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Green Roofs in Uppsala – Potential food yield and thermal 

insulating effects of a green roof on a building 

SAGNIK SINHA ROY

Sinha Roy, S., 2020: Green Roofs in Uppsala - Potential  food yield and thermal insulating effects on a building. Master thesis in

Sustainable Development at Uppsala University, No. 2020/61, 48 pp, 30 ECTS/hp

Abstract:

Climate change has caused severe vulnerabilities for the global food production system and alternative

agriculture methods are needed as a solution. Urban agriculture (UA) can be a sustainable so lution, making

the global food system more resilient and increasing the global food security. Using available empty rooftops

to implement green roofs for food production can be a solution to challenges faced by urban agriculture, such

as unavailability of land and proper amount of sunlight. The aim of this thesis is  to explore the potential of

green roofs in Uppsala city, looking into the food production capacity and the energy conservation benefits

for buildings having a green roof. With the help of GIS software, 745 flat roofs with a total available area of

877408 m2, were considered feasible for implementing green roofs. Upon calculations based on yields

obtained from other studies, the results revealed that the annual vegetable production on potential gr een roofs

in Uppsala city is 23550 T of tomato, 48 T of cabbage and 96 T of chilli. On comparing the tomato production

with the amount of tomato consumed annually by the population of Uppsala city, the data reveals that less

than 10 % of the estimated production can meet the annual demand.

Upon investigating the thermal insulation effects of green sedum roof on a building in Uppsala city, the thesis

reveals that annually, 824 kWh or .824 MWh can be saved, providing a monetary benefit of SEK 543. The

results point out that, on implementation of green sedum roofs on 100 buildings, about 82 MWh amount of

energy can be conserved, thus reducing the overall consumption of fuels such as peat and oil and reducing the

emissions of green house gases. Green roofs in comparison with conventional roofs can also act as a heat sink

to keep the building cooler during warmer summers, thus reducing the demand for artificial cooling.

Keywords: Sustainable Development, Urban Sustainability, Food Security, Energy Security, Resili ence, Green

Roof.
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Sinha Roy, S., 2020: Green Roofs in Uppsala - Potential  food yield and thermal insulating effects on a building. Master thesis in

Sustainable Development at Uppsala University, No. 2020/61, 48 pp, 30 ECTS/hp

Summary:

Urban Agriculture (UA) can reduce the distance between the supply and demand of food, thus providing a

significant transformation to food production and its supply chain and making the global food system more

sustainable and resilient for better food security. Among the different methods of urban farming, green roofs

such as rooftop gardens/farms can play an essential role in achieving social, economic, and environmental

sustainability for a city. The green roofs create an opportunity to produce food all year in Sweden, even in the

winter seasons during which traditional local farms cannot grow food, thus improving the country’s food

security and contributing to sustainable urban development. Other than food production, green roofs can

provide other environmental benefits such as reducing the urban heat island effects, improving air and water

quality as well as the biodiversity of the city.

This thesis studies the potential of green roofs in Uppsala city, looking into the food production capacity and

the energy conservation benefits for buildings having a green roof. Green roofs are generally of two types,

extensive green roofs (with soil thickness less than 10-15 cm) and intensive green roofs (with soil thickness

more than 15-20 cm). To explore the food growing capacity of intensive green roof potential of Uppsala city,

GIS software is used to identify flat rooftops receiving optimum amount of sunlight  and the total available

area is calulated. Using research methodologies like literature review and interview, few vegetables are

selected to be grown and their yields are chosen. This data is used to calculate the food production capacity

of potential green roofs in Uppsala city. On comparing this result with the actual co nsumption of vegetables

of Uppsala, the result reveals that less than 10 % of the estimated tomato production  can meet the demand,

thus showing the tremendous ability of green roofs to enhance the food security of the city.

Historically, green roofs have provided thermal insulation to buildings in cold climates and protected buildings

from overheating due to solar radiations in warmer climates, thus saving energy required for both heating and

cooling. To investigate the energy conservation benefits of green roof, a building having an extensive green

roof such as a sedum roof is considered. Based on the thermal insulation effects of the sedum roof, theoretical

calculations are performed to calculate the amount of thermal energy that can be saved along with the

equivalent monetary savings that is achieved. If implemented on a larger number of building s, the results

reveal that green roofs can conserve substantial amounts of energy otherwise required for heating the buildings

in the winter months or for cooling in the summer months. Reducing energy demand to heat and cool buildings

will enable Vattenfall, the primary energy producer in Uppsala to conserve fuel and lower the emissions of

greenhouse gases, thus protecting the climate.

Keywords: Sustainable Development, Urban Sustainability, Food Security, Energy Security, Resilience, Green

Roof,
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1. Introduction 
Currently, 55% of the world’s population is living in urban areas making urbanisation the defining trend 

of the 21st century. By 2050 this population will reach 68% (United Nations, 2019). Sweden’s 

population has been growing at rates surpassing 1% annually for the past few years, indicating the need 

for its cities to accommodate an increasing number of people. Similar to this trend, Uppsala city is 

experiencing fast growth as well, having an addition of over 4000 new inhabitants every year since 

2016 (Uppsala Kommun, 2018). In the future, with the worsening impacts of climate change, the rate 

of this immigration will rise (Reuveny, 2007). 

 

Uppsala city, the global winner of WWF:s One Planet City Challenge 2018, had adopted “The 

Environment and Climate Programme” as a part of the municipality’s long-term work for sustainable 

development with plans to become fossil-free by 2030 and eventually become climate positive by 2050 

(Uppsala Kommun, 2014). Urban farming is an essential aspect of urban sustainability, directly dealing 

with issues of health, food security, climate change, and mitigation as well as social capital and civic 

engagement (Hernandez & Manu,2018). Urban farming methods such as community gardens, rooftop 

gardens, and farms, greenhouses, indoor and vertical farms, etc., may not have the capacity to feed 

every large city. However, research indicates that less than one-third of the global urban area is required 

to produce the amount of vegetables consumed by city dwellers (Martellozzo et al., 2014). Among the 

different methods of urban farming, green roofs such as rooftop gardens/farms can play an essential 

role in achieving social, economic, and environmental sustainability for a city (Safayet et al., 2017). To 

overcome the challenges of food security in the future, innovative urban agricultural methods such as 

green roofs in the form of urban rooftop gardening/ farming can be a crucial solution. These rooftops 

can increase the local food production, thus decreasing the food miles and the associated carbon 

emissions, and on the other hand, increasing the local employment as well as the aesthetics of the city 

(ibid.).  

 

Green roofs also provide other environmental benefits such as reducing the urban heat island effect, 

improving air and water quality as well as the biodiversity of the city (Safayet et al., 2017). The rising 

temperatures during the summer months are leading to the demand for air conditioners and fans, 

increasing global electricity consumption (IEA, 2019). The implementation of green roofs on a large 

scale will reduce the surface temperature, thus lowering energy consumption required for cooling and 

lower the energy bill (Alhashimi et al., 2018). Similarly, in the case of cold climates, excess thermal 

insulation provided by green roofs keeps the building warm, thus lowering the need for thermal energy 

required to heat the building (Jaffal et al., 2011).  

 

In several cities, including Stockholm, green roofs such as rooftop farms and greenhouses are being 

developed due to its widespread benefits(Sen, 2018). The green roofs create an opportunity to produce 

food all year in Sweden, even in the winter seasons during which traditional local farms cannot grow 

food (ibid.). Uppsala city having similar weather conditions as Stockholm has great potential and 

opportunity of implementing green rooftops that would help the city to reach its future sustainability 

goals. One of the contraints in developing green roofs in Uppsala city is the lack of local research, 

providing this thesis an opportunity to contribute.   
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1.1.  Aim, research questions, and delimitations 
The thesis seeks to understand the green roof potential in the city of Uppsala and to find the total capacity 

of food that these green roofs can produce, along with the amount of energy that can be conserved by the 

thermal insulating effects of the garden. 

For these reasons, it is of importance to study the capacity of food production on the potential green roofs 

in Uppsala city and to investigate the thermal insulating effects of green roofs to conserve energy in a 

building, thus leading to the research question: 

RQ: What is the green roof potential in Uppsala city in the perspectives of 1) production capacity of food, 

2) energy conservation benefits by the effect of thermal insulation? 

 

1.1.1.  Delimitations 
The thesis project will not include technical aspects of implementing green roofs, such as building 

construction. The policies and legal constraints are neither considered. 

This thesis will also not study the technical aspects of the building to calculate the thermal insulating effects 

of green roofs. 

 

1.2.  Background 

Urban Agriculture (UA) & Sustainability 
For meeting the food demand of the growing urban population, large scale agriculture plays a significant 

part. Although this form of agriculture is economically beneficial, it has, however, caused significant 

environmental degradation such as deforestation, loss of biodiversity, pollution, and depletion of water 

resources. Furthermore, food prices do not reflect the cost of environmental degradation (Saha & Eckelman, 

2017).  Once produced, supply chains are involved in delivering food to customers and post-harvest, and 

about one-third of this food is wasted every year, and about two-thirds of the wasted food occurs in the 

supply chain during storage and transportation (Zhong & Xu, 2016).  Since the global food system is highly 

dependent on its supply chain, during times of crisis such as global pandemics, there can be shortages of 

food throughout the world. The Food and Agriculture Organization of the United Nations (FAO), in a recent 

post on their website, explained how the COVID-19  pandemic would cause disruptions in the food supply 

chain affecting the food security of the poor and vulnerable segments of the society (FAO, 2020). 

 

Palma (2012) points out that cities have been unsustainable since their footprints greatly exceed their 

biocapacities by 15-150 times. He suggests, instead of following linear models which involves inputs such 

as energy (based on fossil fuels), food, and other goods, producing outputs in the form of organic and 

inorganic waste that ends up being dumped as well as emissions of harmful gases, cities should follow a 

circular system where the outputs such as organic and inorganic wastes are recycled in the system, thus 

reducing the pollution and waste. The food is a significant input in the linear system, and the food flow 

model involves a considerable amount of fossil-based energy, used for the transportation of food along with 

the environmental impacts caused from processing, packaging, and distribution of food from the producers 

to the consumers through the distributor or retailers (Palma,2012). By following the closed-loop circular 

resource flow model, UA methods such as vertical farming reduce 98% water use compared to conventional 

agriculture and provide a significant benefit in areas experiencing water shortages (Briceño, 2018). 
Amidst such situations, Urban Agriculture (UA) can provide a significant transformation to food production 

and its supply chain, making them more sustainable and resilient for better food security (Andres, 2017). 
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UA reduces the distance between the supply and the demand, thus decreasing the food miles (Safayet et al., 

2017). Additionally, UA is a crucial strategy to reduce the city’s ecological footprint, recycle its wastes, 

contain urban conflicts, stimulate regional economies, as well as to build resilience to climate change and 

strengthen the city’s food security (Eigenbrod and Gruda, 2015).  Thus UA is directly connected to the 

ecological, economic and social system of the city and, if correctly implemented, can complement 

conventional agricultural methods and thus reducing the environmental impacts of farming systems, making 

the city more resilient (Hallett et al., 2016). 

 

By producing tomatoes in the social housing areas in the city of Merida (Mexico), a savings of 662 g CO2 

eq./ kg of tomatoes was achieved involving the transport, retail, and packaging sector (Palma,2012). In Sao 

Paolo, Brazil, with the assistance of a local NGO called Cities without Hunger; urban farmers obtain legal 

permits to grow foods in vacant or unused spaces in the city, and the NGO is working with the urban 

dwellers to promote urban farming through school gardens, community gardens, greenhouses, (Beach, 

2015). In Tokyo, Japan train stations have rooftop farms which serve as community gardens (Meinhold, 

2014). An urban farming company called Tokyo Salad (a joint venture of Tokyo Metro and a developing 

company) is growing about 400 variety of plants with the help of hydroponic system in unused warehouses 

located under the elevated transit lines of the subway system (Kaye, 2017). Ahamed et al. (2019) studied 

the economic feasibility of year-round production of vegetables in urban greenhouses in the city of 

Saskatoon, Canada, where winter temperatures can go as low as -30 to -40 o C (saskatchewan.ca, n.d.). 

They found that the vegetable yields received were as high as 55 kg/m2, 65 kg/m2, 23 kg/m2 for tomatoes, 

cucumber and peppers respectively, thus pointing out that operating these urban greenhouses would be 

economically profitable (ibid.). 

 

UA has widespread benefits that comprise the three pillars of sustainable development, social, 

environmental, and economic development (Tuijl et al., 2018). While UA’s primary role is to produce food 

and provide the city markets with fresh produce and reduce the food miles and the associated carbon 

emissions, it also provides other environmental benefits such as cleaning up the air, reducing heat and noise 

as well as protecting and improving the biodiversity of the city thus increasing ecosystem resilience 

(Krishnan et al., 2016). UA can improve the urban microclimate along with the capacity to turn urban waste 

into productive resources, compost production, vermiculture, as well as irrigation using wastewater (FAO, 

2007).  

 

In case of social benefits, UA can be an essential strategy of poverty alleviation and help disadvantaged 

groups (disabled people, jobless youth, people without pensions) to integrate with society by providing 

them with a decent income, thus reducing crime and drug use (FAO, 2007). UA also has social benefits like 

reducing gender inequality since around 65% of the urban farmers are female (Orsini et al., 2013). UA can 

also serve as a centre for community development by serving as a source of education, as well as provide 

opportunities for social interaction and recreational activity (Krishnan et al., 2016). 

 

On the front of economic development, UA serves as a source of local employment and income as well as 

saving household expenditures by encouraging people to grow their food (FAO, 2007).  By decreasing food 

miles, UA reduces the transportation costs of food from the producer to the local market (Krishnan et al., 

2016). By microclimate regulation, UA can reduce energy demand for buildings (both heating and cooling 

energy), thus providing the user with affordable energy bills (Andres, 2017). 

 

In countries having colder climates such as Sweden, much of the consumed vegetables are either produced 

in heated greenhouses or are transported from places having favourable environments (Högberg, 2010). 

