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Abstract 

Climate change and rapid urbanization have caused several vulnerabilities for the global food system, and 
alternative farming methods are required to solve this ongoing crisis. Zero acreage farming can be a sustainable 
farming a to geoponics, as it is developing worldwide, and in Stockholm, this provides an opportunity to produce 
food year-round. In addition to that, it makes the food system more resilient and increases food security. The 
thesis aimed to explore the possibilities of zero-acreage farming on household rooftops in Stockholm and achieve 
the demand for tomatoes with an aeroponics growing system. With the help of GIS software, 4269 flat and slant 
roofs with a total available area of 3815121 m2 are found to implement a greenhouse. The GIS study shows that 
the south sector had the better potential for more extensive operations considering buildings, more population, 
and broader roads where transportation will be made more accessible. The central sector had the least potential 
for zero acreage farming because those regions have heritage values and narrow streets, making the transportation 
and supply chain difficult. The result of the aeroponics growing system reveals that the Stockholm tomato demand 
can be achieved in a 12780 m2 area with 95% water saving and 90% less global warming potential (GWP) 
compared to geoponics or conventional farming. Further on, this thesis suggests aeroponics as a sustainable 
alternative way of growing crops to minimize the impact on the environment caused by geoponics over the 
centuries.     

 

Keywords: Aeroponics growing system, geographical information system, zero acreage farming, geoponics, 
urban resilience, sustainability, food system, climate change.  
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Summary: 

Over the past 10,000 years, agriculture has always been part of the development of civilization. Kingdoms born 
around a fertile land; trade and exploration spread around the globe due to agriculture. The world has evolved, 
country territories have changed, and new cities have developed, but the thing which kept humans alive all over 
the years has never changed. Due to global resource depletion, food scarcity, inequality in food resources, climate 
change, and rising urban population have influenced the shift in agriculture practices and paved the way for urban 
farming to make the cities more resilient and improve the food system.  

Urban farming is a collection of different technologies and methods of producing crops such as rooftop 
greenhouses, rooftop gardening, open rooftop farms, and indoor farming; in those, the most emerging technologies 
are rooftop greenhouses, and they are commonly termed as zero-acreage farming. Urban farming is a utopia for 
people living in a large metropolitan area with densely populated communities in developing countries. The 
government had to adopt a high density and high-rise strategy, with increasing population and limited land 
resources. Space constraints reduced the implementation of urban farming practices in several areas around the 
building envelope. Zero acreage farming is, therefore, the only promising option for densely populated urban 
areas. The technologies involved in the farming techniques are evolving and being implemented worldwide, 
especially in South-East Asia (Taiwan, China, Japan, and Thailand) and North American countries (Canada and 
USA).  

Stockholm was chosen as a study area due to rapid urbanization, high population density and shifting of forest 
into agriculture lands. If it is achieved in Stockholm, the capital city of Sweden, there will be a possibility of 
success in every Swedish municipality. In addition to that, compared to other counties in Sweden, a large 
percentage of forest in Stockholm is deforested in the past 20 years for agriculture and urbanization purposes (The 
Sustainability Consortium, 2020).  The central question arises, will the weather condition favour to perform urban 
farming in Nordic countries. It is being implemented in Canada and other North American countries. Then, it is 
possible for Stockholm, which has similar weather conditions and infrastructure, to produce food year-round and 
increase its food security and develop a sustainable urban community. To explore the potential of zero acreage 
farming and the implementation of an aeroponics growing system in Stockholm, quantitative and qualitative 
approaches were used.  

The thesis used a qualitative method in the form of literature review to find the suitable tomato for the study, and 
a quantitative approach in the form of ArcGIS; AutoCAD, and SolidWorks to find the potential rooftops in the 
city of Stockholm and design an aeroponics growing system to grow the globe tomatoes, respectively. The 
potential household rooftops are located around 1.5 km of selected 19 ICA supermarkets to reduce the supply 
chain and improve the food system. This thesis demonstrates that there is good potential in the city of Stockholm 
for zero-acreage farming. Further that, many crops can be produced locally and promote a sustainable and resilient 
urban community.      

Keywords: Aeroponics growing system, geographical information system, zero acreage farming, geoponics, 
urban resilience, sustainability, food system, climate change.  

Rahul Kishorekumar, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, 
Sweden. 
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1. Introduction: 
The Earth’s population is expected to increase by 3 billion people by 2050 (Gopinath et al., 2017). The 
population of urban dwellers will reach 86% in developed regions and 66% in less developed areas. 
World urbanization will increase from 50% in 2009 to 69% in 2050 (Hui, 2011), and as a result, urban 
areas will have more population than rural areas (United Nations, 2010). In 2020, Swedish citizenship 
was granted to 80175, a 25 percent increase compared to 2019 (SCB, 2020). Sweden’s population has 
been growing at the rate of 1.1% compared to the previous year, indicating the urge to develop urban 
resilience to accommodate the increasing population.   

In addition to the urban population growth, there is another critical issue in the current situation: the 
availability of land. According to Despommier (2013), conventional agriculture will use an area larger 
than South America to provide food for the future population. Deforestation, soil depletion, peatland 
degradation, water scarcity, and biodiversity loss will result from the large scale of conventional 
agriculture (Saha and Eckelman, 2017). These issues create significant pressure to preserve the 
ecological balance and harmonize nature-human relations (Deelstra and Girardet, 1999).      

Urban areas hold only 2 percent of the world’s land, but they consume 75% of the world’s energy, food, 
and water (Giradet, 2008). On the other hand, cities are accountable for more ecological efficiency than 
any other type of settlements (Thomaier et al., 2015 and Glaeser, 2011). Steel (2012) highlighted that 
there is a gap between food-producing communities (aka countryside) and non-food producing (aka 
cities) and urges the urban planners and governments to bridge the gap and make cities grow their own 
needs. According to Raworth (2017), climate change, biodiversity loss, land conversion, and the 
nitrogen and phosphorus loading crossed beyond the planetary boundaries. Conventional agriculture 
and its practices are the direct reason for land conversion and the nitrogen and phosphorus loading. New 
approaches like zero acreage farming and aeroponics growing system are implemented to develop urban 
resilience, feed future cities, create sustainable cities, reduce urban footprint and long-distance 
transportation. 

Controlled Environment High-Rise Farm (CEHRF) promotes the production of vegetables in a cold 
climate at urban rooftops under controlled conditions using an integrated solution of all the available 
technology based on an aeroponics growing system. The aeroponics growing system reduces water 
consumption by 90%, nutrients usage by 60%, stimulated crop growth and productivity increase 
compared to conventional agriculture (Gopinath et al., 2017). The aeroponics growing system is 
designed to provide continued harvest year-round by compensating seeding times to achieve stable and 
reliable crop yields while ensuring full-time employment throughout the year in a green environment.   

In addition to all other advantages, green rooftops provide environmental benefits like reducing an 
urban heat island effect, air pollution, and improving the biodiversity of the cities (Safayer et al., 2017). 
Greenhouses at rooftops will significantly reduce the surface temperature in warmer regions and act as 
an external thermal insulator for winter regions, thus lowering the energy consumption required for 
cooling and heating, respectively (Alhashimi et al., 2018 and Jaffal et al., 2011). Powers (2013) 
researched a 450 sq. ft greenhouse using the aeroponics growing system in New York and proved it is 
feasible to grow crops in colder climates under controlled environmental conditions.  

1.1. Background 

1.1.1. Urban Resilience: 
The term resilience was introduced and developed in scientific research to describe ecological systems 
by Holling (1973): “Resilience determines the persistence of relationships within a system and is a 
measure of the ability of these systems to absorb changes of state variables, driving variables, and 
parameters, and still persist. In this definition, resilience is the property of the system and persistence 
or probability of extinction is the result.”  

