jakobsgårdarna neighborhood development.  
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The outcome of this part is the definition of sustainability from background 
cases and usage of Symbiocity conceptual model. Components of 
sustainability are strategies for land allocation to produce energy efficient 
affordable housing, collaborative ownership of start-up companies, common 
kitchens and restaurants, usage of solar panels, experiencing urban agriculture 
on rented public land, waste and storm management, which are learned in this 
research with literature review. 
 
5.4.1 Analysis of pre-conditions for the case: environmental 

dimension 
In Rosengård and Frihamnen cases, biogas is used as one of the main energy 
system type to fuel busses. Also, Rosengärd also has wind power. In 
Frihamnen case, different types of tracks are also supplied by biogas, for 
example ferries and waste carrying trucks including methane diesel engine. 
Heat pumps are used in Augustenborg for heating the houses, while for 
Vallastaden project there has not been a technical infrastructure project 
developed for collaborative usage. The usage of biogas supported with fuel by 
waste management such as in Rosengård and Frihamnen cases are beneficial 
strategies to use resources efficiently, shown on table 6. 
 
5.4.2 Development of sustainability aspects: environmental 

dimension 
The environmental dimensions of model require an analysis for the capacity of 
resources to address the residential and activity needs of people, which is done 
in previous chapters. Energy efficient usage of energy in SCA is explained with 
a design proposal for Jakobsgårdarna in previous chapters as well. In 
Jakobgårdarna case, the reduction of emissions of greenhouse gases are 
achieved with modular wooden housing units in design proposal part. Geodesic 
domes are designed for urban agriculture in addition to open space and vertical 
urban agriculture activities.  
 
Interview with Borlänge energy revealed that, the company puts a lot of effort 
for usage of biogas for all public transport vehicles in Borlänge until 2022. In 
addition, Borlänge energy has already created two biogas stations in Borlänge 
to fuel cars. Therefore, biogas could be one of the energy sources of 
Jakobsgårdarna project. Also, interview findings show that heat pumps do not 
provide optimum usage of energy. District heating is found the potential main 
energy source for heating, while the usage of PV system on buildings in 
Borlänge, as explained before extracting electrical energy to be used as 
common energy source to light common parts of the apartment and public open 
spaces. Also, the PV modules were designed on auto park roof can provide 
enough capacity to charge the cars.  
 
5.4.3 Analysis of pre-conditions for the case: social dimension 
In background cases Rosengård and Vallastaden projects include urban 
gardening as a collective practice, which are supported by other public utilities. 
In Vallastaden project, urban agriculture and e-democracy web page are used 
as communication tools for people. Vallastaden case include community places 
in each neighborhood, referred to as open farms, consisting of waste disposal 
space, workshop area, a party room and urban agriculture. Also, sailing 
courses in urban bath area give people to enjoy the sea. In Frihamnen case, 
restaurants and individuals can rent a plot from municipality for urban 
agriculture to grow fresh food, shown on Table 6.  
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Also, social bongs can be created similar to Augustenborg example with green 
roof system teaching course and field trips, while common kitchen helps to 
cultivate relationships by cooking in Rosengård case. As common in all cases, 
a collaborative action, such as collaborative entrepreneurship, usage of 
transportation facilities such as bike or car-pooling help both creating 
relationships and social sustainability. In terms of environmental sustainability, 
storm water management facilitates efficient usage of water and creation of 
recreational areas, such as in Augustenborg case. The usage of biogas 
supported with fuel by waste management such as in Rosengård and 
Frihamnen cases are beneficial strategies to use resources efficiently.  
 