Tomato, which is a yearlong consumed vegetable in Sweden, is either produced in greenhouses in Sweden 

or are imported from farms in the Netherlands or Spain (ibid.). Being the most extensive imported vegetable 

of Sweden (FAO, 2001), they travel about 1500 km and 5000km from the farms of Netherlands and Spain 

respectively to a retail store in  Stockholm (Högberg, 2010). 
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Although UA is becoming more and more popular in both the global North and South, the factors 

responsible for this growth differs in both cases. In the global South, urban farming provides access to fresh 

and affordable food as well as a source of jobs and income for local communities (Pilloni, 2016). With the 

shifting of the rural population to the cities, often rural dwellers bring their agricultural practices with them 

for reasons of food security and livelihood (SLU Global, 2014). In the global North, UA, other than being 

a source of locally grown nutritious food, is famous for providing recreational benefits and a place for social 

interaction (Sen, 2018). In recent years, many cities, the majority of which in the Northern Hemisphere, are 

incorporating more agricultural policies along with establishing and promoting edible landscapes, 

greenhouses, and urban farms (ibid.). With the civil societies being strong and more demanding about their 

food, these cities have adopted several initiatives to make the food system more equitable and sustainable 

such as the Milan Urban Food Policy Pact,2015, signed by major European and North American cities 

(Taguchi & Santini, 2019). 

 

UA is of several kinds, such as community gardens, institutional gardens, guerilla gardening, urban farm, 

vertical farming, plant factories with artificial lighting, zero acreage farming, and agro-tourism (Tuijl et al., 

2018). Briceño (2018) classifies UA into two groups, Uncontrolled Environment Agriculture (UEA) and 

Controlled Environment Agriculture (CEA). Examples of UEA are allotments, community-supported 

agriculture, livestock farming, open space farming, permaculture, rooftop farms, urban farms, urban 

forestry, etc.. In contrast, Z-farming, greenhouse farming, and vertical farms, etc. are examples of CEA. 

While UEA is mostly outdoor, requiring low fertiliser and soil, CEA can be both indoor and outdoor, and 

certain CEA uses no fertilisers or pesticides and can be grown in different kinds of substrates other than 

soil (ibid.). UEA generally has a smaller production capacity than CEA, which is larger and has a higher 

crop yield. However, CEA is more energy-intensive and requires a more increased capital investment 

(ibid.).  

 

Amongst several benefits, people practising UA faces several challenges and obstacles such as soil 

contaminants, water availability, and changes in climate and atmospheric conditions (American Society of 

Agronomy, 2013). Limited land and production resources, as well as high labour costs, are also an issue 

with many farms depending on unemployed and volunteer labourers as working hands on the farm (Liu, 

2015). Whittinghill et al. (2013) mention the availability of land as the biggest challenge for urban farmers 

since there are numerous competing uses of land that renders higher profits to the landowner than using it 

for agricultural practices. This competition often forces urban farmers to shift to vacant lots and brownfields 

found in the industrial areas and often may be contaminated by heavy metals, which can contaminate the 

food grown, resulting in health hazards (Whittinghill et al., 2013). The presence of tall buildings in urban 

areas that cast large shadows over plots of land can also be a significant challenge to grow edible plants 

through UA (Andres, 2017). After studying operations of urban vertical farms, Briceño (2018), pointed out 

that such farms are currently unsustainable from an energy perspective due to their high dependency on 

imported inputs and by sourcing most of these inputs from local renewable sources, these farms can improve 

by becoming more sustainable. Despite these challenges, UA is on the rise and has grown in many cities of 

the Northern hemisphere (Sen, 2018).  

 

In terms of land area, Sweden is the third-largest country in the European Union (EU), with two-thirds of 

the land covered in forest (OECD, 2018a). Most large farmlands having higher yields are located in the 

South and middle of the country, while in the north of Sweden, with colder climates, livestock herding and 

small farms are more common (ibid.). The weather in the South of Sweden is favourable for agriculture and 

has almost 100 days longer growing season of crops than the north(Jordbruksverket, n.d.). However, many 

parts of the country, including Uppsala city, face harsh winters, thus reducing the growing season of crops 

and vegetables in these regions. Although Sweden has been self-sufficient in meat, dairy products, and 

cereals, the country imports around 50-55 % of its food products with primary food import consisting of 

fresh vegetables like tomatoes and potatoes, fresh fruits such as apple, nuts, cocoa, spices, and wine 



5 
 

(Flanders Investment & Trade, 2018). With the rise in urbanisation leading to an increase in the land prices, 

most of the Swedish farmers are locating their farms far away from cities to find lands with less competition, 

thus increasing their distance from the urban consumers (OECD, 2018a). The average age of farmers 

involved in mixed farming and growing of non-perennial crops in Sweden is 64.6 and 55 years, respectively, 

and according to data from 2013, 28% of the Swedish farmers will reach their retirement age within a 

decade (OECD, 2018b). This ageing workforce can be a significant challenge for the country’s agricultural 

system (ibid.).  

 

Based on the RobecoSAM Country Sustainability Ranking (2019), Sweden has ranked as the most 

sustainable country among 65 countries based on environmental, social, and governance (ESG) indicators 

(Sweden.se, 2020). Swedish consumers are becoming more and more aware of sustainability, and since 

2019 trending topics like Greta Thunberg and Fridays for Future has led to a substantial rise of discussions 

about sustainability (SB Insight, 2020). The demand for local and organic food is on the rise among Swedish 

consumers with an increased rate of about 25% in a year (Flanders Investment & Trade, 2018).  The increase 

in demand has also enabled the local and organic food sector to flourish (Bosona & Gebresenbet, 2018). 

According to the 2016 National Food Strategy for Sweden, to promote local food business operators, 

initiatives should be taken by the public sector to buy organic, locally grown food supplies. According to 

the report, the public sector, in partnership with local food business operators, should also raise knowledge 

and awareness about sustainable food production and consumption among children and youth (Ministry of 

Enterprise and innovation, 2016). 

 

In Sweden, urban farming in community or allotment gardens is quite popular, where urban dwellers share 

a piece of land to produce their fruits and vegetables (sweden.se, 2016). To encourage urban citizens, gain 

more interest in urban farming, there are public and private initiatives in Sweden. One such industry is 

Stadsbruk (City Farming), which is a  public-private collaborative project helping municipalities to develop 

and implement urban farms strategies and entrepreneurs to start their urban farms in the city (SLU, 2018).  

Another such initiative is a website called Stadsodling Stockholm, which shares information about the 

existing urban agricultural projects in Stockholm along with an interactive Google map to locate them 

throughout the city (Gerlach, 2013). The Haninge Kommun, located in Haninge County in Stockholm, 

helps locals to start their gardens by providing them with custom made UA kits (ibid). 

 

Commercial urban farms are also on the rise in different cities of Sweden (Gerlach, 2013). While in the city 

of Stockholm, commercial urban farming initiatives such as the Solbackens handelsträdgård and Bondens 

egna Marknad have existed before (Gullers, 2015), modern UA companies such as Bee Urban, Gronska, 

Swegreen, Urban Oasis operates in ways different from conventional agriculture companies(Sen, 2018) 

(Banhazl, n.d.). Bee Urban’s business model is to sell or rent beehives along with designing and maintaining 

a garden with the bees at the consumer’s property (Sen, 2018). Gronska is an urban farm located in a cellar, 

and they practice zero-acre farming selling their products to a restaurant and grocery store (Sen, 2018). 

Swegreen focuses on vertical farming and indoor zero-acre farming and helps to integrate farming in 

buildings to sell the product through a market in the same building (Sen, 2018.; Gerlach, 2013). Other than 

operating their business models, these companies also promote urban sustainability through their services. 

While Bee Urban provides education on bees, biodiversity, and ecosystem services in collaboration with 

schools and companies, Gronska and Swegreen aim to promote awareness about local and organic food 

along with improving the heating and water supply system of buildings (Sen, 2018) (Gerlach, 2013). Other 

initiatives such as Los Perros and Vegostan located in Malmo (SLU, 2018), Takfarmen located in Västerås 

(Tradgards Sverige, n.d.) are also notable commercial urban farms that are operating successfully in 

Sweden. 

 

Uppsala city, the global winner of WWF:s One Planet City Challenge 2018, had adopted “The Environment 

and Climate Programme” as a part of the municipality’s long-term work for sustainable development with 

plans to become fossil-free by 2030 and eventually become climate positive by 2050 (Uppsala Kommun, 
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2014). Urban farming is an essential aspect of urban sustainability, directly dealing with issues of health, 

food security, climate change, and mitigation as well as social capital and civic engagement (Hernandez & 

Manu, 2018). The Botanical garden of Uppsala University located in Uppsala city is more than 200 years 

old (Uppsala University, n.d.). It houses a kitchen garden growing vegetables and plants that are used for 

household products such as fibre, natural dye, oil, and medicine (Uppsala University, n.d.) (Banhazl, n.d.). 

The city also has 19 community garden and allotment garden areas that are used by the residents to grow 

their fruits and vegetables (Banhazl, n.d.). Uppsala Kommun is also taking initiatives to include green roof 

initiatives such as integrated rooftop gardens in the upcoming building projects that are being developed in 

Rosendal (Interview with Ryttar,2020).  
 

Green Roofs 
Though urban farming methods such as community gardens, green roofs such as rooftop gardens and farms, 

greenhouses, indoor and vertical farms etc., may not have the capacity to feed every large city, research 

indicates that less than one-third of the global urban area is required to produce the amount of vegetables 

consumed by city dwellers(Martellozzo et al., 2014). Among the different methods of urban farming, green 

roofs in the form of rooftop gardening/farming can play an essential role in achieving social, economic and 

environmental sustainability for a city (Safayet et al., 2017). In cities, lack of land and proper sunlight can 

be a significant challenge, and green roofs can be a solution to these challenges (Andres, 2017). As pointed 

out by Sara Ryttar, Uppsala Municipality landscape architect, lack of land and proper sunlight in cities can 

be an issue for UA, and green roofs can be solution becoming a space used for serious cultivations in the 

city (Interview with Sara Ryttar,2020).  Although community or allotment gardens, another form of urban 

farming is popular in Sweden, due to lack of land, in cities like Stockholm the citizens have to wait in long 

queues before they are granted an allotment (totallystockholm.se, 2013). Atrium Ljungberg, one of 

Sweden’s biggest listed property company, had built a rooftop garden at the height of 10 floors above 

ground on the terrace of a shopping mall, Söderhallarnas, located in the Medborgarplatsen area of 

Stockholm allowing 20 Stockholm residents to practice urban farming (Interview with Jennipher 

Bergqvist,2020).  

These green roofs can increase local food production by supplying fresh and hygienic products and reduces 

household expenditures for buying fruits and vegetables, as well as increase employment as improving the 

aesthetics of the city (Safayet et al., 2017). Properties with accessible green roofs can increase the property 

value by 11 % while buildings having green roofs for food production gain 7% on their property values, 

while neighbouring buildings with a view of a green roof could gain a value increase of 4.5 % and the ones 

that are adjacent to a rooftop food garden can have a value gain of 2-7 % (Tomalty et al., 2010). Roofs 

suitable for implementing green roofs for cultivation are also useful for installing solar panels to harness 

energy (Interview with Sara Ryttar, 2020). Kessling et al.,(2017) points out that there are several 

environmental benefits of the combination, such as an increase in the plant diversity on green roofs, 

decrease in the maintenance needed for the panels and a better climate and temperature for the solar panels 

to function better.  

The history of green roofs dates back thousands of years and through multiple cultures. The most famous 

green roofs were the Hanging Gardens of Babylon, constructed around 500 BC and were considered as one 

of the seven wonders of the ancient world (Kaluvakolanu, 2006). The Romans were known for planting 

trees on their institutional buildings, and the Vikings used to have sod roofs and walls to work as a thermal 

insulator to increase internal heat retention (Magill et al., 2011). Countries with sod or sedum roof as 

traditions include Sweden, Finland, Iceland, Denmark, Norway, Greenland, Vinland and the Faeroe Islands. 

However, it disappeared from Scandinavian towns during the 19th century and reappeared and became 

popular at the end of the 20th Century(ibid) (Scandinavian green roof Institute, n.d.). After the Second World 

War, European countries like Austria, Switzerland, Germany started to rebuild their cities with green roofs 
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on several buildings  (Magill et al., 2011). Among them, Germany is the birthplace of the modern-day green 

roof systems where the area of green roof expanded to 10 million square meters by the year of 1996 (ibid.). 

Conventional green roofs consist of vegetation, a growing media, root barrier to prevent damage to the roof 

surface, a drainage layer for removing the excess water and filter fabric to avoid clogging of the drainage 

layer with the media material or sometimes only growing modules or vegetated mats (Whittinghill et 

al.,2013).  Depending on the depth of the substrate layer, there are generally two types of green roofs: 

extensive (with soil thickness less than 10-15 cm) and intensive (with soil thickness more than 15-20 cm) 

(Jaffal et al., 2011).  

 

Extensive green roofs require minimal construction and maintenance costs as well as low soil layer weight 

and depth and generally consists of self-sustaining native species plants that requiring significantly less or 

no irrigation and are well adapted to local climatic conditions (Theodosiou, 2009). They can be applied to 

both flat and sloped roofs and to most existing types of building construction since the total additional load 

is relatively small (ibid.). Sedum roof is a type of extensive green roof where the vegetation on the roof is 

a typical low growing, drought tolerant with low biomass and requiring low nutrients (Magill et al., 2011). 

Intensive green roofs are characterised by a thicker soil layer that can support high-density vegetation, thus 

requiring regular irrigation during dry periods (Theodosiou, 2009). These roofs have higher initial and 

maintenance costs and can be applied only to buildings that can support the extra weight (ibid.). Intensive 

green roofs can hold more amount of water than the extensive ones and thus can be used for gardening or 

farming (Levallius, 2005). These roofs having a thicker layer of soil provides the building with better 

thermal insulation compared to extensive green roofs in the colder climate and can maximise the passive 

cooling in warmer temperatures (Theodosiou, 2009). 