Merrow et al. (2015) analyzed several kinds of academic literature from different backgrounds and 
sectors such as agricultural, biological science, environmental science, engineering, social science, 
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business management and accounting, psychology, energy, and Earth and planetary science to propose 
a new definition for urban resilience. The research considered six conceptual tensions fundamental to 
urban resilience: (1) Characterization of urban; (2) understanding of system equilibrium; (3) positive 
vs. negative conceptualization of resilience; (4) mechanism for system change; (5) adaptation versus 
general adaptability; and (6) timescale of action. The new definition of urban resilience, which explicitly 
covers these six conceptual tensions, is flexible enough for several disciplines and stakeholders to adopt. 
The definition is as follows: 

“Urban resilience refers to the ability of an urban system and all its constituent socio-
ecological and socio-technical networks across temporal and spatial scales-to maintain or 
rapidly return to desired functions in the face of a disturbance, to adapt to change, and to 
quickly transform systems that limit current or future adaptive capacity.” 

Ribeiro and Pena (2019) stated the dimensions of the characterization and evaluation process of 
resilience are essential for studying urban resilience. The analysis of urban resilience, according to 
academic literature, has a significant relationship with natural disaster threats and risks. 
Ostadtaghizadeh et al. (2015) mention the dimensions that are important for the study of urban resilience 
are: (1) Physical, (2) Natural, (3) Economic, (4) Institutional, and (5) Social.   

Ribeiro and Pena (2019) concluded that the four fundamental pillars of urban resilience are: resisting, 
recovering, adapting, and transforming. Additionally, the following eleven characteristics will make an 
urban system more resilient: redundancy, diversity, efficiency, robustness, connectivity, adaption, 
resources, independence, innovation, inclusion, and integration. 

The concept of resilience is incorporated in cities to promote sustainability and urban development and 
become resilient to a broader range of stresses and shocks (Leichenko, 2011). According to Ballamingie 
et al. (2020) food systems and social innovation are critical to urban resilience.   

1.1.2. Food System: 
Increasingly, the concept of a “food system” is being used for analysis and discussions on how to 
produce sufficient and affordable, sustainable food and diets for the growing population, where 
“sustainable” means that the ability of future generations to meet their own needs will not be 
compromised (Brundtland, 1987). Kuylenstierna et al. (2019) defines the food system as “encompassing 
the activities and actors in the production, transport, manufacturing, retailing, consumption, and waste 
of food, and their impacts on nutrition, health and well-being, and the environment.” 

The current food system (producing, transport, processing, packaging, retail, consumption, loss, and 
waste) feeds most of the world’s population and supports over one billion people’s livelihoods (Mbow 
et al., 2019). Over the past 60 years, the use of nitrogen fertilizers, water resources for irrigation, and 
food supply per capita have increased about 800%, 100%, and 30%, respectively. Even so, 
approximately two billion people are overweight or obese, 821 million are malnourished, 613 million 
females aged 15 to 49 have iron deficiency, and 151 million kids aged below five are stunted (Mbow et 
al., 2019). 

The food system is responsible for approximately 21–37% of greenhouse gas (GHG) emissions. These 
include the process in conventional agriculture such as land use, storage, transport, packaging, 
processing, distribution, and consumption (Mbow et al., 2019). In these emissions, 5 – 14% from land 
use and practices like deforestation and peatland degradation; 5 – 10% from supply chain activities; and 
9 – 14% from crop and livestock within the farm. Agricultural GHGs totaled 6.2± 1.4 Gt CO2-eq yr–1 
to 11.1 ± 2.9 Gt CO2-eq yr–1, including land use. These are expected to rise by around 30–40 percent 
by 2050 without intervention because of increasing demand based on urban population, income growth, 
and diet changes (Mbow et al., 2019).  

Kuylenstierna et al. (2019) emphasizes that agriculture is a way of producing the product (it is not a 
product), and it needs a systematic change (e.g., innovation, governance). In this study, new farming 
practices like zero acreage farming are implemented to develop a sustainable food system and food 
security.  
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1.1.3. Zero Acreage farming: 
The desire to reconnect food production and consumption is at the heart of urban farming. The spread 
of urban farming reflects a growing understanding of how food and farming can shape our cities 
(Thomaier et al., 2014). In the past five years, urban farming has evolved, and new projects are 
established on rooftops or abandoned buildings. Urban farming includes all types of food production 
associated with urban buildings, such as open rooftop farms, rooftop greenhouses, productive facades, 
and indoor farming on and in existing or newly constructed urban structures. Farming can be soil-based, 
hydroponic, or aeroponic, including livestock (Thomaier, 2017). Because of the absence of land or 
acreage, which distinguishes these specific forms of food production from traditional farming, Specht 
et al. (2014) refer to them as ‘Zero-Acreage Farming’ (ZFarming), also called as rooftop farming.  

ZFarming has similar principles to ground-based urban farming. However, using the existing buildings 
instead of farmland or open space and brownfields, ZFarming varies in ways that raise distinct 
opportunities and challenges from land-based urban farming. It can be represented as a subtype of urban 
farming that adopts ground-based values but involves specific technical and legal constraints, regulatory 
framework, and resource efficiency opportunities based on building and farming synergies (Specht et 
al., 2014). As a result, ZFarming adds several new dimensions to the management and policymaking of 
stakeholders in urban farming (Thomaier, 2017).   

Future food infrastructure will have to be more efficient and more sustainable than present food 
infrastructure (Specht et al., 2017). All dimensions of sustainability need to be addressed in sustainable 
urban food production simultaneously. It must tackle and improve social issues and provide economic 
well-being environmental challenges. In addition to that, there are limited empirical study that 
investigates the current state of Zfarming. Existing studies are fixed on single cases or open specific 
forms of Zfarming like rooftop gardens or soil-based rooftop gardens. This study has focused on 
research on rooftops greenhouses with aeroponics growing system as a farming technique to overcome 
the ongoing issues.  

1.1.3.1. ZFarming Requirements: 
The purpose of this part of the study is to understand and frame the quantitative method, GIS. Various 
factors were needed to take into consideration to find the potential household rooftops for Zfarming. 
According to Freisinger et al. (2015) report, rooftops greenhouse and open vertical farming are similar 
to that built on the ground, but the greenhouses placed on a rooftop have specific requirements and 
conditions of buildings that needed to be taken into consideration to find the suitable household 
rooftops.  

The study involves various aspects of research and studies of Amer et al. (2017) based on the potential 
of roof-stacking in Brussel and Sen (2018) research on the potential of commercial rooftop greenhouse 
urban agriculture in Stockholm. Both these studies have provided valuable data and information to 
decide and frame the quantitative methodology.  

Legal Constraints 

The first and foremost issue in ZFarming is the property owners; There must be a mutual agreement 
between a property owner and the farming company to build a greenhouse on their rooftops (Wilkinson 
and Reed, 2009). The mutual agreement can be compensated through money (monthly rent) or the end 
products, in this case, tomatoes.   

Historical values 

The history and original information of cultural heritage have significant historical value (Sun, 2010). 
Buildings and monuments are part of the cultural heritage; for example, few buildings in Stockholm are 
classified as historical buildings that are parts of historical events (Gorgolewski and Straka, 2017). 
Historical values have been taken into consideration in the GIS study. 
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Rooftop area and design  

Rooftop size and shape affect the greenhouse design and effectiveness of ZFarming. There are different 
opinions and suggestions about the perfect condition for a rooftop greenhouse. According to Berger 
(2013) rooftops size should be equal to or more than 465 m2 to be feasible. On the other hand, Sen 
(2018) suggests 1000 square meters will be economically viable for ZFarming. Many researchers 
recommend flat surfaces for greenhouse and inclined rooftops to be neglected, but in this study, both 
flat and slant roofs are considered because of the modular aeroponics system. With slight modification 
to the design, the system can be fitted into slant rooftops.     

Height and accessibility 

Height is the major constraint in constructing rooftop greenhouses (Thomaier et al., 2014). According 
to Sen (2018), a building cannot be too low or too tall for ZFarming. A suitable structure for a 
greenhouse would be less than ten floors and more elevated than 3.5 meters (i.e., one-story building). 
For slant roof greenhouses, the ideal height would be between 3.5 to 7 meters to facilitate the harvest 
and maintenance. Berger (2013) also mentions height as a significant constraint because the study was 
based in New York; unlike New York, Stockholm does not have tall-rise buildings and skyscrapers. 
Sen (2018) suggests assuming that most residential buildings are less than ten floors in Stockholm.      