5.4.4 Development of sustainability aspects: social dimension 
The social dimension of conceptual model in SCA, recommends giving 
democratic participation opportunity and special priorities to vulnerable groups. 
In Jakobsgårdarna proposal, this is done for low income people by providing 
cultural diversity and different variety of housing. Interview findings with 
municipality has shown that, there are ongoing three open space urban 
agriculture projects close to municipal housing areas exist, even though there 
are not geodesic and vertical urban agriculture projects exist in Borlänge. 
Municipality approves that urban agriculture is a good way to integrate people. 
Local economic development with cooperative ownership of solar plant, 
managed by Tunabyggen and construction of wood modular housing in design 
proposal of this thesis by employing local people can be used for 
Jakobsgårdarna project, shown on Table 6. 
5.4.5 Analysis of pre-conditions for the case: economic dimension 
Case examples from Malmö, Rosengård and Augustenborg, have social 
projects to solve unemployment problem, which reduced the unemployment 
rates in the neighborhood. In Augustenborg case 3 green local companies were 
established to solve unemployment problem. In Rosengård case, collaborative 
actions are encouraged by municipality that developed cooperative ownership 
of wind turbines, community kitchen and car-pooling by their sustainable city 
plans. Also, social strategies to provide social sustainability, collaborative 
actions can be developed for either increasing local employment rates with for 
example a creation of local start-up companies, which also promotes energy 
efficient development with renewable technologies. Renting plots for agriculture 
is practiced by restaurants and induvial in Frihamnen is encouraging for a 
healthier life and producing national vegetables, shown on Table 6. 
 
5.4.6 Development of sustainability aspects: economic dimension 
The economic dimension of conceptual model in SCA recommends 
environmentally friendly infrastructure provision and creating new business 
opportunities. The conceptual model recommends cooperation among private, 
public and academy to provide beneficial solutions for economic development 
in an area. In Jakobsgårdarna case, Byggdialog Dalarna has various ideas 
about local economic development, which is different than municipality, since 
the municipality has not recommended any possible solutions for tenants in 
Jakobsgårdarna case except mentioning their department that solves long term 
unemployed people live-in low-income housing. Byggdialog Dalarna mentioned 
a discussion with municipality and companies that they may offer solutions for 
the problems in the area with innovation ideas. For example, providing solar 
panels for land development etc. 
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5.4.7 Analysis of pre-conditions for the case: spatial dimension 
Pedestrian and cycling path are developed in Rosengard project to link the 
area to city, which is 7 km far to city center. Different modes of public transport 
are promoted for Frihamnen project, for example shuttle system, car and bike 
pools. Rosengård and Augustenberg cases do not include new housing 
construction, which consist of renovation of municipal rental housing stock. 
Frihamnen case consists of 500 affordable housing or private rental housing, 
which are designed in older industrial area as infill project. Vallastaden project 
consists of 950 tenant mixed houses and urban farms in each neighborhood 
considering usage of land efficiently, shown on Table 6. 
 
5.4.8 Development of sustainability aspects: spatial dimension 
The spatial dimension of conceptual model in SCA recommends taking 
measures to cope with urban sprawl and inefficiency in urban development. 
Transit oriented planning or clustering around an infrastructure is a method for 
mitigating urban sprawl. Also, the connection between public spaces is also 
important to manage the flow of people activities as well as cyclers. In 
Jakobsgårdarna case, municipality puts importance of a mixed used building, 
which is under the construction now. The building includes hourly and daily 
rental spaces, can also be used for parking. The municipal plan includes a 
good connection between designed new public open squares. In this design 
proposal, public open squares are given functions to be used effectively for 
local economic development as well as educating people, while integrating 
them to each other. For example, a small ice ski area and buildings to be used 
by NGOs for social integration that surrounds ice ski, urban agriculture and 
open flea market area provide opportunities to new comer residents with 
Jakobsgårdarna project to meet with old tenants already living nearby. 
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Table 6: Differences of background cases.  
 Rosengård, 

Malmö 
Augustenborg, 
Malmö 

RiverCity, 
Frihamnen, 
Gothenburg 

Vallastaden, 
Linköping 

Social Indicators 
Size of project 
area and 
population  

23 000 people 20-hectare land, 
3000 people 

15000 people 20-hectare land, 1000 
people 

Strategy of 
linking socially 
segregated area 
to city 

Pedestrian 
and cycling 
path 

Storm water 
management 
aiming reduce 
overflowing by %70 
with developed 
ponds and canals 