Several intensive green roofs also include greenhouses (Interview with Hult,2020) which can produce food 

all-round the year even in colder climates with low-cost greenhouse designs without using fossil-based heat 

energy if the optimum amount of sunlight is available to heat the greenhouse (CSBR & CURA, 2013). 

Hodge et al. (2018) mention few of the greenhouse vegetable production without relying on fossil fuel-

based energy, such as the Chinese solar greenhouses widely used in northern China for vegetable production 

with outdoor temperatures below -10 ◦C, or the Upper Midwest farmers from the USA producing year-

round vegetables using season extension structures such as high tunnels or hoop houses. Another emerging 

technology is the deep winter greenhouse, that is designed to combine thermal mass and insulation to 

capture, store and use solar energy, making it possible to grow vegetables in colder seasons with little or 

no use of fossil fuel (Hodge et al.,2018). These year-round food growing technologies on urban green roofs 

can make the urban food system more resilient (RUAF, n.d.),  especially in times of crisis such as the 

COVID-19 pandemic which has severely affected the food supply chains globally (Evans, 2020) and in 

countries such as Sweden which imports 50-55% of their food products (Flanders Investment & Trade, 

2018). 

Palma (2012), gives an account of rooftop eco greenhouses (RTEG) system used in the Mediterranean 

climates and employing hydroponic systems such as aggregate culture where the plants are grown in 

containers filled with inert and/or organic substrates, as well as water culture involving bare-rooted plants 

cultivated in stagnant or flowing nutrient systems. By growing vegetables in water, containing minerals and 

nutrients needed by the plants, exact dosage and application of nutrients are possible to get nutrition-rich 

yields (Eigenbrod and Gruda, 2015). Two Zurich based companies, UrbanFarmers AG and Conceptual 

devices came up with the design of a dome-shaped greenhouse framed with bamboo having an aquaponic 

system to grow both fish and vegetables on flat rooftops (Boyer, 2012). 

 

Research to find yields of intensive green roofs based in various cities has been conducted throughout the 

world (Orsini et al., 2014) (Dang & Sampaio, 2020). The yields of the intensive green roofs widely depend 
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on several factors such as the local climate, the amount of sunlight received, the type of cultivation method 

applied, type of crop produced, type of soil and the substrate used, the irrigation method applied and the 

fertilisers applied (Boneta et al., 2019) (Sanyé-Mengual et al., 2015). Whittinghill et al., (2013) suggests 

that warmer temperatures, as well as fewer available pests on the rooftop results in higher yield and better 

quality of vegetables such as tomato and cucumber. Although there are several studies on the food growing 

capacity of green roofs in different cities around the world, very few researchers have focused on the cities 

of Sweden and none on Uppsala city, thus leaving a knowledge gap in understanding the potential of green 

roofs in the city of Uppsala to grow food. 

Green roofs can provide several environmental benefits such as reducing the urban heat island effect, 

improving the air and water quality and the biodiversity of the city (Whittinghill et al.,2013). Although 

extensive green roofs very little biomass and provides little cover against other predators, the use of native 

species of plants and giving space such as nest, roost boxes and voids can help attract wildlife to intensive 

green roofs such as roof gardens(Magill et al., 2011). Green roof vegetation and substrate helps to improve 

the water quality of runoff water by absorbing and filtering pollutants (Whittinghill et al.,2013). While 

rising temperatures during the summer months are leading to the demand of air conditioners and fans and 

increase in electricity consumption globally (IEA, 2019), implementation of rooftop farms or gardens on a 

large scale, will reduce the surface temperature thus lowering energy consumption required for cooling and 

lower the energy bill (Alhashimi et al., 2018). 

Historically, green roofs provided thermal insulation in cold climates and protected buildings from 

overheating due to solar radiations in warm temperatures and were widely used in buildings before the 

arrival of modern thermal insulation materials (Theodosiou,2009). Palma (2012) provides an example of 

the city of Merida in Mexico, where the phenomenon of thermal inertia causes heat to be accumulated 

during the daytime and then be released until dawn resulting in higher temperatures in the city, however, 

the areas in the city with considerable vegetation reported the lowest temperature. 

The topic of thermal insulation effects of green roofs on buildings located in different climatic conditions 

and the amount of heating and cooling energy that can be conserved has been addressed in several studies; 

e.g. (Palma, 2012) (Jaffal et al., 2011). In some scenarios, green roofs caused a 74% reduction of heat load 

caused by the rooftops, with the help of their thermal insulation property, lowering the annual energy bill 

of the building by 13 % (Palma,2012). From the total amount of solar radiation falling on the green roofs, 

about 60 % is absorbed by the green roof, and 27 % gets reflected, and the rest 13% is transferred to the 

buildings (ibid.). The vegetation layer (canopy layer) of the green roof representing the area covered by the 

plants, prevents the overheating of the green roof in summer by letting the foliage to absorb most of the 

incoming solar radiation and cools the air in contact by the process of evapotranspiration, thus making the 

green roof a heat sink and keeping the building colder (Theodosiou, 2009).  

Whittinghill et al., (2013) suggests that energy savings of an extensive green roof in comparison to a 

conventional roof is estimated between 1.2- 8.5 % over the life span of the roof and between 6 – 87 % 

reduction in cooling load during the summer depending on the building characteristics such as height, 

insulation as well as the distance of the floor from the roof. Intensive green roofs with a thick soil layer of 

0.5-0.9 m, can reduce thermal loses of building by half in colder climates (Theodosiou,2009). Palma (2012) 

accounts for a scenario of using RTEG (Rooftop eco greenhouse) system on a building and having heat 

energy transferred from the greenhouse to the building can result to the savings of 79% of the energy 

required to heat the building. 

Since the demand for heating is much greater than the cooling demand in the Uppsala city buildings, and 

there are very few studies focusing on the impact of green roofs on the heating demand of a building (Jaffal 
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et al., 2011), there is another knowledge gap in understanding the thermal insulating effects of green roofs 

in the buildings of Uppsala city and the monetary benefits that can be achieved by conserving energy. 

Vattenfall is the chief energy supplier of Uppsala city. Their fuel mix used by Uppsala Vattenfall contains 

55 % waste (1127 GWh), 29 % peat (587 GWh), 5 % wood (91 GWh), 4 % electricity (90 GWh), 3 % fossil 

oil (62 GWh), 3 % bio-oil (54 GWh),  1 % waste heat (23 GWh) supplying energy in the form of district 

heating (1307 GWh), electricity (191 GWh), process steam (101 GWh) and district cooling (63 GWh) 

(Vattenfall, 2019). The waste is composed of household and industrial waste, majority of which comes 

from Uppland, Södermanland and Västmanland, and sometimes imported from Great Britain, Ireland, 

Norway, and Aland (Uppsala Vattenfall, 2016). The peat is sourced from Härjedalen and Belarus, and when 

used, it is mixed with wood pellets and wood briquettes(ibid.). Currently, Vattenfall has invested in a project 

called Carpe Futurum involving the replacement of the old power plant in Uppsala city with a biofuel fired 

heat plant with a capacity of 112 MWth (Vattenfall, 2019). To ensure that the supplied biomass used as fuel 

comes from a sustainable source, Vattenfall ensures responsible cultivation and production of biomass by 

sourcing certified biomass and performing checks on suppliers(ibid.). Since district heating is a significant 

part of their business of Vattenfall, the energy conservation in the buildings of Uppsala city will help them 

save fuel in the generation process, thus providing them with additional monetary benefits. 

Vijayaraghavan, (2016) points out to few constraints related to green roofs, 

 

• Cost of green roof: Installation of green roofs along with its operation and maintenance requires 

significant investment, in comparison to conventional roofs. Since the green roof benefits such as 

improvement of air quality, reduction of urban heat island effects, ecological preservation, noise 

reduction and improvement of building aesthetics, are complex to quantify and do not translate 

indirect savings for the building owners and therefore it is difficult to justify the cost of green roofs. 

 

• Maintenance of green roofs: Depending on the type, the maintenance of green roofs can be severe 

and time-consuming. While extensive green roofs require simple maintenance, the intensive green 

roofs require detailed maintenance operations, such as constant watering especially during drought 

seasons, weeding as well as balanced fertilisation. 

 

• Lack of research: Apart from a few countries in Europe, America and Asia, the local green roof 

research is non-existent or inadequate, making it difficult for interested developers as well as 

policymakers to be aware of components for the green roof suitable to the particular geographical 

location, thus leading to imported parts that increase the investment and maybe even incompatible 

for the system, thus causing failures. 

 

• Roof leakages: Although studies show that green roof improves the roof life span by protecting it 

from ultraviolet, heat and cold waves as well as from any structural damage, careful assessment by 

experts and proper selection of green roof materials is required to avoid any damage while installing 

and operating the green roof. 

 

• Ultimate disposal of green roof components: At the end of life of a green roof, while some 

components such as the growth media can be reused for other purposes, disposal of the plastic 

materials, especially in the filter and drainage layer, can be a problem due to labour issues and 

environmental implications and sometimes the disposal cost corresponds to about 5 % of the total 

greenhouse cost. 

 

With all its widespread benefits and some constraints, intensive and extensive green roofs are being 

developed all over the world in several cities, including Stockholm thus creating an opportunity to produce 

food all year, even in the winter seasons during which traditional local farms cannot grow food (Sen, 2018). 

Uppsala city having similar weather conditions as Stockholm has great potential and opportunity of 
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implementing green roofs such as rooftop farms or gardens that would help the city to reach its future 

sustainability goals. As there is no previous research regarding the potential for green roofs in Uppsala city, 

it leaves space and an opportunity to investigate the potential and further investigate the benefits that can 

be achieved by green roofs in Uppsala city. 
 

 

1.3.  Outline 
This thesis consists of an Introduction (Chapter 1), Theory (Chapter 2), Methodology (Chapter 3), Results 

(Chapter 4), Discussion (Chapter 5) and Conclusion (Chapter 6). 

The first chapter (Introduction) is to present the research background and the aim of the thesis. The second 

chapter (Theory) explains the framework used to analyse the potential of the green roof in the city of 

Uppsala. The third chapter (Methodology) describes the way the research is conducted, the methods used 

and the limitations of the research. The fourth chapter (Results) presents the data obtained from the GIS 

study and calculates the capacity of food production for green roofs in Uppsala city. This part will also 

contain the calculations of the energy conserved in a building having a green roof. This chapter will also 

present the data obtained through a literature review. The fifth chapter (Discussions) analyses the results 

obtained in the previous chapter and answers the research questions. The sixth and final chapter 

(Conclusion) provides an overview of the results of the thesis and answer the aim of the research, along 

with a suggestion for further research. 

 

2. Theory 
For this research, focused on resilience aspects of urban green roofs, the aspect of Energy and Food security 

(EF security) is stressed. While food security is the primary concern of this research, green roofs also have 

a significant potential for reducing the energy use of buildings and strengthening energy security.  

2.1.  Urban Resilience 
The concept of resilience first originated and developed in the field of physics and psychology and has been 

traditionally used in as a measure of stability and the system’s ability to face external shocks and stress and 

return to its equilibrium state (Sharifi and Yamagata, 2016).  

While discussing the concept of urban resilience, Ribeiro and Pena Jardim Gonçalves (2019), analysed 

several kinds of literature in different research fields such as, agricultural and biological sciences, 

engineering, environmental and social sciences, business management and accounting, psychology, energy, 

earth and planetary sciences, and concluded that urban resilience is “the capacity of a city and its urban 

systems (social, economic, natural, human, technical, physical) to absorb the first damage, to reduce the 

impacts (changes, tensions, destruction or uncertainty) from a disturbance (shock, natural disaster, changing 

weather, disasters, crises or disruptive events), to adapt to change and to systems that limit current or future 

adaptive capacity.” 

As identified by Ribeiro and Pena Jardim Gonçalves (2019), there are five dimensions of urban resilience, 

physical, natural, economic, institutional, and social, having four fundamental pillars, recovering, adapting 

and transforming.  

They also pointed out that urban resilience has five most relevant characteristics of,  
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• Redundancy- The dependence of the system on several components that are functionally similar, 

so that the failure of a single element does not lead to the collapse of the system. 

• Robustness- The system’s ability to resist external forces by anticipating system failures and 

ensuring that such losses are predictable and secure. 

• Adaptation- The system’s ability to learn from experience and to be flexible in case of a change. 

• Resources- The system’s resource, to be utilised in response to disruptions faced by the system. 

• Innovation- The ability of the system to quickly find different ways to restore its critical functions 

while facing shocks and stress, under severely limited conditions. 

Although there are existing tools to measure sustainability in multiple aspects across interdisciplinary fields, 

the means for assessing urban resilience is primarily focused on single or specific areas, and a framework 

needs to be developed that covers various aspects of urban resilience (Sharifi and Yamagata, 2016).    

The concept of resilience is closely related with sustainability and security, and while sustainability and 

security can be considered as a goal for the system, the resilience is the system’s characteristics that 

connects them both  (Keskinen et al., 2019). 

       

2.2. Food Security 
The concept of food security is flexible, and a few decades ago, there were about 200 definitions in 

published writings (FAO, 2002). The term first originated when the  1974 World  Food Conference defined 

food security in terms of availability of essential food items as well as their price stability in an international 

and national level (FAO, 2006). On 1983 FAO while focusing on the aspect of food access defined food 

security based on the demand and supply side essential food items which were later revised to include the 

individuals and household perspective(ibid). 

The World Bank’s report on 1996 highlighted the need multi-layered approach in the concept of food 

security and on the same year, the World Food Summit (1996) while defining food security included the 

multidimensional aspects such as the availability of sufficient quantities food of appropriate quality, access 

of all individuals to an adequate and nutritious diet, utilisation of food through proper diet along with other 

non-food inputs such as clean water, sanitation and health care to reach a state of nutritional wellbeing, and 

lastly to ensure a stable availability and access to food at all times (Fogelqvist et al., 2019). For this thesis, 

the definition of food security is extracted from a 2015 joint report presented by Food and Agricultura 

Organization (FAO), International Fund for Agricultural Development (IFAD) and World Food Program 

(WFP), and the definition is: 

A situation that exists when all people, at all times, have physical, social and economic access to sufficient, 

safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life. 