Accessibility must also be considered as a constrain. Without proper accessibility, a greenhouse cannot 
be maintained. In this case, Accessibility can be differentiated into two ways, first accessibility within 
the building, for example, a building with not too many stairs, has an elevator, or a lower building would 
be the perfect condition for a rooftop greenhouse. Secondly, accessibility around the surroundings, 
narrow streets, or buildings in industrial areas will impact transportation. But in this study, Industrial 
areas are neglected and only focused on residential areas. However, Sen (2018) claims that Stockholm 
has a good infrastructure among the communities; therefore, accessibility around the surroundings will 
not be an issue for this study. Accessibility within the building will be, likewise, as previously 
mentioned, it will not be considered to investigate due to lack of time and resources.         

Aeroponics system and greenhouse weight 

An important aspect that cannot be ignored is the overall weight that the rooftop can withstand (Sen, 
2018). Roofs need to withstand aeroponics growing systems, greenhouse structures, water tanks, LED 
light frames, etc. 

In addition to this, rooftop material also needs to be investigated. Rooftop structures are of four types 
warm, cold, inverted, and water-impermeable concrete roof (Sen, 2018). The design of buildings and 
rooftops material restricts the greenhouse implementation, but with the help of experts in civil 
engineering, the most suitable buildings for a greenhouse can be constructed (Freisinger et al., 2015). 
However, this study did not consider due to the lack of a dataset regarding buildings.  

Sunlight  

Sunlight or any source of light is essential for urban farming (Meijer, 2015). For better growth, plants 
need sunlight and sunlight protection from solar radiation and heat stress (Sen, 2018). Since there are 
existing conventional greenhouses all around Sweden (Meijer, 2015), which is similar to the rooftop 
greenhouse (Freisinger et al., 2015), furthermore there are companies and citizens in Stockholm are 
practicing urban farming and Bönnischen (2016) proves feasibility for ZFarming. In addition to that, 
aeroponics systems need external LED lights for better productivity; for that reason, further research on 
sunlight availability was not investigated.  

Age of the building   

There was no significant data about the building year at Lantmäteriet, and it would be challenging to 
look it up individually and use it within GIS software. Furthermore, Amer et al. (2017) argued that the 
roof could be strengthened even though it is weak and unstable. For these reasons, building year was 
left out on this study.    
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Population Density 

The population density was chosen as a constraint because urban farming needs to fulfill most people’s 
needs. For the project to be profitable, it needed to be studied in the densely populated region of 
Stockholm. For that reason, the population density dataset was used within GIS software. 

Location of the building 

The building location is considered as the major constraint in this study to ease the supply chain. After 
the harvest process, tomatoes are needed to be sold in local markets without long-distance 
transportation. For that reason, buildings were chosen within a 1.5-kilometer radius from the selected 
19 local ICA supermarkets. 

Sen (2018) concluded that the three critical aspects of roof design, weight, and height are crucial and 
need a thorough investigation to build a rooftop greenhouse. Furthermore, Meijer (2015) revealed that 
buildings are unique in structure, size, and shape. Therefore, it will require a personal investigation to 
place a greenhouse in a respective building. 

Most of the constraints do not have a proper dataset and are highly time-consuming for this study, and, 
therefore, the study will be limited to few factors. The factors were the building’s location, population 
density, and a minimum of 500 m2 was chosen as it would give a potential result.  

1.1.4. Aeroponics System: 
Geoponics is the most widely used agricultural method. Geoponics is the traditional method of growing 
crops in soil, in the open air, with irrigation, fertilizer (nutrients), pest, and weed control (Gurley, 2020). 
The high and inefficient use of water, vast land requirements, large amounts of nutrients consumption, 
and soil depletion are only a few of the adverse effects of geoponics (Killebrew and Wolff, 2021 and 
Walls, 2014). The rapid growth of the world’s population should be counterbalanced by a similar or 
even faster rate of food production. Food production methods must change to feed the world’s rising 
population sustainably.  

Modern agriculture systems such as hydroponics (aqueous solvent), aeroponics (mist solvent), and 
aquaponics (combination of aquaculture and hydroponics) use nutrient-rich water rather than soil to 
feed plants (Bridgewood, 2003). Those new modern agriculture systems need less water and space than 
geoponics because they do not need fertile land.  

Many recent advancements in agriculture have increased the ability to monitor all agricultural activities 
during the growing season. The development of precision agriculture technology under the greenhouses 
is one of the most significant advances in farming technology. Crop sensor technology and smartphone 
applications to assist farmers in “when," “where," “how,” or “what” to plant and precision agriculture 
are examples of how technology has begun to permeate almost everything, including agriculture 
(AlShrouf, 2017). Farmers benefit from agricultural technology because it allows them to control their 
production, increase yields, operate more sustainably, and be more flexible as the weather changes. 

The majority of these innovations are divided into four categories: sensors, food, automation, and 
engineering. Sensors allow crop traceability and identification in real-time, as well as some self-driven 
agricultural practices. Food is being produced in labs by using genetic modification. Automation helps 
the farmer monitor the crop at the plant level.  Engineering encompasses innovations that extend 
farming scope to new modes, locations, and regions (AlShrouf, 2017). 

The National Aeronautical and Space Administration (NASA) developed Aeroponics technology to 
find effective growing plants in space. This indoor technique improves hydroponics by allowing plants 
to establish quickly without soil in an air/mist environment (Chaudhry and Mishra, 2019). The term 
aeroponic comes from the Latin words ‘aero’ (air) and ‘ponic’ (labor) (Gopinath et al., 2017 and Farran, 
2006). Aeroponics is better characterized in terms of contrast to other agricultural techniques.  

Aeroponics is an air-water culture cultivation system in which plant roots are suspended inside a sealed 
container under darkness and openly exposed in the air to receive water nutrient-rich spray via 
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atomizers. The plant’s upper leaves and crown extend above the wet zone. The artificially created 
structure separates the plant’s root and canopy. To maintain hypergrowth under controlled conditions, 
the system uses nutrient-enriched spray in the air via pressure nozzles or foggers (Lakhiar et al., 2018). 
The controlled conditions include temperature, humidity, light intensity, nutrient solution 
concentration, atomization frequency, atomization spray time, interval time, electrical conductivity, and 
pH values (Lakhiar et al., 2018). These factors are controlled by using the latest cloud technology, and 
weather changes will not affect the process as it is in an enclosed environment 

Aeroponically grown plants grow faster because all inputs—temperature, light, moisture, and 
nutrients—are precisely controlled. Plants do not have to expend valuable energy looking for diluted 
nutrients in the soil. They devote their full attention to growing and producing fruit. The system uses 
98 percent less water, 60 percent less fertilizer, 100 percent fewer pesticides and herbicides, and 
maximizes plant yield by 45 percent to 75 percent more than a geoponics system (Stoner, 1983 and 
NASA, 2006). It does not need trays to carry water and uses 90 percent less water than a hydroponic 
system (Birkby, 2016). In an aeroponics system, the plants have an increased growth rate and 
maturation; multiple harvests of a single perennial crop are possible, as is an accelerated cultivation 
cycle. The farmer can easily remove the mature plant without disturbing another plant. Because of clean 
root material free of soil, soilborne organisms, and impurity from alien plant species contaminants, the 
diseases could not spread quickly. Plants are less vulnerable to soil-borne pests such as birds, gophers, 
and groundhogs and conditions such as Fusarium, Pythium, and Rhizoctonia species, as there is no soil.  

In an aeroponics system, carbon dioxide and oxygen availability are controlled and supplied directly to 
the leaves, stem, and roots to accelerate growth. It can grow and harvest the plants throughout the year 
without any interference. It is a plant growing system that is both environmentally friendly and cost-
effective (Lakhiar et al., 2018).  