Urban bath 
project with 
sauna, roller 
court, sailing 
courses 

Open farms 
consisting of waste 
disposal space, 
workshop area, a 
party room and urban 
agriculture 

Proximity to city 
center  

7 km from the 
city center 

   

Employment 
rates and 
employment 
opportunities in 
the area 

50 % of 
unemployment
, woman job 
finding office 

The decline of 
unemployment from 
%30 to %6 and the 
establishment of 3 
"green" local 
companies 

No specific 
action was taken 

No specific action 
was taken 

Ongoing social 
projects in the 
area 

To rent 
residents 
municipality 
transformed 
half of the 
space of public 
rental houses 
to shops. 

To follow an 
education program 
called "Water 
Safari" for preschool 
children  

Jubile park 
urban 
agriculture, 
Kvillebäcken 
urban crop farm, 
social gathering 
places with 
developing and 
flexible qualities 

Technical innovation 
camp with high 
school students, 
building companies 
and land owners 

Presence of 
urban 
agriculture and 
other collective 
practice 

Urban 
agriculture, 
cooperative 
ownership of 
wind turbines, 
community 
kitchen, car-
pooling,  

Green roofs, canals, 
swales, ponds, 
permeable paving, 
senior housing, 

Shuttle system, 
car and bike 
pools, bridge 
construction 
between piers 

Farms in each 
neighborhood 
including urban 
agriculture, online 
platforms called e-
democracy or e- 
dialogs 

Technical indicators  
Construction 
year 

2014 1998 2018 2012 

Tenancy type 
and number of 
housing units 

Renovated 
municipal 
rental housing 
stock 

Renovated 
municipal rental 
housing stock 

50% of housing 
stock is rental 
and 16% of 
them are 
affordable: 500 
units 

Tenant mix by 950 
student, 180 owner-
occupied, 78 town 
houses and 13 villas  

Installed energy 
technology 
(district heating, 
solar/PV 
heating, 
geothermal 
heating and 
district + 
solar/PV) 

Biogas by 
recycling and 
composting 
that fuels 
buses, solar 
and wind 
energy, heat 
pump 

Heat pumps Biogas 
production, 
biogas fueled 
bus and ferries, 
waste carrying 
trucks including 
methane diesel 
engine  

Passive flexible 
houses with solar 
energy 

Maximum yearly 
heating demand 

   42 kWh per sqm for 
55 sqm house 
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6 Discussion and conclusion 
The first step was literature review in this study. In the end, collaborative 
ownerships; designing common kitchens; producing electricity by solar panels 
and producing biogas; practicing urban agriculture; waste and storm 
management and development of land allocation strategies to cross subsidize 
energy efficient affordable housing production; were defined as sustainability 
tools for efficient usage of sources, which are learned with literature review. In 
terms of socio-economic structure, median income of a single person in 
Sweden was 22 363 SEK in 2015, while an affordable rent for a median income 
person was 7 450 SEK. When the proportion of monthly rent to resident income 
is less than, 30%, housing expenses are affordable for the household.  
 
Energy efficient houses were produced by municipal housing companies in 
Sweden. The rents are not included heating and electricity expenses which 
have rent amounts of 1000 SEK per square meter in Landskrona, were 
between 852 SEK and 984 SEK in Oxtorget, between 960 and 977 SEK in 
Frillesås in 2006. A 35 square meter house had a maximum rent of 3500 SEK 
in 2006, without electricity and heating bills are included. The rent amounts 
would be increased due to inflation rates, even though it would not be 
increased, the rents are not affordable for a household who is at risk of poverty. 
A minimum rent for energy efficient housing for 35 square meters was 
approximately 3000 SEK, which would be affordable with the increase in rents 
due to inflation rates. 
 