Based on this definition, four food security dimensions can be identified: food availability, economic and 

physical access to food, food utilisation and stability over time (FAO et al., 2015). Nutrition security is also 

an essential aspect of food security, and according to FAO, every person should have secure access to 

appropriate nutritious diet along with proper sanitary environment and adequate health services to ensure a 

healthy and active life (Hwalla et al., 2016). In the presence of abundant calories, low affordability of 

households can make the nutritious food unavailable and inaccessible, leading to malnutrition or forcing 

them to sacrifice food quality or variety over food quantity to avoid hunger, thus leading to obesity(Ibid.).  

Since the definition of food security is broad, this thesis focuses on the stability aspects of food security. 

On a report on the state of food insecurity in a global context, FAO highlighted that the international efforts 
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to reduce hunger had fallen far short of the pace required to reach the goal of halving the world hunger by 

2015 (Pingali et al., 20015). The 2020 edition of The Global Report on Food Crises reveals a dire picture 

of global acute food insecurity and malnutrition, stating that at the end of 2019, 135 million people in 55 

countries and territories faced acute food insecurity. Also, 183 million people live in stressed food insecurity 

conditions and have a high risk of sliding to critical food insecurity condition in the future (Global Network 

Against Food Crises, 2020). The report also suggests that 17 million children from 55 countries suffered 

from malnutrition and about 55 million children had stunted growth due to chronic malnutrition (ibid.). 

In over the last two decades, the number of food emergencies such as flood, droughts, armed conflicts and 

the spread of pandemics, has risen more than 30 per year from the year 2000 onwards (FAO, 2006). 

Currently, the world is facing the COVID 19 pandemic, and according to the new figures from World Food 

Program (WFP), lives and livelihoods of 265 million people living in low and middle-income countries will 

be under severe stress with about quarter of a billion people will suffer from acute hunger by the end of 

2020 (Anthem, 2020). 

Experts mention that the pandemic COVID 19 has five major threats to global food security, 

• COVID-19 poses a significant threat to nations suffering from poverty and poor healthcare 

infrastructures. 

• The pandemic may prove deadly for people suffering from chronic or acute malnourishment. 

• It may cause breaks in food supply chains causing food shortages and food price hikes, especially 

in countries that are heavily relied on imported food. 

• It may cause the global economy to slow or fall into recession resulting in extreme poverty and 

hunger 

• The pandemic poses a significant threat to nations lacking robust social safety nets since less than 

20 % people living in low-income countries have access to social protection of any kind and fewer 

have access to food-based safety nets (WFP, 2020).  

As mentioned earlier, the COVID 19 pandemic poses a significant challenge to the global food supply. 

With many countries under a lockdown or enforcing rules of social distancing, planting and harvesting 

activities will suffer due to lack of labour, and exporting countries may restrict their food exports to ensure 

food safety for their domestic consumers leaving countries that rely heavily on imported food items at risk 

(Jordan, 2020). 

Similar to other countries all around the world, Sweden is also facing the COVID 19 pandemic crisis. On 

13th March 2020, the Swedish government published a report given the current pandemic stating that 

Sweden has adequate food security and there is no need for private individuals to stockpile food(Ministry 

of Enterprise and Innovation, 2020). However, they advised people to always be prepared with reasonable 

supplies of dry goods and tinned foods, following the recommendations of the Swedish Civil Contingencies 

Agency and the National Food Agency (ibid.). Sweden with 50-55% of food imports (Flanders Investment 

& Trade, 2018) needs to have a resilient food system as a long term solution to maintain food security and 

resist shocks from crisis similar to the current pandemic.  

According to Pingali et al. (2005), strategies that will improve the resilience of a food system should be 

based upon a few principles: 

• To strengthen the diversity of the food system 

• To rebuild the local institutions and traditional support networks 

• To reinforce the local knowledge about farming 
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• To build farmers ability to adapt and reorganise in times of crisis  

They also argue that the focus should be on reconstructing the capacity of communities to find rapid and 

flexible solutions to the problems and the responsibilities and power should be distributed appropriately 

among the stakeholders and interest groups (Pingali et al., 2005). Since the local aspects have a strong 

influence in improving the resilience potential of food systems, UA systems mostly green roofs, have a 

strong potential to increase the in a local and national level. UA is extremely heterogenous and adds 

diversity to the urban food system and can reconnect with the community through food, jobs and economic 

development (Siegner et al., 2018). The availability of local, healthy and cheap supply of fruits and 

vegetables from UA systems such as green roofs, are generally fresh and nutritious than imported food 

leads to an overall increase in food intake and improved nutrition and is of particular importance for elderly 

people and small children in the household having special nutritional needs (Eigenbrod and Gruda, 2015). 

Biodiversity is the basis of agriculture and protecting and promoting biodiversity in our existing agricultural 

systems is the key to make global food systems to be more resilient (URBES project, 2014). UA such as 

green roofs can act as urban wildlife corridors and help to increase the biodiversity of the city thus 

increasing ecosystem resilience as well as the resilience of the food system (Krishnan et al., 2016) (Mayrand 

& Clergeau, 2018). Therefore, urban green roofs can be viewed as a direct contributor to improve food 

security and make the food system more resilient. 

2.3.  Energy Security 
Historically energy security has always been defined in the context of national energy security, often to 

ensure the supply of cheap and secure oil (Ehrling, 2019). Over the last two decades, the concept of energy 

security has evolved from political-economic studies of oil supplies for industrialised nations to a field 

addressing a much wider range of energy sectors and challenges such as climate change, geopolitical threats 

against the vital energy infrastructure and energy sources as well as providing affordable and clean energy 

for everyone leading to a variety of contradictory interpretations of energy security in scholarly and policy 

literature (Cherp & Jewell, 2014) (Ehrling, 2019). 

With these contradictory interpretations, different countries have different political actions to meet energy 

security. While some countries impose energy security by ensuring energy independence and increasing 

renewable energy shares, few countries view the goal of energy security as an aim to protect the poor against 

energy price volatility, for some other countries, the goal is to protect the economy against disruptions of 

the energy of energy supply and services (Winzer, 2011). 

Johansson (2013) while discussing energy security, viewed energy and security from two different 

perspectives, once as an energy system that is exposed to security threats and the other in which energy 

system can pose as a threat to human, national and societal security. While energy systems need the security 

of supply of energy and the security to demand or energy consumption, the energy system itself can pose 

as threats to economic, political, technological and environmental aspects of the society (Johansson, 2013).  

The concept of energy security can be understood with the help of three questions posted by Baldwin 

(1997), 

• Security for whom or for what actor: The concept of security for who is subjective and the question 

of energy security for what actors depends on scenarios. The answer can be energy security for an 

individual, the state or for the global systems 

• Security for which values: Individuals, states and other social actors have different values and the 

failure to specify which values are to be included in the concept of energy security often generates 
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confusion. Since policymaking in society relies on numerical measurements for things to be 

valued, often human values are generally not taken into consideration (Ehrling, 2019).   

• Security from what threats: With the element of time being involved, this question raises the issue 

whether energy security should protect the system against long or short term threats and to what 

threats such as climate change, poverty, war, resource depletion or sudden price changes should 

energy security address. 

For this thesis, energy security is understood as “low vulnerability of vital energy systems” as proposed by 

Cherp and Jewell (2014). Vital energy systems are systems that include energy resources and technologies 

that are linked together by energy flows and are used to support critical social applications (ibid.). Energy 

infrastructures, oil supplies to armies, renewable energy sources, as well as energy services, are a few 

examples of vital energy systems (ibid.) Sharifi and Yamagata (2016) listed out some threats and challenges 

associated with urban energy systems caused due to climatic issues such as the rise in extreme events like 

typhoons, extreme precipitation, bush fires, droughts, extreme temperatures and water scarcity,  as well as 

non-climatic issues such as fossil fuel resource depletion, volatility of global energy markets, old and 

inefficient infrastructures causing technical deficiencies and failure, political instability and geopolitical 

conflicts, terrorism and vandalism, cyber-attacks, electricity theft, population increase and lifestyle 

changes, along with the usage of non-clean and inefficient fuels and energy systems. They point out that 

disruptions in energy supply can cause severe damage to the effective functioning of the urban economic 

systems as well as cause severe problems in the functionality of urban systems related to the energy-water-

food-health nexus (ibid.). 

Low vulnerabilities include natural risks such as physical or economic and any stress and shocks to the 

system, as well as risks that are due to intentional actions or from any unpredictable natural and technical 

factors (Cherp & Jewell, 2014). Low vulnerability also involves the resilience of the system that allows the 

system to have diversity and be flexible, allowing them to bear any shock or stress caused due to 

unpredictable factors(ibid.). Sharifi and Yamagata (2016) propose that to meet the four dimensions of 

energy security, “availability, accessibility, affordability and acceptability”, a resilient urban energy system 

should have the ability to plan and prepare for adverse events in the future along with the ability to absorb, 

recover and adapt when such an event occur.  

A practical example of the need to implement energy efficiency improving the resilience of the vital energy 

system is the case study of a Florida nursing home where air condition outage caused by Hurricane Irna in 

2017 led to high rise in indoor temperature of the building resulting to the death of 12 senior citizens (Suna 

et al., 2020).  

Carmichael & Jungclaus (2018) points out that energy efficiency is a critical component of a resilient energy 

system by delivering five significant values to the system: 

• By lowering the energy loads and thus reducing the backup power requirement as well as the size, 

cost and complexity of electrical infrastructures and other supporting technologies are reduced. 

• By reducing the need for less fuel to do the same work during short outages and less frequent 

refuelling during a long outage, the dependence on outside fuel sources is reduced. 

• By decreasing the life cycle costs of systems since energy-efficient systems although having higher 

upfront cost they have a lower life cycle cost than inefficient energy systems 

• By providing grid services such as demand response, peak shaving, frequency and voltage 

regulation, as well as load flexibility more revenue, can be generated to support the grid for the 

future 
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• By reducing the operational costs through lower energy, operations and maintenance costs, 

organisations can fund other operations to reach their sustainability and resilient goals (Carmichael 

& Jungclaus,2018).  

A practical example of the need to implement energy efficiency improving the resilience of the vital energy 

system is the case study of a Florida nursing home where air condition outage caused by Hurricane Irna in 

2017 led to high rise in indoor temperature of the building resulting to the death of 12 senior citizens (Suna 

et al., 2020).  

Energy efficiency measures such as green roofs can reduce the urban heat island effects in a city and if 

implemented on a large scale, will reduce the surface temperature thus lowering energy consumption 

required for cooling and lower the energy bill for buildings (Alhashimi et al., 2018). 

Green roofs can reduce 75% of the heating loads in summer months (Mahmoodzadeh et al., 2019). The 

topic of thermal insulation effects of green roofs on buildings located in different climatic conditions and 

the amount of heating and cooling energy that can be conserved has also been addressed in several studies; 

e.g. (Palma, 2012) (Jaffal et al., 2011).  

The energy systems that power the city of Uppsala will be significantly benefitted by the implementation 

of green roofs for reducing urban heat island effects and providing better insulation to buildings thus 

lowering and stabilising demands in the peak hours and contribute to a more resilient local energy system 

improving the energy security of the city (Rostang, unpublished report).  

Thus, green roofs can improve the food and energy security for Uppsala city, making the city more resilient 

in times of crisis. 
 

 

3. Methodology  

3.1. Research Design 
The thesis uses both qualitative and quantitative methods. A qualitative approach in the form of a literature 

review and interviews was conducted. The purpose of the literature review is to provide a background for 

the thesis along with finding data about the yield of green roofs and the energy saved due to thermal 

insulation effect. The interview is to gain information about the prospects of green roofs in Uppsala city 

and to learn about ongoing green roof projects operating around Uppsala city. 

The quantitative method involves GIS mapping of the rooftops in Uppsala city to identify and quantify 

rooftops that are suitable for growing food. Furthermore, the result of the GIS mapping will be used to 

calculate the capacity of food (tomato, chilli and cabbage) that can be grown on these rooftops and the 

percentage this grown capacity can contribute to the total vegetable (tomato) consumption of the population 

of Uppsala city. 

The findings of the literature review will also be used to calculate the energy that can be conserved in a 

building having a green roof. 
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3.2.  Literature Review 
To gain an understanding of green roofs and to answer the research question in this thesis, a literature review 

was first conducted to explore existing literature. 

Bryman (2012) points out the reasons for doing a literature review: 

• To understand and learn what is already known about the field of research. 

• To learn about the concepts and theories that are relevant to the research area. 

• To understand what research methods and strategies are employed in studying the research area. 

• To understand if there are any significant controversies in the research area. 

• To understand and learn if there are any inconsistencies or unanswered research questions in the 

research area. 

Primarily the focus was to find studies on green roofs, to know and understand the types of green roofs and 

their several different uses, their working principle, types of plants that can be grown on green roofs 

depending on weather conditions, as well as the requirements of a building to have a green roof. Since the 

thesis is focused on Uppsala city, the research was done in an urban context to understand how green roofs 

can add more resilience to the food and energy system of the city. The focus was also to learn about ongoing 

green roof projects all around the world, especially in Sweden, which led to finding potential candidates 

for the interview method.  

Since the first objective of the research is to calculate the capacity of food that can be grown on potential 

green roofs in Uppsala city, the literature studied were mainly based on developed countries having similar 

climatic conditions and demographics with an aim to determine what can be grown on green rooftops in 

such climates and how much yield can be received depending on the type of agricultural methods used. The 

study was also conducted to find researches based out of Sweden to get an insight into the similar researches 

which are already conducted. 

To calculate the thermal insulation benefits of the green roof, research was carried in search for similar 

literature that had been conducted on the subject of energy conservation with the help of green roofs. Since 

the demand for heating is much greater than the cooling demand in the Uppsala city buildings, the studied 

literature is mainly focused on the thermal insulation effect of green roofs and its impact on the heat energy 

demand of a building. Based on the literature review, theories for the theoretical framework that was best 

suited to meet the purpose of this thesis was identified.  

The literature conducted in this research were searched through Google search engine, Uppsala University 

library search engine and Google Scholar in the order of how frequently they were used. Most of the 

literature consisted of journals, followed by other kinds of researches, news articles, websites and published 

literature. 