Aeroponics growing system is successfully used in South America (Rodríguez et al., 2012), and efforts 
are being made to bring this technology to some African countries as well (Otazu, 2010 and Gopinath 
et al., 2017). In Europe, the use of aeroponic systems for potato seed production is relatively new. Until 
about ten years ago, usage of these technologies was almost universally limited, with only a few 
countries, such as China or Korea, employing them to commercialize high-quality potato seeds (Kim et 
al., 1999 and Gopinath et al., 2017). 

1.1.4.1. Limitations of Aeroponics growing system: 
Aeroponics growing system requires a high initial investment, time, and maintenance for large-scale 
production. Plants may be left alone for days in conventional farming and will survive for short periods. 
The nutrients in the soil and weather conditions maintain balance in the plant growth. For aeroponics, 
this is not the case. Without proper care and maintenance, plants will not survive a day or two. To ensure 
proper operation, an integrated solution of all available technologies like microcontrollers, sensors, and 
IoT can be implemented in those systems. 

Minor mistakes in wiring and malfunctions in any devices or sensors could cause adverse effects to the 
growing system. Experience and technical knowledge on specific devices and nutrients solution are 
necessary to maintain plant growth in the aeroponics growing system.  

System failures can pose a threat to the growing system. These failures can occur because of power 
outages, which prevent the pumps from circulating the nutrient solutions to the roots, LED light from 
illuminating the plant, and heater from heating the greenhouse during extreme weather conditions. 
Plants may dry out quickly and die within a few hours if this occurs. Backup power should be considered 
for large commercial operations to address unexpected outages. 

The initial investments are relatively high compared to geoponics and are determined by the size of the 
garden. A growth chamber, LED lights, a pump, sensors, and nutrients are all required for systems. 
Once the system is operational, the costs will be limited to nutrients and electricity. 
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1.2. The aim, research questions, and delimitations: 
The aim of the thesis is to explore the potential of household rooftops to perform ZFarming in 
Stockholm and find total aeroponics systems required to achieve the tomato demand in Stockholm along 
with that compare the result with the conventional farming of tomatoes grown in the Canary Islands.  

For these reasons, it is of importance to study the aeroponics systems required to achieve the tomato 
demand of Stockholm and investigate the result with the tomatoes grown in the Canary Islands, thus 
leading to the following main research question: 

What is the potential to grow tomatoes by using household rooftops and aeroponics systems in 
Stockholm to cover the population’s demand? 

Specific research question 

RQ1: How many household rooftops can be helpful to perform ZFarming? 

RQ2: How many modular aeroponics systems needed to achieve the tomato demand of Stockholm? 

RQ3: How can ZFarming be a sustainable alternative for geoponics? 

1.2.1. Delimitations: 
The thesis project did not include the technical aspects like Strength of materials and computational 
fluid dynamics design to modular aeroponics system. There are no design details for a greenhouse, as 
the size and shape of the rooftop differ from one another. Neither are the policies and legal constraints 
considered. This thesis does not explain the successive farming regime to provide continuous harvest 
year-round. 

1.3. Outline of the report: 
The thesis consists of an Introduction (Chapter 1), Methodology (Chapter 2), Design (Chapter 3), Result 
(Chapter 4), Discussion (Chapter 5), and Conclusion (Chapter 6). 

The Introduction part (Chapter 1) presents the background, the aim of the study and explains the theories 
involved in the thesis. The Methodology portion (Chapter 2) describes how the research was conducted, 
different types of methods used in this study, and the limitations of each technique. In the Design part 
(Chapter 3), collective ideas and data were used in software like ArcGIS, AutoCAD, SolidWorks to 
obtain the results. This chapter will also contain the calculation of heat and water consumption. In the 
Result section (Chapter 4), ArcGIS, AutoCAD, and SolidWorks are used to find the suitable rooftops 
to perform ZFarming and find the feasibility of aeroponics growing system, respectively. The 
Discussion portion (Chapter 5) analyses the results obtained in Chapter 4 and answers the research 
questions. The final chapter (Conclusion) comes up with an overview of the thesis results, answers the 
aim, and provides a list of suggestions for further research.        

2. Methodology:  

2.1. Research Design: 
The thesis seeks to find what potential Stockholm contains to perform ZFarming when a modular 
aeroponics system is installed inside a potential greenhouse and determine the product’s feasibility for 
the market demand.  

To answer the research question, the thesis comprises both qualitative and quantitative methods. The 
qualitative method in the form of literature review gave an understandable knowledge about the thesis 
background and explained the involvement of the quantitative method, GIS study, and find suitable 
tomatoes that can be grown in the aeroponics growing system. 
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The quantitative method involves ArcGIS mapping of the household rooftops at Stockholm to find 
unused urban rooftops that are suitable to sustain the aeroponics system to grow the globe tomatoes. 
The second method in the quantitative method is AutoCAD (2D), a design software used to design a 
compact modular system to grow tomatoes. SolidWorks (3D), a design software used to find the 
system’s weight and present the system in 3D view.  

2.2. Literature Review:  
To understand ZFarming and answer the research question in this thesis, a literature review was 
conducted to explore and identify existing ideas and relevant theories for this study.  

Knopf (2006) states the benefits of considering a literature review: 

• To understand a general overview of a research with which personally are not familiar.  
• To learn about the existing ideas and research. 
• To explore new ideas that can be used in our research.  
• To understand and learn the problems or inconsistencies in existing research. 
• To expand the research in a larger context.  

Primarily the focus was to find information on ZFarming and sustainable types of urban farming. 
Secondly, find the best types of tomato plants that can be grown in that method. Thirdly, the water 
consumption, the heat required to sustain the system, and building conditions to hold the system. Since 
the thesis is focused on Stockholm, the research was mainly focused on existing projects in developed 
cities worldwide, especially in Nordic and European countries.  

The first objective of the research is to find the total area that can sustain the system, so the study was 
focused on rooftops conditions, size, and location. Secondly, the design of an aeroponics growing 
system to grow the globe tomatoes on the rooftops of Stockholm. Finally, the study was focused on 
choosing the best material and dimension for the system to be efficient and profitable 

The literature review was conducted by using the following keywords (ZFarming, sustainable types of 
urban farming, globe tomatoes, and urban farming) for searching through Google Scholar, 
ResearchGate, ScienceDirect, and Uppsala University Library search engine in the order of high to less 
frequently used. The concept of ZFarming is still in the development stage of research and not widely 
spread globally, and the research materials are limited. Most of the literature consists of journals, 
secondly of other kinds of news articles, blogs, websites, and published literature.  

2.2.1. Limitations of the literature review:  
Mallett et al. (2012) mentioned that literature reviews should be accompanied by relevant replication or 
reproduction of their results and findings, which are not possible in this thesis due to time constraints. 
That is a significant limitation for this thesis because most of the calculations to design a modular 
aeroponics system and find household rooftops to perform ZFarming in Stockholm were based on the 
projects conducted by other researchers.  

In aeroponics and ZFarming, there are not yet many types of research that have been conducted that 
have resulted in other types of data sources, such as websites, news articles, and blogs. Further on, 
personal knowledge was also used in the thesis. 

2.3. Secondary Data Comparison and Analysis: 
Secondary data is made up of data sources and other information gathered by researchers and academic 
professors and archived in some form. Government reports, industry studies, archived data sets, and 
syndicated information services, in addition to the traditional books and journals found in libraries, are 
examples of these data sources. Secondary information provides relatively quick and inexpensive 
answers to many questions and is almost always the starting point for primary research (Stewart and 
Kamins, 1993). 
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The significant advantage of secondary data is time and cost. In general, it is inexpensive and consumes 
very little time compared to primary research. Secondary data improves the efficiency of the study and 
acts as a useful comparative tool. Time and lack of data are sensitive factors to this study; therefore, the 
secondary data comparison and analysis method are adopted in the thesis.  