Second step is the diagnosis of current situation, which consist of analyzing 
recent housing need and the capacity of renewable energy sources. The 
number of housing in need will be 158 units per year during the period 
(Kommun, 2016). When it comes to expected socio-economic structure of 
households, affordable housing is crucially needed. This is due to income 
levels of in-movers’ population, which consists of foreign immigrants in majority, 
were lower than out-movers in 2012 in Borlänge. According to the municipality's 
population projection, population will increase by 430 people per year between 
2015 and 2019. Municipality has strict rules for heating that is aimed to be 
energy efficient. National energy standards requires a maximum of 90kWh 
heating demand, while Borlänge Municipality requires the usage of energy for 
space heating is up to 80 kwh per square meter (BorlängeKommun, 2010). In 
total, the municipality requires a maximum heating demand of 150kwh per 
square meter for heating, hot water and cooling (BorlängeKommun, 2010). 
Also, the construction of energy efficient houses is supported by municipality 
with incentives.  
 
In Borlänge, majority of energy, which is 70%, is provided from district heating 
with use of biomass. In north, northeastern and south part of Jacobsgårdarna 
have pipelines of district heating. To produce electricity, photovoltaic panels are 
needed. The establishment of PV panels are subsidized, tax reductions are 
given by Swedish government in addition to the opportunity of selling surplus 
electricity to national grid. The establishment subsidy is up to 37 000 SEK and 
a maximum tax reduction is 18 000 SEK without VAT. An annual solar energy 
resource capacity in Borlänge is approximately 900kWh/m2.  
 
In Borlänge, the capacity of wind energy is one of the weakest, which is less 
than 36 MW annually. There are two wastewater plants to separate phosphorus 
and nitrogen, also water sources such as one stream, three ground water exist 
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in Borlänge. In addition, due to long period of stay of snow and intense rainy 
days in Borlänge, harvesting water capacity is high in Borlänge. In terms of 
urban gardening practices in Borlänge, there is a proposal developed 
consisting of one open space cultivation area and one glass house by Borlänge 
Energy. Municipality encourages the consumption of organic food by controlling 
kitchens of restaurants and reducing rental fee for farm land if organic food is 
produced. According to municipality, ecologic farming can be a steering tool in 
business sector.  
 
A third step is to specify objectives and recommendations. A sustainable 
neighborhood was designed for Jakobsgårdarna considering sun, wind, water, 
waste, housing and urban agriculture capacities. An area, which gives the 
possibility for meeting of old resident and new comers by this neighborhood 
design project was selected. To provide social integration, a route was 
designed in parallel to recent adjacent neighborhood, which is a segregated 
public housing area was produced with one million housing program. A cycling 
route, two squares, community places and open-air urban gardening, ice 
skating platform were designed. The route has pedestrian way and a cycling 
path to encourage residents to cycle. Cycling paths, one of them was fast 
transport and the second one was for recreational needs. The second cycling 
road connected urban gardening facilities and meeting places, seen in Figure 
42 below.  

 
Figure 42: A perspective from sustainable neighbourhood design project. 
 
An energy efficient affordable housing area, which has high technology and 
high scale, was developed to provide resource efficiency. Four building facades 
were covered by PV panel, the roof of auto park area was included PVs. Three 
geodesic glass domes were designed for urban agriculture and to heat the 
glass houses, three one story waste recycling buildings were designed. Also, 
one building has included large round balconies for urban gardening practice. A 
water harvesting system and waste management were designed for this 
neighborhood. For affordable housing production, a flexible, 35 square meter 
single person house has designed, and minimum energy demand was found as 
51,1 kWh per square meter and the U value was found as 0.22 for this small 
housing units. To provide flexibility, Stora Enso’s detachable wall, roof and floor 
system was considered.  
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For collective usage, a common kitchen, a vertical urban gardening facility and 
a common restaurant were designed. Also, to encourage residents to produce 
and sell products, an open market place and community workshop/meeting 
places were designed. Tenure mix was provided both in one building and in 
one plot. In the building, student, single and family housing units were put 
together. On plot scale, affordable, cooperative and villas are scattered on plot 
around a green inner garden. As a result, the defined sustainability components 
by literature review are used in Jacobsgårdarna sustainable neighborhood 
design proposal of this thesis.  
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