3.2.1 Limitations of the Literature review 
Mallett et al.,(2012) points out that literature reviews should be backed up with correspondence with the 

author of the included studies and subsequent replication or reproduction of their results which are not 

feasible in case of this thesis due to time and resource constraints. This is a significant limitation for this 

thesis since the calculations to find the food growing capacity of green roofs in Uppsala city are based on 

the yields obtained from other green roof projects studied by other researchers.  

Since there is not yet much research conducted on the food growing capacity of green roofs in Sweden, the 

literature reviewed was mainly focused on studies of green roofs based in other countries having similar 
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climatic conditions of Uppsala city. In the case to find thermal insulating effects of green roofs in Sweden, 

the lack of research data also led to reviewing other types of data such as news articles or websites.  

 

3.3. Interviews 

The objective of the interview was to learn about the operation of already existing green roofs located 

around Uppsala city to understand the green roof potential of Uppsala city. Both structured and semi-

structured interviews were performed with the purpose of data gathering since research interviews are 

prominent data collection strategies used in both quantitative and qualitative research (Bryman,2012).  

Interviews can be divided into three categories based on their structuring, structured interviews, semi-

structured interviews and unstructured interviews.  

Structured interviews also sometimes known as standardised interviews are a typical form of interviews 

used in survey research, and this type of interviews are usually particular containing closed or fixed choice 

questions thus very often offering the interviewees a fixed range of answers(Bryman,2012). While 

structured interviews are focused on the accuracy of different responses resulting in the collection of 

organised data often generating reliable results, this type of interviews usually have a limited scope of 

assessment since researchers are expected to always adhere to a list of decided questions, and sometimes 

the accuracy of the information overpowers the details of the information (Rashidi et al., 2014). 

In case of unstructured interviews, neither the questions nor the answers are pre-determined, and the 

interviews are based upon the spontaneous generation of questions in the flow of an interaction (Zhang & 

Wildemuth, 2016). Bryman (2012) mentions that in the case of unstructured interviews, the interviewer has 

a list of topics or issues which are to be covered, and the questioning involved is usually informal. The 

course of the interview depends upon the responses of the interviewee and the random questions following 

the reaction. Although this type of interview does not allow any pre-conceived bias of the researcher or the 

interviewer to affect the interview, these interview types offer little assurance about covering all the relevant 

topics (Young et al., 2018).  

Semi-structured interviews are similar to structured interviews, where the interviewers have a set of 

questions and can vary their sequence to their liking and can ask further questions to the interviewee in 

response to significant replies(Bryman,2012). The flexibility offered by this kind of interview makes it 

suitable for the investigation of complex issues (Young et al., 2018). Adams(2015), specifies that semi-

structured interviews are superbly suited, particularly when open-ended questions require to follow up 

queries. However, he points out that semi-structured interviews to be time-consuming, labour intensive and 

need the interviewer to be smart, sensitive as well as knowledgeable about the relevant substantive issues. 

The open-ended questions allow the interviewers to stray from the set interview guide and provides them 

with the opportunity to identify new ways to understand the researched topic (Stuckey, 2013). 

Ryan et al. (2009), talks about-face to face interviews and points out that conducting them gives the 

interviewer with an opportunity to enhance their understanding by interpreting “non-verbal cues through 

observation of body languages, facial expression and eye contact”. Due to the ongoing COVID-19 

pandemic, mobility is severely restricted causing other mediums of interview such as telephone, email or 

various video calling applications (e.g. Skype, WhatsApp, Google Meet), to be increasingly preferred over 

the face to face interviews. Ryan et al. (2009), also points out that interview through email offers a more 

sensitive way of communication and minimises the problems associated with interviewee’s self-

consciousness and a difference in status between the interviewer and the interviewee.   
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The interview with Uppsala Kommun landscape architect, Sara Ryttar was a semi-structured face to face 

interview at the building of the Uppsala Kommun, on 16th January 2020. The interview lasted for 48 

minutes, and the interview aimed to realise the initiatives undertaken by Uppsala Kommun to encourage 

green roofs such as rooftop gardens in the city. The interview was recorded with the consent of the 

interviewee using the in-built audio recorder in the cellular phone along with interview notes as backup 

data. Poland (1995), points out that taking interview notes is essential since it helps to overcome difficulties 

related to the quality of audio records. 

Another face to face interview was conducted on 6th February 2020 with Per Tjader, who is an organiser of 

the Flogsta Food garden, which is a community garden located in Uppsala city. This interview type was 

non-structured, and hence there were set topics rather than questions to be discussed. The interview 

occurred at the Flogsta Food garden, and the interview aimed to learn about vegetables that are suitable to 

be grown in Uppsala city weather along with growing season as well as the difficulties in cultivating those 

vegetables especially in the freezing temperatures of the night. The interview was recorded with the consent 

of the interviewee using the in-built audio recorder in the cellular phone along with interview notes as 

backup data. Both the recorded interviews were transcribed manually for thorough analysis. 

The rest of the interviews were conducted via email. These interviews were structured, having a set of open-

ended questions for the interviewees to answer, and this method helped to explore the answers that had a 

greater significance for the subject, as well as to ask further questions if the responses were not clear. 

Ratislavová and Ratislav (2014), pointed out that interviews conducted via emails lack the non-verbal and 

paralinguistic cues and should be used for qualitative research in justifiable cases and not as a cheap 

alternative to face to face interview. Due to the ongoing COVID-19 pandemic, the interview respondents 

chose email interviews over the face to face interview method. The semi-structured interview as well as 

open-ended questions in the interviews conducted via email  

The first among them was the interview with Christopher Hult representing Takfarmen, a commercial 

rooftop farm located in Västerås. Another interview via email was conducted with Jennipher Bergqvist, 

Marketing Manager of Atrium Ljungberg about green roof projects in the form of rooftop gardens over 

their buildings at Söderhallarnas. Both these interviews were aimed to learn about operational green roof 

projects located around Uppsala city along with the benefits and the constraints associated with the projects. 

The third and final interview via email was with Fredrik Starfelt representing Vattenfall, the primary energy 

supplier of Uppsala city to learn more about the thermal energy supplied to the buildings and about the 

monetary benefit that can be obtained by conserving thermal energy in the buildings.  

The interviews were one of the qualitative data collection methods used in this thesis. This method was 

chosen in this thesis because this study aims to look into specific cases of green roof projects and collect 

specific types of information such as the vegetables grown in different climatic conditions along with the 

yields received as well as the energy saved (KWh /m2) in buildings with the application of different types 

of green roofs. The interviews helped to gather more detailed answers and responses compared to surveys, 

and this qualitative method enabled the respondents to develop their solution and to define or describe an 

event better than quantitative methods (Sen, 2018). 

3.3.1. Limitations, source evaluation and ethical considerations 
One major limitation of the interview method is the limited number of interviews that was possible to be 

conducted for the thesis. Although emails with a request for an interview were sent to several organisations 

working with green roofs or other urban farming methods, only a few of them responded. When contacted 

through phone calls, many of the organisations did not respond while a few answered that they are unable 
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to provide time for an interview due to the situation created by the current pandemic COVID- 19. Since 

there are only a few numbers of ongoing green roofs projects around Uppsala city and among them only 

one was interviewed, the data collected as well as the in-depth understanding about the operations of the 

green roofs was limited.  

Ethical guidelines provided by Vetenskapsrådets (2010) and The National Committee for Research Ethics 

in the Social Sciences and the Humanities (2016) were used during the interviews. Sen (2018) mentions the 

four main criteria within the guidelines of good science that are elaborated by Vetenskapsrådets (2010). 

Firstly they mention that respondents should be informed about the purpose and the structure of the 

interview, secondly, the interviewee should be advised that the interview is voluntary. Their approval 

should be sought before recording the interview; thirdly the interviewees should be assured that no 

individual or individuals would have access to the data collected without their consent and finally the 

information and material collected should not be used for any other purpose other than the thesis (Sen,2018). 

 

3.4. GIS Study 

To identify how many roofs in the city of Uppsala are potentially suitable for green roofs and to calculate 

their area in m2, a quantitative method using GIS (Geographic Information System) was applied. GIS can 

organise layers of information into visualisations using maps and 3D scenes and helps the user to analyse 

spatial locations using the statistical and analytical tools that are part of GIS (ESRI, n.d.). Usually, GIS 

displays visual information of geographical data, but it could also be used as a suitable tool to analyse 

different types of data of a specific area and to solve problems (Sen,2018). GIS helps the users to make 

better decisions by revealing deeper insights of the data such as patterns and relationships and situations 

that might otherwise have gone unnoticed without the use of GIS techniques (contributor, 2012). One 

example of the practical applicability of GIS is the interactive real-time Arc GIS map created by the John 

Hopkins University (JHU) to track coronavirus (COVID-19) cases globally by collecting information from 

a wide range of data sources (Dempsey, 2020). 

To find buildings that are a suitable site for green roofs, Freisinger et al.,(2015) and Sanyé-Mengual et al. 

(2015), mentions that the location of the building and its construction details along with site-specific criteria 

should be taken into account and carefully studied while selecting the suitable space. 

While looking for building rooftops suitable for commercial rooftop greenhouses in the city of Stockholm, 

Sen (2018) mentions that many of these criteria are time-consuming to be studied in a short time limit and 

elaborates few of the measures that were relevant for her research, such as: 

• Legal Aspects- Sen (2018) mentions that the property owner’s agreement to a green roof project as 

well as the legal aspects and constraints associated, to be the most essential and crucial criteria for 

selection of the rooftops. 

 

• Rooftop area and design- Flat roofs are most suitable for green roofs, especially for rooftop 

greenhouses. However, depending on the cultivation method chosen, and green roofs can also be 

implemented on slightly inclined roofs (Freisinger et al.,2015). 

Berger (2013) mentions that suitability for a green roof is independent of its size. However, he also 

argues that the area dictates the scale of the project and in case of commercial aspects, larger roof 

size increases the profitability of the project.  He classifies roofs into three different categories as, 

small scale agricultural operations for rooftops under 465 m2, medium-scale farm or greenhouse on 

roofs with the area between 465 m2and 3700 m2, and large scale farming operations on roofs above 
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3700 m2 (Berger,2013). Sen (2018) suggests that for commercial greenhouse projects to be 

economically viable, roofs should have a minimum area of 1000 m2. Still, the area can also be smaller, 

depending on the height of the greenhouse and the yields achieved as well as the sales planning. 

 

• Construction details of the roof- The suitability of rooftops to be used as a green roof for agricultural 

purposes depends on its ability to bear the weight of the green roof materials such as the agricultural 

substrate and the drainage materials and equipment needed to operate as well as the moving weights 

of the workers (Whittinghill and Starry, 2016). Freisinger et al.,(2015) mentions that in the case of 

having greenhouses on rooftops, the load of the greenhouse structure, as well as snow and live 

loads, should also be considered. Sanyé-Mengual et al., (2015) mentions that greenhouses are more 

suitable to be built on roofs made of reinforced concrete which increases the roof’s stability rather 

than roofs made of metal (both steel and aluminium structures). 

 

Since the construction design of the rooftop can vary from four different types, warm, cold, inverted 

and water-impermeable concrete roof, the roof’s design and material should also be investigated as 

an essential criterion (Sen, 2018). For the rooftop garden constructed by Atrium Ljungberg on the 

terrace of the shopping mall, Söderhallarnas, Stockholm, the weight limit is 150 kg/ m2, and at a 

time 150 visitors are allowed on the rooftop due to the weight issue(Interview with Jenipher 

Bergqvist, 2020). 

 

• Wind load on rooftops- Since wind speed is faster on the roofs than on the ground, for buildings 

that are very tall, high wind speeds and wind drag loads should also be considered (Freisinger et 

al.,2015) since it may cause soil/substrate erosion (Whittinghill and Starry, 2016). 

 

• Historical values and attributes of a building- Historical buildings or buildings located in 

neighbourhoods having historical values are essential criteria to look into since there can be local 

restrictions to use such buildings. 

 

• Height and accessibility- Srivastava, (2011) suggest that green roofs can be installed over buildings 

of any size as long as it is accessible for maintenance. Although Freisinger et al. (2015) argue that 

if buildings are very tall, high wind speed and wind drag loads must be considered. While analysing 

building suitability for green roofs in New York City, Berger (2013) suggested that buildings 

having ten floors or less are more suitable for green roofs. He pointed out that rooftop conditions 

above ten floors are to be less favourable for plants and logistics movement such as the movement 

of people, supplies and the produced goods. Although he also mentions about successful green roof 

projects such as rooftop farms above buildings having more than ten floors such as the Fairmont 

Royal York Roof Garden located above 18 floors in Toronto (Berger,2013). 

Improper accessibility to the roof can be a barrier to implement and maintain green roofs (Kortright, 

2001). Freisinger et al., (2015) suggest that accessibility to the green roofs should be based upon 

the concept of what the green roof is used for and in some cases, such as a greenhouse, access 

should be severely restricted to qualified horticulturalists to reduce the risk of plant diseases in 

production. 

 

• Sunlight- Sufficient sunlight is necessary for plant growth keeping in mind that excessive solar 

radiation and heat stress can damage the plant (Freisinger et al.,2015). Rauhala, (2019) classifies 

green roofs into three categories, sunny rooftops for plants requiring 3-4 hours of sunlight, shaded 
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roofs for plants that can tolerate less than 3 hours of sunlight per day and sunny to shaded roofs for 

plants that can tolerate sunlight between the maximum and minimum range. 

 

• Building year- Building construction year is an essential criterion for rooftop selection since the 

construction year of the building correlates with a living roof load capacity of the roof which is 

critical to understand what kind of green roof project can be implemented (Berger,2013). Sen 

(2018) also suggests that the roofs can be strengthened in later periods to make them suitable to 

bear weights of green roofs. 

Sen (2018) suggests that among the above criteria, the construction details of the roof, its weight-bearing 

capacity and height of the building are crucial for investigating the feasibility of a green roof, although she 

also mentions that all buildings are unique and to implement a green roof project, the building should be 

further investigated.  