Valenzano et al. (2008) research on the effect of the growing system provided data to answer the second 
research question, and Högberg (2010) research on life cycle assessment of tomato growers offered data 
to answer the third research question and improve the effectiveness of the thesis.  

2.3.1. Limitation of Secondary Data Comparison and Analysis 
In general, the major drawback of secondary data is the authenticity of the data, but in this case, the 
data are gathered from a published research journal. In addition to that, Outdated data creates an issue 
on secondary data comparison and analysis. Högberg (2010) data is eleven years old; in these years, the 
process might have improved, and the result could be changed entirely. 

2.4. GIS study:  
The first research question is to find the potential household rooftops to perform ZFarming in 
Stockholm. A quantitative method using geographical information system (GIS) was applied to answer 
the first research question. The definition of GIS by ESRI (Environmental Science Research Institute, 
Inc.) is ‘An organized collection of computer hardware, software, geographic data, and personnel 
designed to effectively capture, store, update, manipulate, analyze, and display all forms of 
geographically referenced information.’ GIS tools provide the user to create interactive queries, predict 
the future outcomes with data, analyze spatial information, recreate maps, and present the result of these 
operations in all kinds of forms like charts, graphs, 3D view, etc.  

Sectors like Agriculture, Rural Development, Irrigation, Energy, Transport, Environment, and Urban 
Development are benefitted from GIS. The acronym of GIS is a geographical information system, but 
in recent years GIS has transformed into geographical information technology with advancements like 
Mapping Techniques, Photo Grammetry, Geology, Remote Sensing, Satellite Imagery, Surveying, 
Global Positioning Systems (GPS), and Cartography. Berger (2013) reports that GIS allows the user to 
analyze the geospatial data, recreate and calculate the rooftops footprint area, which is needed explicitly 
in this study, to find out the potential household rooftops for implementing a greenhouse and perform 
ZFarming. Amer et al. (2017) mentions the vital strength of using the proposed quantitative method 
GIS because it can create maps and bring out the result with a minimum dataset. 

GIS has different versions like ArcGIS Pro, ArcGIS Desktop, ArcGIS Online, ArcGIS 3D Analyst, 
ArcGIS Map, etc. In this research, the 10.8.1 ArcGIS Desktop software version was used.   

2.4.1. Operationalization of GIS study:   
The software ArcGIS 10.8.1 and Google Earth Pro are used to perform the GIS study. SWEREF99 TM 
is used as the Coordinate reference system in the study to ensure minimal error on calculation and to 
mark the location. SWEREF99 TM was approved as the official version of ETRS89 at the EUREF 
meeting in 2000. 

The GIS study is guided by five main factors, as shown below flowchart. The first step is to locate the 
most populated region in Stockholm; the second step is to find the supermarket’s location (Therefore, 
19 ICA supermarkets were selected in this study in the most populated areas of Stockholm as the 
marketplace to sell the tomatoes.); the third step is to separate the areas into four sectors (North, West, 
Central, South). It is decided based on factors like population density, faster supply chain, and shop 
locations; the fourth step is to categorize the buildings to perform ZFarming. Industrial buildings are 
omitted due to pollution and legal restriction and considered residential houses with more than 500 m2 
rooftops. According to Berger et al. (2013), rooftop areas equal to or above 465 m2 are suitable for 
greenhouses. The final step is to analyze the total rooftop area available for the study.    
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Data for analytical purposes are gathered from several different sources. The terrain map of Stockholm, 
property map buildings, historical orthophoto are collected from Lantmäteriet. Population and income 
data are gathered from Statistics Sweden. The location of ICA supermarkets is derived from Google 
Earth Pro.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4.2. Limitations of GIS study: 
The process of creating a map with GIS software is entirely dependent on existing datasets (Sen, 2018); 
in this study, the constraints like building height, weight, accessibility, and sunlight are not considered 
due to limited datasets.   

ArcGIS 10.8.1 software cannot measure the exact dimension of the rooftop that obstructed the 
greenhouse design, as the greenhouse is entirely dependent on the size and shape of the rooftop. In 

Population 
Density 

Shop Location 

Focal Area 

Focal Area 
Buildings 

Rooftops 
Analysis 

• Buffer: To illustrate the shop coverage. 
• Define the focal area by the nearest distance to shops 

• To learn demographic pattern (populated areas) 
• To choose potential study area 

• Divide the study area into four sectors 
• Helps to manage the transport and supply tomatoes to 

markets 

• Building category: Residential 
• Minimum of rooftops size 500 m2 

• Analysis on total rooftop area  

Figure. 1. Flowchart of GIS study 
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addition to that, GIS software cannot identify vents, chimneys, and air conditioners on the rooftops, so 
it is ignored in the study; therefore, in reality, the potential area of rooftops would be smaller.     

2.5. Design Software:  
The second research question is to find the number of modular aeroponics systems required to produce 
the tomato demand in Stockholm. A quantitative method using AutoCAD and SolidWorks was applied 
to answer the second research question. AutoCAD’s definition is a computer-aided design (CAD) 
program used for 2-D and 3-D design and drafting by engineers and constructors professionals’ 
(Autodesk.com, 2018). It is commonly used to create and modify 2-D designs for market products with 
precise measurement information about the layout of the product. AutoCAD does not use volumetric 
models and creates drawings solely with lines. SolidWorks was used to design in 3-D and find the 
weight of the growth chamber and system to overcome that issue. 

SolidWorks is a computer-aided design software (CAD) owned by Dassault Systèmes. SolidWorks has 
an added feature; it employs the parametric design theory to create three types of interconnected files: 
the part, the assembly, and the drawing. As a result, any changes made to one of these three files will 
affect the other two. SolidWorks software offers to design precise 3-D objects, develop market products, 
and create animations of designed 3-D objects.   

AutoCAD and SolidWorks have transformed sectors like Architecture, Automotive Industry, Civil 
Engineering, Electrical Engineering, Facilities Management, Interior Design, Mechanical Engineering, 
Medical & Life sciences, Oil & Gas, Structural Engineering, and Surveying. The acronym of AutoCAD 
and SolidWorks are Automatical Computer-Aided Design and 3-D solid modelling CAD software, 
respectively. Moustafa et al. (2019) report that AutoCAD is easier to develop the 2-D design, and 
SolidWorks is compatible to create and design 3-D models and products related to engineering sectors. 
The students rated SolidWorks as simple to use and consistent across 2-D and 3-D CAD adoption 
(Kostic, 2012).  

2.5.1. Operationalization of AutoCAD and SolidWorks: 
CAD is a program that assists users in the creation of Stereolithographic (STL) files. It aids in the 
design, analysis, and optimization of 3-D models. The software aids in the creation of design concepts 
and the visualization of those concepts through realistic renderings. It also mimics the presentation of 
the design in the real world. SolidWorks and AutoCAD are well-known software programs used in this 
study to design the required shape and dimension. The AutoCAD 2020 version 23.1 and SolidWorks 
2020 version 28 were used to design a modular aeroponics system.  

The design of a modular aeroponics growing system is divided into three steps. The first step is to 
design the growth chamber and structural frame of the system in 2-D with the help of AutoCAD. The 
dimensions of the growth chamber, potholes, and other components are based on the standard market 
product sizes and tomato plant growth and size. The second step is to design and develop a 3-D model 
with SolidWorks. The structure designed in AutoCAD is recreated on SolidWorks using specific tools.  
The final step is to include the details of the material like PVC (growth chamber) and Aluminium 
(system structure) densities to find the weight of the one aeroponic system.  

2.5.2. Limitation of AutoCAD and SolidWorks: 
AutoCAD cannot compete with modern 3-D modelling, Building information modelling, and 
illustration software (Moustafa et al., 2019). AutoCAD creates drawing only with lines, and it uses 
limited effects for 3D geometry. It has a limited range of file formats that it can import or export. 
Therefore, it causes issues when using more powerful software and exporting programs to an AutoCAD 
format, as effects, geometry, and colours are almost entirely lost. In AutoCAD, the line and hatch tools 
are used to add colour, fill, and texture. However, since AutoCAD has a small number of colours (256), 
and hatching provides texture, that does not obtain photorealistic images as done in illustration 
programs.  
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SolidWorks is designed to overcome the limitations of AutoCAD with a cost. The most significant 
disadvantage of SolidWorks is the pricing. It is expensive for students to learn and use on their own.  