For this thesis, the majority of the previously presented criteria are too time-consuming to be investigated. 

Therefore the feasibility of a green roof was studied with the help of two variables, a flat rooftop area and 

the availability of optimum sunlight to grow foods.  

 

3.4.1. Operationalisation GIS study 
The software ArcGIS 10.7 is used for the GIS analysis. The Coordinate Reference System being used is 

SWEREF99 TM with Authority ID EPSG:3006 to ensure that the distance calculations have minimal error 

margin. Uppsala city’s border is defined under the Uppsala tätort which comprises 36 districts and using 

NYKO2017_nivå3 obtained from Uppsala Kommun’s official database Opendata.uppsala.se, and the 

limitations on the map are drawn, keeping the relevant city limits while discarding the surrounding towns 

and districts (Rostang, unpublished report).  The district borders and satellite map are each located on 

individual layers, and a separate layer is created to identify the flat roofs.  

The study of the potential roofs is conducted in three phases. 

In the first phase, buildings with flat roofs are identified, and since ArcGIS 10.7 program cannot distinguish 

flat rooftop surfaces and the ones with inclinations, every building is individually studied. Google satellite 

map is used as a reference map to have a better view of the building rooftops and to understand their 

inclination. Each building’s roof area is studied irrespective of the building height, and if the rooftop is flat, 

polygons are drawn on the roof to measure the roof area and are marked in pink colour. The rooftop area is 

interpreted to exclude roof obstructions such as chimneys or air conditioners.  

After selecting the buildings with flat rooftops and measuring their areas, the second phase involves 

studying the solar potential on the rooftops. For this purpose, the solar radiation map from the Uppsala 

Kommun (Uppsala Kommun, 2020) is used as a reference, and each building rooftop which is marked with 

pink colour are individually studied. The flat roofs that receive the optimum amount of sunlight are marked 

as V1, and the roofs that do not have a large solar potential are marked as V2 and are not considered in 

future calculations. 

In the third and final phase, the buildings with flat rooftops having large solar potential, also marked as V1 

are divided according to their size. The roofs having area bigger than 1000 m2 are considered suitable for 

rooftop greenhouses and are marked as V3 and the rest of the V1 buildings, are considered for open-air 

farming. Although Berger(2013) claims that flat roofs with areas equal or above to 465 m2 can be regarded 

as suitable for greenhouses, for this thesis the suggestion of Sen (2018) to have greenhouses on flat roofs 
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with areas equal or above than 1000 m2 is considered. 20 % of the roof area is reserved as space for 

walkways, water reservoirs or other necessities for operating green roofs, keeping the rest 80% available 

for food production. 

 

 

Description 

 

Value 

(V) 

 

Roofs which are flat and have large solar potential 

but smaller than 1000 m2 

1 

 

Roofs which are flat but have low solar potential 

2 

 

Roofs which are flat and have large solar potential 

but larger or equal to 1000 m2  

3 

 

Table 1: Building classification 

 

3.4.2. Limitations of GIS study 
The geographical data used for analysing, problem-solving, or to create new data depends on the existing 

data of a specific area (Sen, 2018). Criteria such as building year, legal agreements as well as other technical 

information such as the material of the roof or its load capacity has not been taken into account since such 

investigation takes time and therefore not feasible in case of this thesis project. 

Since the Arc GIS 10.7 software cannot identify flat roofs, every building is individually studied, leaving a 

room for errors such as roofs with some level of inclination may have been included, while a few flat roofs 

may have been overlooked and thus omitted. To avoid this error, the different areas are studied multiple 

times, but it is still not guaranteed that all buildings with flat roofs got included. The similar mistake might 

also be generated while exploring the solar potential of the rooftops since every rooftop is manually studied. 

Furthermore, since obstructions on the roofs such as chimney and air conditioners were ignored while 

calculating the area of the rooftops; therefore, in reality, the area of the green roof would likely be smaller.  

 

3.5.  Plant selection, its yield and method of production  
Globally a wide variety of crops have been produced in green roofs, including different herb species, 

peppers (hot and sweet) (Capsicum annum), tomatoes (Solanum lycopersicum), carrots (Daucus carota), 

fennel (Foeniculumvulgare), beets (Beta vulgaris), beans (Phasiolus vulgaris), peas(Pisumsativum), 

pumpkin (Cucurbita spp), zucchini (Cucurbita pepo), squash(Cucurbuta spp), eggplant (Solanum 

melongena), turnip (Brassica rapa), broccoli (Brassica oleracea), ground cherries (Physalis), sweet 

potato(Ipomoea batatas), artichoke (Cynara cardunculus), and radish (Raphanussativus), as well as other 

green plants such as berries, and melons and in some cases tree fruits such as cherry(Prunus avium), pear 

(Prunus subg. Prunus), apple (Malus domestica), mushrooms and in some cases even rice (Whittinghill et 

al., 2013).   
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The scope of green roof vegetation is broad. The composition and characteristics of the vegetations depend 

on climatic, microclimatic and environmental factors such as average low and high temperatures, extreme 

cold and high temperatures, irradiance level, wind speed as well as the amount of rainfall received and its 

distribution throughout the year (Arabi et al.,2015). Other factors include the substrate depth, available 

irrigation facilities, the plant's ability to withstand wind stress as well as other factors such as accessibility 

and visibility since if  (Oberndorfer et al., 2007) as well as the purpose of the green roof, such as to keep 

the building cooler by reducing the transmission of solar radiation, plants having horizontal leaf distribution 

and/or an extensive foliage development should be selected (Arabib et al.,2015). 

Plants suitable for extensive green roofs should have low growth height, rapid growth as well as fibrous 

roots that have high drought tolerance whereas intensive green roofs are more like conventional garden or 

park having no limits to plant types that can be used (nps.gov, n.d.). Arabi et al.,(2015), mentions that plant 

species for extensive green roofs should have the ability to survive drought, intense winds, solar radiation, 

low nutrient supply, extreme temperatures and limited growth area, whereas for intensive green roofs which 

include gardens of every scale as well as large scale public parks or urban roof farms have vegetations such 

as herbaceous plants and small trees that require higher nutrition and maintenance. Many vegetables such 

as tomatoes are preferred to be grown on intensive green roofs since it can provide deeper soil for root 

development, thus maximising productivity. However, researches indicate that by providing adequate 

fertility and moisture, extensive green roofs which are mostly sufficient for shallow-rooted vegetables such 

as green salad crops (lettuce and kale) can also be used to grow vegetables like tomatoes, cucumber, pepper 

and basil (Walters and Stoelzle Midden, 2018).  

Freisinger et al., (2015) proposes that while deciding what to grow on rooftop greenhouses, the producer 

should keep in mind that the fresh produce is easily marketable and should be positive from an ecological 

perspective. According to them, leafy vegetables such as lettuce, herbs such as chives, parsley, basil, 

coriander, fresh fruits, cucurbits such as pumpkin, cucumber and melon plants, different varieties of 

tomatoes as well as fish produced by aquaponic cultivation are suitable to be produced on such rooftop 

greenhouses. In contrast, root vegetables, brassica, energy crops, legumes and exotic fruits are unsuitable 

to be grown (Freisinger et al.,2015).   

From a nutritional aspect, leafy green vegetables are packed with important nutrients that are critical for 

good health, such as kale (rich in minerals, antioxidants, and vitamins A, C and K), spinach (rich in Vitamin 

A, B, K and mineral such as manganese), cabbage (contains cancer-protective properties and supports 

immune system) and beet (rich in potassium, calcium, riboflavin, fibre, vitamin A and K and antioxidants 

such as beta-carotene and lutein (Autumn Enloe, 2018). Other plants such as beans are excellent sources of 

protein and essential minerals (Winham et al., 2008) and sweet potatoes that are source for carbohydrates, 

vitamin A, C, B and other essential minerals (Julson, 2019). 

Boneta et al., (2019) studied a soilless polyculture rooftop garden in the city centre of Barcelona growing 

22 different crops including leafy and fruit vegetables, receiving total productivity of 10.6 kg/m2/year. In 

Dhaka, Bangladesh rooftop gardeners are producing vegetables such as tomato, eggplant, bean, lady’s 

finger/ okra, chilli, capsicum, cabbage, gourd, spinach etc. and fruit trees such as guava, wood apple, 

sweetsop, lemon and a few others using conventional soil culture methods (Safayet et al., 2017). Sanyé-

Mengual et al., (2015) studied the green roofs in Bologna, Italy producing lettuce using different 

agricultural methods such as using nutrient films, floating hydroponics and soil cultivation as well as 

vegetables such as tomato, chilli pepper, eggplant, melon and watermelon produced on the soil to determine 

their environmental impacts. They came to the conclusions that lettuce production has less ecological 

impacts in floating hydroponics during winter and soil cultivation in summer, and growing vegetables such 
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as tomatoes and eggplants on soil with the productivity of 13-14 kg/m2 and 8.2 kg/m2 respectively, have a 

low environmental impact (Sanyé-Mengual et al.,2015).  

Orsini, F. et al., (2014) conducted similar experimental studies in rooftop greenhouses in the city of 

Bolognia is growing lettuce, black cabbage, chicory, tomatoes, eggplants, chilli pepper, melon and 

watermelons, receiving yields of 45 g/m2/day, 5.6 g/m2/day, 9 g/m2/day, 143 g/m2/day, 106.5 g/m2/day, 

51.3 g/m2/day, 37.6 g/m2/day and 59.5 g/m2/day respectively using different kinds of growing systems such 

as the nutrient film technique, floating hydroponics systems and solid substrate cultivation in wooden 

containers.  

Christopher Hult representing Takfarmen, a commercial rooftop farm located in Västerås informed that 

they grow primarily chillies and tomatoes as well a wide variety of other vegetables such as cabbages, beets, 

onions, hops, sweet potato, broccoli, carrots which are grown in different types of containers such as pots, 

buckets, pallets with pallet covers and earth boxes (Interview, 2020). According to him, by using 12 pallets, 

20 earth boxes and about 40 big pots which are around 12 litres in size, totalling to an effective growing 

area of 50 m2 the farm grows around 200-300 kg of tomatoes, 10-20 kilograms of cabbage and 30 kilograms 

of chilli in a year. 

Since the climate in Västerås is very similar to Uppsala city, based on this interview, for the thesis,  tomato, 

chilli and cabbage are selected as vegetables to be grown by open-air farming methods on the potential 

green roofs (green roofs with value V1) which are below the size of 1000 m2. For possible green roofs 

above the size of 1000 m2 (green roofs with value V3) which are suitable for greenhouses, the vegetable 

chose to be grown tomato.   

Tomato is one of the most consumed vegetables in Sweden, and although there is a high demand for 

Swedish grown tomatoes, two out of ten tomatoes found in the Swedish market are from Sweden while the 

rest is imported (fransverige.se, 2018). Tomatoes, are yearlong consumed vegetable in Sweden and are 

generally of two kinds, one that is produced for industrial processing in the food industry and is usually 

grown on open fields or in the soil at greenhouses in Spain (Högberg, 2010). The other is for fresh 

consumption that is either grown in warmer countries in Spain or in heated greenhouses in Sweden (ibid.).  

Being the most extensive imported vegetable of Sweden (FAO, 2001), they travel about 1500 km and 

5000km from the farms of Netherlands and Spain respectively to a retail store in  Stockholm, and has higher 

global warming potentials than Swedish tomatoes grown in greenhouses heated with waste heat or biofuels 

(Högberg, 2010). Since tomatoes are grown in the summer months in Sweden due to availability of warm 

weather and light, during the winter months, the Spanish tomatoes are more available in the Swedish market 

(ibid.).  Based on these reasons, to answer the first research question, the primary focus is on the production 

of tomato on the potential green roofs in Uppsala city.  

 

The current pandemic, COVID-19, has seriously affected the food production, food processing, transport 

and logistics and the final demand on a global scale (OECD, 2020). To face such crisis, Sweden with high 

dependence on food imports (Flanders Investment & Trade, 2018) needs to have a resilient food system, 

by strengthening the diversity of the food system and by building local food supply systems, as a long term 

solution to maintain food security and resist shocks from the similar crisis (Pingali et al.,2005). Thus by 

diversifying the food system and decreasing its dependence on the imported food items such as tomatoes, 

the production of tomatoes over green roofs in Uppsala city will help to strengthen the food security and 

make the food system more resilient. 

Hilmkvist (2015) studied tomato production using conventional greenhouse technologies in 10 greenhouse 

farms in Scania county of Sweden and found an average yield of 42 kg/m2. Similar high yields are received 

in the greenhouses located in Canadian Prairies where the tomato yield is  55 kg/m2 (Ahamed et al., 2019), 

40 kg/m2 in Barcelona using soilless production methods (Boneta et al., 2019), 58.5 kg/m2 in a Venlo 
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greenhouse in the Netherlands (Montero et al., 2012). Sanyé-Mengual et al., (2013) state lower yields of 

tomato up to 15 and 20 kg/m2 for hydroponic cultivation and 11 kg/m2 as well as 14- 16 kg/m2 for soil 

cultivation in unheated Mediterranean greenhouses. For this thesis, for greenhouse production of tomatoes 

on potential green roofs (V3) in Uppsala city, the yield is considered as 42 kg/m2 similar to the average 

yield received in greenhouses using conventional greenhouse technologies in the Scania county of Sweden 

as reported Hilmkvist, (2015).  

 

For open-air farming of tomato, chilli and cabbage on the potential green roofs (V1) the yield received at 

Takfarmen, the rooftop farm located in Västerås is considered. The yields are decided to be 250 kg of 

tomato, 15 kilograms of cabbage and 30 kg of chilli in a growing area of 50 m2. 

This yield is used to calculate the estimated production of the vegetables on the potential green roofs in 

Uppsala city. The estimated production of tomato is compared with the total amount consumption of tomato 

by the population of Uppsala city, obtained by multiplying the population data of Uppsala municipality, 

2019 (obtained from the Uppsala Kommun’s website) to the amount of tomato consumed by a person in a 

year in Sweden(obtained from statistiska centralbyrån, SCB). Thus, the total consumption of tomatoes 

consumed by the Uppsala citizens is compared with the estimated production on green roofs in Uppsala 

city to determine the percentage of production that is required to serve the amount of tomato consumed by 

the Uppsala city population.  

 

3.6. Energy Conservation and thermal insulation effects of green            

roofs 
Green roofs help to conserve energy by reducing both heating and cooling loads of a building depending 

on the climatic conditions of the area it is located (Palma, 2012) (Jaffal et al., 2011). Since Uppsala city 

buildings have a high demand of heating load in comparison to the cooling load, for this thesis the focus is 

mainly on the thermal insulation effects of the green roof along with the ability to conserve thermal energy.  

Uppsala Vattenfall is the chief energy producer of Uppsala city providing district heating by transporting 

hot water through insulated pipes under high pressure to the central district heating unit in each property 

(Uppsala Vattenfall, 2016).  
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Fig 1: Heat generation and fuel consumption in Uppsala Vattenfall (Source: Interview with Fredrik Starfelt, 

2020) 

The above figure provides an overview of the amount of energy produced and the fuel used by Uppsala 

Vattenfall required for heating the buildings. As the bar chart reveals, the waste incineration plant heats 

Uppsala city throughout the year along with smaller inputs from the heat pumps and the oil boilers, but 

during the winter months when the requirement of thermal energy increases, the CHP (combined heat and 

power) plant having peat/wood briquettes as fuel is used (Uppsala Vattenfall, 2016). 

To answer the second research question, a building located in the Flogsta region of Uppsala city is selected, 

and the energy bills of the building are studied. The green roof considered is a sedum roof and the energy-

saving potential of this green roof is considered to be 10.7 kWh/m2/year, similar to the findings of Jaffal et 

al., (2011) who studied the effect of sedum roof’s energy performance on a building in Stockholm. This is 

a limitation of this study since the calculations are based on the results obtained in other researches and 

replication or reproduction of those results are not feasible in case of this thesis due to time and resource 

constraints.  

The roof dimensions and roof area of the building along with the building’s energy bills are collected from 

the owner for this study. This information is used to calculate the amount of energy that can be conserved 

on the building studied by multiplying the roof area (m2) of the building with the energy-saving potential 

(kWh/ m2) of the green roof. The conserved energy (kWh) is also multiplied with the price of the supplied 

energy (SEK/ kWh), thus obtaining the reduction in the energy bill and monetary benefit achieved from the 

green roof thermal insulation.  
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4. Results 
In this chapter, the interview results, the GIS results, the food growing capacity of green roofs as well as its 

ability to conserve energy in buildings and provide monetary benefits will be presented. 

4.1. Interview Results 
The interviews helped to understand the prospects of green roofs in Uppsala city to produce food and to 

learn about the operation of already existing green roofs located around Uppsala city. The interview method 

also helped to understand the processes of Uppsala Vattenfall, the primary energy provider of Uppsala city. 

Structured, semi-structured, and unstructured interviews were all part of the interview methodology.  

Interview with Sara Ryttar, Uppsala Municipality landscape architect- Sara Ryttar is a landscape 

architect (Landskapsarkitekt) working with green area architecture and looks into the social aspects of green 

rooftops like green terraces and land allocations from the Uppsala Kommun. Sara informed about the 

ongoing development project in Rosendal and Ulleråker, and the aim of the Kommun to make these city 

parts green and sustainable. The Uppsala Kommun being the landowner had organised competitions to 

select interested construction companies to develop the building projects, and one of the competition criteria 

was to plan projects having cultivation in the building area to provide space for recreation and social 

interaction, thus improving the social sustainability. According to Sara, many of the companies presented 

plans having green roofs and greenhouses on their buildings to meet the criteria. The competitions are 

organised to develop and provide a good standard of living conditions for the Uppsala citizens by improving 

the social and ecological sustainability of the area. 

The Rosendal project revealed that, although people are interested and willing to have UA near to the 

building projects, it is difficult to cultivate in the space available on the ground between the buildings due 

to low availability of sunlight and the shadows of the building structures, making the available rooftops the 

best space for food production. According to Sara, although the concept of community gardening is popular 

among Uppsala citizens along with the Kommun wanting the construction companies to include green 

cultivation areas in their project site, it’s not always feasible for the residents to start cultivation in those 

areas, thus leaving those spaces unutilised. While discussing green roof opportunities on already existing 

buildings, Sara informs that most of these existing buildings are privately owned by a company or 

individuals. Although the Kommun has no such regulations of installing green roofs, in the future if 

required, they can have a dialogue with the building owners advising them to implement green roofs. She 

points out that roofs suitable for implementing green roofs for food cultivation are also useful for installing 

solar panels to harness the energy, and cautions that having them both together on the roof can leave chances 

of accident and damage to the solar panels. 

Talking about prospects of green roofs in Uppsala city, Sara informs that there should be a balance between 

green roofs and green areas on the ground. While the green roofs on residential buildings can help to 

improve social sustainability and used for recreational purposes, for serious food cultivation efforts, it is 

feasible to implement green roofs such as rooftop farms on the rooftops of particular buildings having larger 

space for food cultivation. According to her, Uppsala Kommun may inspire the construction companies to 

implement green roof projects on their building during the construction phase since it is easier to plan and 

have such projects in the beginning as it costs more to implement green roofs once the construction is 

completed due to the requirement of retrofitting.  

Interview with Per Tjader, organiser of Flogsta Food garden – Per Tjader is a resident of Uppsala city, and 

a follower of sustainable agriculture and is actively involved in UA projects around Uppsala city such as 

the community garden in Flogsta, the school garden on Waldorfskolan in Håga and a gardening circle on 
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Valegården in the centre of Uppsala city. Having a vast experience of growing plants in the outdoor weather 

conditions of Uppsala city, Per informed about the plants and vegetables that are suitable to be grown in 

the weather conditions of Uppsala city and the growing seasons that they follow.  

Interview with Christopher Hult representing Takfarmen, the rooftop farm in Vasteros- The rooftop farm 

is located on a terrace on the first floor of a building used mainly for offices and shops and is in the central 

Vasteras. The total area of the terrace is about 500 m2 and half of this area is used for the rooftop farm 

including a greenhouse, using containers such as pots, buckets, pallets with pallet collars and plastic boxes 

called Earth Box, and the effective growing area is about  50 m2. Christopher mentions that although the 

weight limit of the terrace was not calculated, they discussed with the property owners about the weight 

limit of the roof. A wide range of vegetables is grown in the farm including cabbages, beets, onions, hops, 

sweet potato, broccoli, carrots and other vegetables. As Christopher informed, the plants are grown in an 

experimental level to look for ones that are suitable to be grown on a rooftop farm and compare them with 

to ground cultivation. According to him, using 12 pallets, 20 earth boxes and 40 big pots around 12 L in 

size, the farm grows around 200-300 kg tomatoes, 10-20 kg of cabbage and 30 kg of chilli each year. 

The farm uses a different type of soils, and they also make their soil mix consisting ordinary soil, bio coal, 

cow manure and some fertilisers such as hen manure, chrysan and a few other fertilizers that are not fully 

organic. Christopher and his colleague are only two people who maintain the farm, spending about 5-10 

hours every week, depending on the season. Christopher mentioned about two problems the farm faces; the 

first is the accessibility to the roof and the difficulty to transport soil and equipment, the other problem is 

that they cannot have a constant water pressure since a leak in the pipes can damage the building. 

Interview with Jennipher Bergqvist, Marketing Manager of Atrium Ljungberg - Atrium Ljungberg is one 

of Sweden’s biggest listed property company. They own, develop, and manage properties, having a total 

letting area of around 1.2 million m2, distributed among around fifty properties (Atrium Ljungberg, n.d.). 

Recently Atrium Ljungberg had built a rooftop garden at the height of 10 floors above ground on the terrace 

of a shopping mall, Söderhallarnas, located in the Medborgarplatsen area of Stockholm. The garden offers 

20 Stockholm residents the chance to practice urban farming in boxes (Swedish pallkrage), and these 

residents are free to decide themselves what to grow. In winter, plants such as garlic and cabbage are grown 

in experimental levels to heck their feasibility. According to Jennipher, the terrace has a weight limit of 150 

kg/ m2, and at a time 150 visitors are allowed on the rooftop due to the weight issue. 

Interview with Fredrik Starfelt, Team Manager Operation Engineering at Vattenfall – Vattenfall is the 

primary energy producer of Uppsala city, providing district heating, district cooling, electricity and steam 

to the city. Fredrik gave a brief overview of the district heating supplied by Vattenfall and the fuels used 

for this purpose. From April to October since the heating demand required is low, waste incineration is the 

process of heating Uppsala city and for the other months with lower temperatures, fuels such as peat and 

wood and sometimes oil,  are used to produce the excess heat. Since Vattenfall provides the service of waste 

incineration, the price of energy generation is negative from April to October and increases in months when 

they require other fuel sources. 

4.2.  GIS Results 
A total of 786 flat roofs were found in the Uppsala city. Among them, 745 were feasible for implementing 

green roofs for agricultural purposes based upon the amount of solar energy received on the rooftops. As 

discussed before, the flat roofs receiving the optimum amount of sunlight were categorised into two groups 

according to their sizes. One group (V1) comprised of roofs below 1000 m2, suitable for open-air farming 

while the other group (V3) consisted of roofs with sizes above or equal to 1000 m2 and considered ideal for 
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implementing greenhouses. The rest of the flat roofs are in a group (V2) and are not feasible for having a 

green roof for agriculture purpose due to the low intensity of sunlight received on those roofs. 

 

Fig 2: Pie chart representation of the categories of studied roofs 

 

Fig 3: Pie chart representation of the sub-categories of V3 green roofs 

Based on the argument of Berger,(2013) that larger sizes of green roofs can provide higher profits for 

commercial urban agricultural practices, the V3 category of green roofs which are larger than or equal to 

1000 m2 and receives the optimum amount of sunlight is further divided into three other categories based 

on their sizes. Among the 198 V3 green roofs, 78 have areas between 1000 – 2000 m2, 67 have areas 

between 2000 – 4000 m2 and the rest 53 have areas of 4000 m2 and above.  
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 Kungsangen 

+ Sjukhuset-

Polacksback

en + 

Innerstaden 22392 119704 142096 17 18 7 48 42 16 

Granby + 

Löten 20031 90404 110435 8 6 11 40 25 1 

Fyrislund 5431 70145 75576 8 8 6 9 22 4 

Ultuna + 

Ulleråker 12219 57833 70052 9 8 4 20 21 1 

Gottsunda 

 

15244 

 

25204 40448 0 1 1 32 2 1 

Luthagen + 

Librobäck 10705 28821 39526 5 5 1 32 11 7 

Flogsta + 

Berthaga+ 

Ekeby 

25125 14228 

39353 8 0 1 47 9 2 

Arsta + Sala 

Backe 30097 1289 31386 1 0 0 176 1 1 

Stenhagen 1486 28812 30298 2 1 2 3 5 0 

svartbacken 

+ Tuna 

backar + 

Ärna 9609 14034 23643 3 2 1 28 6 3 

Eriksberg 13685 3328 17013 3 0 0 28 3 1 

Rickomberg

a + Ekeby 6229 1223 7452 1 0 0 24 1 1 

Falhagen 5334 0 5334 0 0 0 10 0 0 

Kabo 3521 1450 4971 1 0 0 8 1 0 

Norby 903 0 903 0 0 0 9 0 0 

Total 200367 677041 877408 78 67 53 547 198 41 

Table 2: Presentation and summary of buildings 

The above table provides a summary of all the flat rooftops located in different parts of Uppsala city. The 

table provides information about the number of buildings under the category of V1, V2 and V3 along with 

the rooftop areas of V1 and V2 buildings. Since roofs in the type of V2 are not feasible for green roofs, 

their area is not represented by the table. For a better representation of the data, the table divides V3 

buildings into three sub-categories, buildings with area 1000-2000 m2, buildings with area 2000-4000 m2 

and buildings with an area greater than or equal to 4000 m2.  
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Fig 4: Presentation of the number of buildings in the V1 and V2 category  

Årsta has the highest number of V1 category rooftops suitable for open-air farming, while Boländerna 

serving as Uppsala city’s industrial and commercial area and includes many of the larger rooftops thus 

having the highest amount of V3 buildings suitable to have greenhouses. Another area having prominent 

numbers of V3 rooftops is the area around Uppsala Centrum and Kungsangen where a significant proportion 

of residential buildings have been constructed in the past few years. 

 

 

Fig 5: Presentation of the area covered by V1 and V3 categories of green roofs in different locations of 

Uppsala city 
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The above figure represents the area covered by potential green roofs in different parts of Uppsala. While 

V1 area represents the area covered by potential green roofs smaller than 1000 m2 suitable for open-air 

farming, V3 area represents the area covered by the potential green roofs that are above or equal to 1000m2 

and ideal for having greenhouses on top of them. Boländerna has the maximum area available for roofs 

suitable for green roof agriculture followed by the potential green roofs area in Uppsala Centrum and 

Kungsangen. The area covered by V1 category of roofs is 200367 m2 ideal for open-air farming, whereas 

the V3 category covers 677041 m2 suitable for implementing greenhouses on the rooftop. Thus the 

categories V1 and V3 add up to 877408 m2 of available rooftop area in Uppsala city to implement green 

roofs. Suitable for UA practices. As mentioned earlier, 20 % of the roof area was reserved as space for 

walkways, water reservoirs or other necessities for operating green roofs, keeping the rest 80%, that is 

701926 m2 available for food production. 

 

 

 

Fig 6: GIS map showcasing the distribution of green roof in different parts of the Uppsala city 
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Fig 7: GIS map showcasing google satellite image and distribution of green roofs  

 

 

 

 

Fig 8: Overview of green roof distribution in Uppsala city without any frame of reference 
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4.3.  Food Growing Potential in Uppsala city Green roofs 

 

 Table 3: Vegetable production on potential green roofs in Uppsala city in kg and T 

The above table quantifies the amount of food that can be produced on potential green roofs in Uppsala 

city. The total area of the V1 potential green roofs having an area less than 1000 m2 was 200367 m2 and for 

the V3 potential green roofs with area more than or equal to 1000 m2 is 677041 m2. Since 20 % of the green 

roof area was considered reserved as space for walkways, water reservoirs or other necessities for operating 

green roofs, the rest 80% area of V1 and V3, 160294 m2 and 541633 m2 respectively are available for food 

production. Therefore, the total area available in Uppsala city for food production is 701926 m2, the 

combined area of V1 and V3 potential green roofs in Uppsala city. 