2.6. Globe tomatoes or Bush beefsteak tomatoes:  
The aeroponics system can grow herbs, leafy greens, fruits, and vegetables, including chives (Allium 
schoenoprasum), mints (Mentha), skullcap (Scutellaria), ginger (Zingiber officinale), and yerba mansa 
(Anemopsis californica); lettuce (Lactuca sativa), spinach (Spinacia oleracea), and Tuscan kale 
(Brassica oleracea var. palmifolia); potato (Solanum tuberosum), tomatoes (Solanum lycopeersicum), 
broccoli (Brassica oleracea), cucumber (Cucumis sativus), beets (Beta vulgaris), peppers (hot and 
sweet), eggplant (Solanum melongena), radish (Raphanussativus), peas (Pisumsativum), beans 
(Phasiolus vulgaris), cauliflower (Brassifca oleracea var. botrytis), sweet potato (Ipomoea batatas), and 
ground cherries (Physalis), respectively (Sinha Roy, 2020)  

In this study, bush beefsteak tomato or commonly named as the globe tomato, is chosen for the 
following reason.  

1. Freisinger et al. (2015) state that crops should be readily marketable and positively impact 
sustainability. In that case, leafy vegetables, herbs, different species of tomatoes are suitable 
and preferred to be produced on rooftop greenhouse.  

2. Orsini et al. (2014) conducted experimental research in rooftop greenhouses, growing crops 
such as lettuce, tomatoes, chili pepper, etc. receiving yields on the daily basics in the city of 
Bolognia adopting methods like Nutrient film technique, floating hydroponics system, and solid 
substrate cultivation in wooden boxes.      

3. Tomato is one of the most consumed vegetables in Sweden (Sinha Roy, 2020), but only two 
out of ten tomatoes found in the market are grown in Sweden; the rest of the tomatoes are 
imported from Netherlands and Spain (fransverige.se, 2018) (Högberg, 2010). Tomatoes 
undergo market fluctuation all around the year. During summer, tomatoes are cheap as they are 
grown in Sweden, but during winter-spring, the tomatoes are imported from Netherlands and 
Spain; due to long transportation, taxes, and import duties, prices of tomatoes increase.  

4. Sweden has a high dependence on food imports (Flanders Investment & Trade, 2018). 
Tomatoes from Netherlands and Spain have higher global warming potential than tomatoes 
grown in the greenhouses of Sweden. To build a resilient food system, reduce carbon footprint, 
and maintain food security, importing food products such as tomatoes must be decreased. The 
production of tomatoes by aeroponics method over rooftop greenhouse in Stockholm city will 
help to achieve it.  

5. There are 3000 tomato species, and most species are generally grown in two types such as vine 
and bush. Vine method tomatoes are commonly grown in tall and big greenhouses for mass 
production. In this study, bush-type tomatoes are considered to design a compact modular 
aeroponics system. The most common type is globe tomatoes, also called Bush beefsteak 
tomatoes. 

3. Design: 
 

3.1. GIS: 
 

The tools used to be able to conduct the study is defined and presented in table 1, see below.  

Buffer tool Helps to create buffer polygons around input features to a specified 
distance. 

Clip tool Extracts input features that overlay the clip features. 

Dissolve Dissolve tools aggregate features based on specified attributes. 
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Source: ESRI – Table 1. Definition of the GIS tools 

ICA Group is the biggest food market chain in Sweden, with thirty-six percent market shares (Statista, 
2018). ICA has concentrated on strengthening its local market supply and sustainability strategies, 
especially in the supply chain line. ICA (2018) sustainability report mentions their new initiatives to 
support locally grown food, urban farming concepts inside their outlets, and fundraising to support local 
markets in collaboration with the government.  

 

Figure. 2. Selected 19 ICA supermarket’s locations 

Population density is the main factor because it is directly proportional to the food demand and 
development of a region. Therefore, with population density as the primary attribute, as shown in 
(Figure 2), 19 potential ICA supermarkets in the selected part of Stockholm municipality were located 
using Google Earth Pro. Shop points were marked as black dots and saved in kmz format and were 
further converted into shapefile with the help of Arc Toolbox. 

Stockholm has been divided into many numbers of polygons by the municipality to analyze each area 
effectively. With the help of lantmäteriet, the study area of polygons was downloaded and recreated for 
the study purpose using ArcGIS 10.8.1 software. The selected 19 ICA supermarkets were located using 
Google Earth Pro were overlaid on the polygons as black dots along with the data of population density 
from SCB to get our focal points.  

In the population map (Figure 3), red square boxes depict high population density, and green boxes 
show lesser population density. The map indicates that more people live around the shop locations; 
thus, the study will be focused on those regions.   

Field 
Calculator 

Works on a string, number, and date fields and automatically calculates selected 
records if the layers or table has a selection set present. 

Near tool A tool used to calculate the distance and additional proximity information between the 
input features and the closet feature in another layer or feature class. (ESRI) 
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Figure. 3. Population Map 

The next step is to use the Buffer tool to get a spatial idea of the surroundings of the shops. A buffer of 
1 and 3 kilometres (Figure 4) was created by keeping ICA supermarkets as focal points. The reason 
behind 1 and 3 kilometres is to reduce long-distance transportation and build a sustainable supply chain. 
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With the help of a buffer tool, the areas beyond 3 kilometres radius were excluded from the study area, 
making the study smaller and effective.  

 

Figure. 4. Buffer map 

The next step in the study is to find the distance from the ICA supermarkets (Figure 5) to designated 
focal areas, to improve the supply chain within the region; the near distance was calculated. With the 
sector polygon as an input feature and ICA supermarkets as a near feature, Near FID and Near distance 
data have been produced with the help of the Near tool.  
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Figure. 5. Distance from shops 
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The next step is to find the location of the buildings and divide them into sectors. Even though after the 
buffer and near distance result, the study seemed bigger. The focus of the study is to limit the supply 
chain and form a sustainable transportation around supermarkets. Instead of 3 kilometres area span, the 
study area is limited to 1.5 Kilometres and removed the surrounding polygons.  

Building rooftops were selected based on few factors. As Berger et al., (2013) mentioned, rooftops 
above 465 m2 can be profitable for greenhouse projects. So, the size of the rooftops measured less than 
500 m2 are removed from the attribute table of the building’s dataset.  

Small and scattered rooftops are not feasible and profitable as it requires equal effort with designing a 
greenhouse, setting up the systems, and maintaining the crops for a minimal yield. As aeroponics is a 
closed system, pollutants can cause damage to the system, and production of the crops, industrial, 
governmental, municipal structures, community buildings, etc., were removed from the datasets. 
ZFarming focuses on community-supported farming business models, so residential buildings are the 
priorities for the study.   

In the final step, newly derived building layers were merged (Merge tool) with the Stockholm polygons 
and dissolved (Dissolve tool) into four sectors to make the focal area smaller and effective. The four 
sectors were created to develop a sustainable supply chain between the vegetables produced from the 
rooftops and markets. ICA supermarkets are spread around the city were kept as a focal point, and 
surrounding rooftops were separated into four sectors with the help of Near_FID. To find the rooftops 
area and population in each sector, a new field is created in the attribute table, and a geometry tool is 
used.  

3.2. Aeroponics Growing System Design:  

3.2.1. 2 – D Structural Design:  
 

1. PVC Growth Chamber: 

Length of the growth chamber = 1 m, but the total length of the system is 1.2 m, including the frame 
structure. The standard width, height, and wall thickness of the growth chamber are 0.15 m, 0.15 m, 
and 3 mm, respectively.  

 Growth Chamber Dimensions = Length ∙ Width ∙ Height 

     = 1.0 ∙ 0.15 ∙ 0.15 m.   