The vegetables selected for production in V1 rooftops for open-air soil cultivation method are tomato, chilli, 

and cabbage and for greenhouse production on V3 rooftops the selected vegetable is tomato. Based on the 

interview Christopher Hult, representing Takfarmen, the rooftop farm located in Västerås the yields were 

decided to be 250 kg of tomato, 15 kg of cabbage and 30 kg of chilli in a growing area of 50 m2 for V1 

roofs. Thus, the considered yields are 5 kg/m2, .3 kg/m2 and .6 kg/m2 for tomato, cabbage and chili 

respectively. For the greenhouse production on V3 rooftops, the yield of tomato was 42 kg/m2. 

The estimated production on the V1 rooftops is 801468 kg or around 801 T of tomato, 48088 kg or round 

48T of cabbage and 96176 kg or about 96 T of chilli. For V3 rooftops, the estimated production of tomatoes 

is 22748578 kg or around 22749 T. The estimated total output of tomatoes combining V1 and V3 rooftop 

is 23550046 kg or about 23550 T. 
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Tomato consumption per 

Swedish person in a year (Kg) 

9.4 

Uppsala city Population (2018) 172402 

Annual total consumption of 

tomato in Uppsala city (kg) 

1620579 

Annual total consumption of 

tomato in Uppsala city (T) 

1621 

% of consumption to estimated 

production 

7.13 

Table 4: Comparison between estimated tomato production on potential green roofs in Uppsala city and the 

amount of tomato consumed by the Uppsala population 

Table 4 compares the estimated tomato production on potential green roofs in Uppsala city with the amount 

of tomato consumed by the Uppsala city population. As of 2018, the population of Uppsala city  is 172402 

people (Uppsala Kommun, 2019). As per Statens Jordbruksverk, (2019), the annual per capita tomato 

consumption in Sweden is 9.4 kg. Therefore, the total yearly consumption of tomato in Uppsala city is 

1620579 kg or around 1621 T. Comparing the consumption to the estimated production of about 23550 T, 

reveals that 7.13 % of the estimated production of tomato can meet the total consumption of tomato by the 

Uppsala city population in a year. 

4.4. Energy Saving Potential of Green roofs  
Table 5 provides the energy saved in a building located in Flogsta, Uppsala. The studied period is of 12 

months, from July 2018 to June 2019. The roof area of the building is 77 m2. With the energy-saving 

potential of the green sedum roof as 10.7 kWh/m2/year, the annual energy saved is 824 kWh or .824 MWh 

annually. The rate of energy is SEK 659.2 /MWh. Thus, the monetary savings obtained from the annual 

energy savings SEK  543. 

Energy Saving 

Potential 

(kWh/m2/year) 

10.7 

The roof area 

of the studied 

buildings (m2) 

77 

Energy saved 

in 6 

months(kWh) 

412 

Monetary 

Savings (July-

Dec 2018) 

268 

Monetary 

Savings (Jan-

June 2018) 

272 
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Total Monetary 

savings 

540 

Table 5: Energy saved by a green sedum roof and the equivalent monetary benefits received 

5. Discussion 
The thesis focuses on the research question, what is the green roof potential in Uppsala city in the 

perspectives of:  

1) capacity of the amount of food that can be produced,  

2) energy conservation benefits due to the thermal insulation effects of green roof 

As mentioned in the outline, this chapter will analyse the research results and will highlight the main 

findings of this paper. 5.1 will provide a summary of the results obtained answering the first part of the 

research question and 5.2 will answer the second part of the research question. 

 

5.1. Potential green roofs and estimated food production in Uppsala 

city 
Green roofs, both intensive (e.g. rooftop gardens/ farms) and extensive (e.g. sedum roofs) can play an 

essential role in improving the three pillars of sustainability, social, economic and environmental 

sustainability in a city. To answer the food growing capacity of potential green roofs in Uppsala city, the 

focus is to find building roofs in Uppsala city that are suitable for growing food and calculate the estimated 

food growing capacity of those roofs. 

Upon calculations, the annual vegetable production in potential green roofs in Uppsala city is 23550 T of 

tomato, 48 T of cabbage and 96 T of chilli. Since in this thesis, the food production capacity of potential 

green roofs in Uppsala city is a theoretical study, and the calculations are based on the yields received in 

other studies in different locations, there is a possibility that these high yields may not be reached when the 

vegetables are grown practically in the potential green roofs. The calculated capacity of production of 

tomato in potential green roofs in Uppsala city is compared with the annual tomato consumption by the 

population of the city that amounts to 2169210 kg or around 2169 T. The comparison reveals that less than 

10 % of the estimated tomato production on the potential green roofs can meet the annual tomato 

consumption amount of the Uppsala city population.  

The results reveal that growing food on green roofs, a type of UA has a tremendous capacity to improve 

the food security of Sweden since they import about 50-55% of their food items including fresh vegetables 

such as tomatoes and potatoes (Flanders Investment & Trade, 2018). Intensive green roofs having 

greenhouses can grow food in colder climates even with low-cost greenhouse designs (CSBR & CURA, 

2013) (Hodge et al.,2018) making the food system of the country more resilient.  

Growing fruits and green vegetables in the green roofs in Uppsala city for local consumption will reduce 

the storage and transport time of the food and since fruits and green vegetables are the most wasted food 

category of food, the shortening of the supply chain will reduce the wastage to great extents (Dahlberg & 

Lindén, 2019).  Dahlberg & Lindén, (2019) states that local production of vegetables and fruits can better 

match the varying demand of different foods, thus further reducing the food waste of unsold and unused 

green vegetables and fruits. The Swedish Environmental Protection Agency, (2012)report states that 
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approximately 1210000 T of food waste is generated in Sweden in a year, equivalent to 127 kg/ person of 

the Swedish population. Within that amount, 70000 T or 7 kg/person food is wasted in distribution. 

Currently, the world is facing the COVID 19 pandemic which poses a significant threat to the global food 

security by affecting the food supply chain can cause food shortages and price hikes especially in countries 

that are heavily dependent of imported food(WFP, 2020). The green roof and other UA with their capacity 

to produce vegetables and fruits without any post-harvest processing, and can reduce the food miles for the 

region of Uppsala and entire Sweden, thus strengthening the food security and making the agriculture 

system more resilient in a local and national level.   

As mentioned by Sara Ryttar, Uppsala Municipality to make city parts greener and more sustainable, are 

promoting and encouraging urban agricultural practices such as green roofs in the ongoing building projects 

at Rosendal and Ulleråker(Interview with Sara Ryttar,2020). According to her, although the green roofs on 

residential buildings can help to improve social sustainability and used for recreational purposes, for serious 

food cultivation efforts, it is feasible to implement green roofs such as rooftop farms on the rooftops of 

particular buildings having larger space for food cultivation and maintained commercially (ibid.).  

In conclusion, the results of this thesis indicates that green roofs can provide a great opportunity for UA in 

Uppsala city, producing food in quantities that can support the consumption of the city’s population. Since 

some vegetables have a shorter growing period and can grow even faster when cultivated with seedlings, 

UA can be quick responsive system especially after the breakdown of food supply chains (Eigenbrod and 

Gruda, 2015).  In times of crisis such as the ongoing COVID 19 pandemic, green roof food production can 

make the food production system more resilient both in the local and the national level, thus improving the 

food security of Sweden where the majority of the food items are imported.  

5.2. Thermal insulation effects of green roof in energy conservation 

and providing monetary benefits 
To calculate the thermal insulation effects of green roof and the monetary benefits achieved by energy 

savings, a building in the Flogsta region of  Uppsala city is selected, and theoretical calculations are 

performed to calculate the energy saved in the building if a green sedum roof is implemented.  

With the energy-saving potential of the green sedum roof as 10.7 kWh/m2/year, the annual energy saved is 

824 kWh or .824 MWh annually. Since the rate of energy is SEK 659.2 /MWh, the monetary savings 

obtained from the annual energy savings SEK  543. Although the amount of energy saved by green roof 

insulation may seem to be small for a single building, if implemented in a large number of buildings, for 

example, 100, the energy conserved will be equivalent to 82 MWh. 

By conserving thermal energy in the buildings using green roofs, the overall fuel consumption of Uppsala 

Vattenfall required for heating the buildings can be reduced significantly. During the winter months, when 

the demand for district heating rises, Vattenfall uses peat and oil as fuels to meet the increased demand 

(Vattenfall, 2019). In this regard, energy conservation with green roofs on the buildings of Uppsala city can 

provide a monetary benefit for both the energy consumer and energy generator, Uppsala Vattenfall.  By 

reducing their fuel consumption and thus reduce emissions of greenhouse gases, green roofs can help 

Vattenfall reach its climate-neutral goal by 2030 (Uppsala Kommun, 2015). 

On summer 2018,  Sweden faced the warmest weather in 71 years, and some parts of Sweden experienced 

temperatures rising to 34.4o C (The Local, 2018a) and the country saw a high rise in demand of AC and 

fans for buildings, with many stores having their supply run out very quickly (The Local, 2018b). In these 



38 
 

extreme situations, green roofs in comparison to conventional roofs can act as a heat sink to keep the 

building cooler, thus reducing the demand of artificial cooling.  

As discussed before, by lowering energy loads and reducing the backup power requirement, thus reducing 

the dependence on fuel sources, green roofs improve the energy security make the energy system of the city 

more resilient. Therefore answering the second and third part of the research question, green roofs by 

reducing the energy demand can help to save energy in buildings thus lowering the fuel consumption for 

Uppsala Vattenfall, providing monetary benefits both to the energy consumer and to the energy generator.  

5.3. Limitations of the research 
It is important to notify, that this research does not represent the real value of the potential green roofs in 

Uppsala city, and provides a hypothetical potential of green roof estimation and an estimated amount of 

food that can be grown in these potential green roofs.  As previously pointed out, this study does not take 

into account many of the criteria that are required to select a roof suitable for a green roof. The estimated 

food production also depends on the yields obtained from other studies and interviews does not provide the 

accurate potential of food production on green roofs in Uppsala city. These limitations were due to the time 

constraints and available resources for this thesis. 

The estimated energy conservation is also based on thermal insulating properties of a green roof, obtained 

from other studies and the replication of those data is not feasible due to time constraints. Therefore, it 

would be difficult to generalise the findings of a single case on a specific building to all the buildings in the 

city.  

6. Conclusion 
To meet the growing demand of the global food production and reduce the environmental degradation 

caused by large scale conventional agriculture, urban farming can be a sustainable solution to make the 

global food system more resilient and increase the food security. Although unavailability of land and the 

proper amount of sunlight can be a major problem for UA, using available empty rooftops to implement 

green roofs for food production can be a solution to those challenges. In Sweden, green roofs also have the 

potential to grow food all around the year even in places with harsh winter climates, by using greenhouses 

even of low-cost designs, thus strengthening the food security of the nation making the food system more 

resilient.  

As the results reveal, less than 10% of the estimated tomato production on potential green roofs in Uppsala 

city can meet the annual demand of vegetables such as tomatoes consumed by the population living in the 

city. The results obtained for estimated food production on the potential green roofs in Uppsala city suggests 

that green roofs can reduce the dependency on imported food items, especially fresh vegetables in Sweden.  

This thesis also investigated the thermal insulation effects of a green roof, on a building in Uppsala city, to 

calculate the amount of energy that can be conserved as well as the monetary benefits to be gained from 

energy conservation. The research reveals that if implemented on a large number of buildings, for example, 

100, the energy conserved from sedum roofs will be equivalent to about 82 MWh or more. Energy 

conservation by green roofs can help to reduce the emission of greenhouse gases by reducing the demand 

for district heating.  Green roofs can also help to keep buildings cooler during hot summer months such as 

the one faced in 2018,  by reducing the heat load caused by the roof. Reducing energy demand to heat and 

cool buildings will enable Vattenfall to conserve fuel and help to reach their goal of climate neutrality by 

2030. 
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Thus, green roofs in Uppsala city have a great potential to make the energy and food system of the city of 

Uppsala more resilient thus improving the food and energy security and leading the city to a sustainable 

future. 

6.1.  Further Research 
This thesis provides a research basis for potential future operators of where a green roof for food cultivation 

can be implemented in Uppsala city. Moreover, it can also be of interest for the Uppsala Kommun, 

policymakers, urban planners and other actors interested in UA. Though this research provides an estimate 

about the capacity of potential green roofs in Uppsala city to grow food, in this thesis there is insufficient 

evidence to draw any conclusion of this aspect since many criteria were overlooked in the selection of the 

potential green roofs and the production was based on yields that are received in other studies or cases. The 

suggestion would be for an in-depth investigation of the buildings in Uppsala city in the account of the 

different criteria for green roof implementation and to implement a pilot green roof project on one of these 

suitable roofs to realise what plants or vegetables and their growing methods are suitable for the local 

weather conditions of Uppsala city and how much yield do they bear. A GIS grasshopper strategy can be 

applied to identify which parts of the city requires the implementation of UA measures such as green roofs 

in terms of future population growth, public necessities and availability of transport (Felicia, 2018). Further, 

methods such as  life cycle analysis, can be applied to reveal the carbon footprint and the other 

environmental footprints of such a green roof.    

The thesis also provides an estimate of the thermal energy that can be saved by green roofs and the monetary 

benefits received from the energy savings. Since the study is based on results obtained by other studies, it 

is suggestable to investigate more into this topic. Software like GoSAT, ENVI-met or EnergyPlus can be 

used to perform digital simulations to study the thermal insulation effect. Efforts can also be made to 

conduct a pilot study to measure the impact of temperature differences in buildings before and after 

implementing a green roof such as sedum roof.  
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