Diameter of the potholes = 0.1 m  

Centre to center distance = 0.2 m; these dimensions are based on the average globe tomato plant.     

Based on these dimensions, with the help of AutoCAD a 2-D growth chamber is designed as 
shown in (Figure 6).  
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Figure. 6. 2-D Design of Structural frame; Dimensions are in Centimetres 

2. Trapezoid structural frame: 

The system design focused on keeping the surface area less than 2 m, so the trapezoidal structure seems 
relative.  The dimension of the system is based on the average size of the globe tomato plant. An average 
plant grows 0.3 to 0.6 m high and 0.2 to 0.3 m wide. The distance between each growth chamber is 0.3 
m with an inclination. So, one plant’s growth will not be disturbed by another plant.  

Maboko et al. (2017) state that 20 plants/m2 can improve the marketable yield of tomatoes during the 
summer season in a closed hydroponics system. Considering this, the structure is designed as shown in 
(Figure 7) to hold 45 plants considering Sweden’s extreme winter conditions.   

Total surface area = Length ∙ Breadth 

        = 1.45 ∙ 1.20 = 1.74 m2. 

 

Figure. 7. 2-D Design of Structural frame; Dimensions are in Centimetres 
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3.2.2. 3 – D Structural Design:   
The tools used to be able to conduct the study is defined and presented in table 2, see below.  

Tools Definition 
Extrude Boss It helps to create an object by extruding the edges and surfaces of a sketch.  
Extrude Cut It helps to remove material from a part 
Sweep It helps to create a cut by moving a profile along a path. 
Shell It helps to create a thin-walled feature in the sketch. 

Source: SolidWorks - Table 2. Definitions of the SolidWorks tools  

1. PVC Growth Chamber:  

Extrude Boss, Shell and Extrude cut are the tools used to design the growth chamber. The dimensions 
used in designing the growth chamber are similar to the 2-D sketch. The first step is to sketch a 2-D 
growth chamber and use Extrude Boss to the sketch. Extrude Boss creates a 3-D rectangular box, as 
shown in the (Figure 7). The second step is to use the Shell to create a hollow gap and a wall thickness 
of 2.23 mm. The final step uses Extrude cut to cut holes in the growth chamber to make potholes and 
make a pipe inlet hole on the sides of the growth chamber to flow water through the PVC pipe.  

Inside the growth chamber as shown in (Figure 8), there is one 13 mm PVC pipe that runs through the 
chamber for water circulation purposes. The exact process is repeated to design this pipe.  

To find the weight of the one growth chamber, material specifications of the growth chamber is 
modified in SolidWorks. The growth chamber is made in PVC; the density of the material is 1300 
kg/m3. As a result, one growth chamber is 378 grams, i.e., 0.378 kg. The total weight of the growth 
chamber in one system is 3.402 kilogram.  

 

Figure. 8. 3-D Design of growth chamber 

2. Trapezoid Structural frame:  

The designing of the trapezoid structural frame as shown in (Figure 9) involved three steps; the first 
step is to sketch the pipe in 2-D according to the following dimensions, standard T6-6061 aluminium 
pipe nominal size, outer dimension, inner dimension, wall thickness, and density are 6.35 mm, 13.716 
mm, 9.245 mm, 2.235 mm and 2,700 kg/m3 respectively. The second step is to use Extrude Boss to 
make the 2-D pipe into a 3-D object, and the final step is to use the Sweep tool to cut along the pipe 
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path to make a hollow pipe. In (Figure 10), the growth chamber and trapezoid structural frame are 
assembled to create one aeroponics system in the assembly section.    

T6- 6061 Aluminium pipes are used as the structural support to hold the growth chamber. T6- 6061 is 
a widely used aluminium pipe series for high/medium commercial use. In general, aluminium is cheap, 
weightless, and environmentally friendly. The aluminium frame weighs approximately one kilogram. 
The total weight of the system is 4.4 kilogram.  

 

Figure. 9. 3-D Design of aluminium frame 

 

Figure. 10. 3-D Design of aeroponics growing system 
 



21 
 

3.2.3. Aeroponics System Components:  

3.2.3.1. Sensors: 
 

1. Temperature and Humidity Sensor: 

Temperature is one of the critical factors in the aeroponics system; it determines plant growth and 
development. Temperature drop below optimal plant conditions often results in suboptimal plant growth 
(Lakhiar et al., 2018). The optimal temperature for tomato production is 18 to 26.5 °C. The root growth, 
respiration, flowering, and dormant period will be affected by temperature fluctuations in the growth 
chamber. Therefore, temperature sensors are used to monitor the changes of the modular aeroponics 
system.  

Humidity is another important factor of the aeroponics growth chamber environment. In aeroponics, 
plants absorb nutrients from the air; if the moisture content is too high or less, it causes a problem to 
the growth of a plant. Therefore, an accurate and precise level of moisture is maintained to provide a 
suitable plant growth environment. The sensor is placed inside the growth chamber; if it detects any 
change in the moisture content, it will forward the signals to atomization nozzles to spray the nutrients.   

Lundin and Olli (2017) suggest a DHT22 sensor to monitor temperature and humidity. DHT22 is a low-
cost sensor with a temperature range and accuracy of – 40 °C to 80 °C and ± 0.5 and the humidity range 
and accuracy of 0% to 100% and ± 2 to 5%, respectively.  

2. Electrical Conductivity and pH Sensor: 

The pH is defined as measure the degree of acidity, and EC is a measure of all the salts dissolved in 
water (Lakhiar et al., 2018). The unit of EC is ds m-1. The EC and pH concentration of the nutrient 
solution affects the availability of the nutrients to plants (Lakhiar et al.,2018). In the aeroponics system, 
the nutrient water is recycled repeatedly, and the process impacts the pH and EC level. Fluctuation in 
EC and pH values in nutrient solution will influence plant growth and productivity. Therefore, it is 
essential to maintain the pH and EC value. For a tomato plant, EC and pH value should be maintained 
between 2-5 ds m-1 and 5.5– 6.5, respectively.  

Lundin and Olli (2017) recommend a DS18B20 sensor to monitor EC and pH values in the nutrient 
water tank. As the sensor are sensitive to temperature, it is placed inside the water tank to avoid 
temperature fluctuations.  

3. Water Level Sensor: 

The aeroponics system does not require soil for nutrients, and the nutrient water is sprayed in the form 
of mist. Therefore, the water nutrient tank is the essential component of the system that needed to be 
monitored throughout the process. The sensor detects the liquid level in the tank and will alert the 
operator in case of leaks in the tank. When the level of liquid drops to the minimum level, the sensor 
interrupts the pump-to-pump water.  

Lundin and Olli (2017) suggest using a simple flotation-based on/off switch sensor. The 109 mm Water 
Level Sensor Liquid Float Switch is a commonly used sensor in the hydroponics system.   

4. CO2 Sensor: 

For optimal plant growth, the level of oxygen concentration should be monitored. Low concentrations 
can impact root respiration, nutrient absorption and result in less plant growth (Lakhiar et al., 2018). 
Therefore, a CO2 sensor is placed inside the aeroponics growth chamber to monitor the carbon dioxide 
measurements. 

MG-811 sensor is a commonly used CO2 sensor in the market. The sensor is connected to a 
microcontroller to know the exact concentration of carbon dioxide in the air (Lakhiar et al., 2018).  
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3.2.3.2. Actuators:  
 

1. Pumps: (Dimension: 20.14 ·14.5 ·10.49 cm, Weight: 1.2 Kilogram) 

The water pump is used to pump water from a tank to the growth chamber. However, the water must 
be pressurized to 80-100 psi to supply nutrients to the roots in this case. The pressure pump works 
exactly like a normal water pump but can increase the water pressure. These pumps cannot be 
submerged in a water tank like a hydroponics pump. 

The pressure pump used in this system is Bayite 12V DC. The pump has a flow rate of 7.5 liters per 
minute to a maximum height of 2 meters. The patented pump design is safe, smooth, and consistent at 
all ranges of working conditions. The pump’s body is sealed to prevent incidental moisture and dust 
from entering. Water is pumped through a 13mm PVC inside the growth chamber, and the excess water 
will be recycled and used in the process. 

2. Light and Temperature:  

Temperature and light are the essential factors that influence the frequency of plant growth. It influences 
the plant in all stages of development, from nursing to flowering stage (Hatfield and Prueger, 2015). In 
the aeroponics system, both nutrient and air temperature should be maintained for proper growth. As 
the temperature goes down, it will slow down the development process; if it rises, the chemical process 
accelerates faster and degenerate the enzyme activities. The ideal temperature for globe tomatoes is 18 
to 26.5° C. However, the temperature of the growth chamber should not exceed 30° C and less than 4° 
C (Otazú, 2010). Stockholm is darker during winter and receives an average of three hours of daylight. 
An LED (light-emitting diode) will be hanged from the greenhouse to illuminate the plants in the growth 
chamber to adjust the light environments. The LED could be the best alternative for natural sunlight as 
a light producer for plant growth in an aeroponics system.  

Spider Frame SF-1000 is recommended as a light source. The panel size is 30 ∙ 26.7 ∙ 5.9 cm and weighs 
1.92 kg. The panel gives a light output of 16,000 lumens and can operate at 100 – 277 Volts.  

Tunio et al. (2020) reports that low-height greenhouses will be warmer, and there is no need for external 
heating systems. During extreme weather conditions, the household waste heat vent will be connected 
to the greenhouses to heat the systems.  

3. Spray misters and droplet size:  

The Aeroponics system does not require a single soil particle to absorb essential nutrients for plant 
growth. But the roots of the plants need a nutrient spray mist (Avvaru et al., 2006).  

Lakhiar et al. (2018) mentions that the simple aeroponics system uses pressurized water that is sprayed 
through a garden sprinkler-type fluid nozzle. However, different atomizers are designed over the years, 
with varying patterns of spray and orifices to provide tiny liquid droplets as low as 1 micron. The 
atomization is differentiated into high, medium, and low-frequency atomization (Lu et al., 2009). In 
high-pressure atomization nozzles, the size of the droplets is ranged from 10 to 100 microns. The jet 
spray nozzles with 0.025-inch and 0.016-inch orifice under pressure pump at 80 to 100 psi deliver the 
drop size of 5-50 microns and 5-25 microns, respectively (Lakhiar et al., 2018). The reason to maintain 
tiny droplets is that smaller droplets saturate the surrounding air and maintain humidity levels within 
the growth chamber. Droplets that are more than 100 microns tend to fall out of the air before absorbed 
by the plant root.    

Ultrasonic atomization foggers, Low-pressure, and High-pressure atomization nozzle are the three types 
of spray misters available in the market to spray nutrient water at micron size. The ultrasonic fogger is 
a device that uses ultrasonic sound waves to break down waves into micron droplet sizes that are sprayed 
into the root system as a thick fog. Ultrasonic foggers require a separate electrical circuit to work; thus, 
it is expensive and difficult to maintain. The low-pressure nozzles are cheap and easy to maintain; for 
that reason, it is more convenient than ultrasonic foggers, but the droplet sizes are bigger than ultrasonic 
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foggers. Lakhiar et al. (2018) recommends low-pressure nozzles for small-scale gardening. The high-
pressure atomization nozzles are operated with an air compressor. These nozzles are better than low-
pressure nozzles because of their large atomization quantity, but they produce loud noise during 
operation and suggests this type for large-scale gardening.      

In this aeroponics growing system, nozzles are placed inside a growth chamber below the root system 
in a dark and closed environment. So, low-pressure atomization nozzles are preferred.    

4. Nutrient Solution: 

Nitrogen N, Potassium K, Phosphorus P, Sulphur S, Calcium Ca, and Magnesium Mg are the six 
essential nutrients needed for a plant. The concept of ionic mutual ratio was created by Steiner (1961), 
which is based on the mutual ratio of cations: K+, Ca2+, Mg2+, and the mutual ratio of anions NO3

-, 
H2PO4

- and SO4
2-. Because of the ionic balance constraint, it is impossible to supply one ion without 

introducing a counter ion (Hewitt, 1966). 

Plants can uptake ions at low concentrations when a nutrient solution is applied continuously. As a 
result, it has been stated that plants do not use a large proportion of nutrients or that their uptake does 
not affect development. On the other hand, high concentrated nutrient solutions result in excessive 
nutrient absorption and, as a result, toxic effects can be anticipated. To avoid these issues, sensors are 
used to maintain the level of nutrients, pH, and EC of the solution.  

Valenzano et al. (2008) reports, the nutrient solution containing 140 mg N l-1, 240 mg K l-1, 50 mg P l-

1, 45 mg Mg l-1, 8 mg S l-1, and 128 mg Ca l-1 using salts like HNO3, Ca(NO3)2 4H2O, and KNO3, and 
KH2PO4 is the suitable composition for tomato plants. This nutrient composition is based on Johnson et 
al., (1957). This study is based on the bush beefsteak tomato plant, and Valenzano et al., (2008) 
researched beefsteak tomato production with this nutrient solution; So, this nutrient solution 
composition will be considered. The nutrient solution is added to the water tank reservoir and constantly 
monitored with the pH and EC sensors. The nutrient solution reservoir is designed to be outside the 
water tank or inside the growth chamber (Lakhiar et al., 2018), but in this study, the nutrient reservoir 
is placed outside near the water tank. The water solution is reused, and there is a chance of loss of 
nutrients. In that case, sensors alert the microcontroller and pump the required amount of nutrient 
solution to the water tank reservoir.  

It is essential to fix the atomization spray and interval time to grow the plant better in an aeroponics 
system. (Biddinger et al. 1998 and Osvald et al. 2001) successfully performed research on tomato 
production under the atomization spray and interval time of 3-sec on and 10 min off, and 60-sec on and 
5-min off, respectively. 

3.3. Greenhouse:  
The Aeroponics method is a closed system; it requires strict sanitation measures to avoid contamination. 
To provide that greenhouse are built in the rooftops enclosing the modular aeroponics system. The 
greenhouse should be adequately sealed and insulated; no pests or insects can enter (Riggio et al., 2019). 
The greenhouse is recommended to be low roof because low roofs are warmer than the high roof (Tunio 
et al., 2020). Electricity and power should be supplied to the greenhouse (Otazú, 2010)  

The greenhouse is covered with polyethylene plastic material to cover the structure and maintain the 
temperature inside the greenhouse. Polyethylene plastic is the preferred material to cover the 
greenhouse than glass. It is cheap, foldable, lightweight, and protects the plants from ultraviolet rays. 
Galvanized steel, PVC, and aluminium are the standard material used for greenhouse structures. 
Aluminium is recommended as it is cheap, corrosive resistant, lightweight, and easily recyclable 
compared to other materials (Yarrow, 2018).     

The structural design of the greenhouses is not included in this study, as the size and dimensions of the 
rooftops differ from one another.  
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3.4. Geoponics Data Collection: 
Högberg (2010) communicated with José García, a chief executive at ‘Bonny,’ a tomato grower on the 
Canary Island, through email and got the details about the tomato production. In this thesis, the data of 
water consumption, fertilizer usage, global warming potential, and transportation is compared and 
analyzed.     

The tomatoes are grown by the conventional farming method in a large field surrounded by plastic nets, 
and fertilizers are applied directly to the soil. The growing season is from September to April and 
harvested from November to April. There is no need for an external heat supply due to the warm climate. 
The company produces its electricity through wind power and solar panels (Högberg, 2010). 

 

 

 

 

Source: (Högberg, 2010) - Table 3. Values reported per kilogram tomato produced by Geoponics 

Transport to Stockholm: 

1. 35 km, farm to Las Palmas harbor using small truck (empty on the way back). 
2. 3200 km (Sea Transport), from Las Palmas harbor to Rotterdam in a chilled container ship. 
3. 1490 km, Rotterdam to a warehouse in Stockholm using chilled truck (estimate 90% load 

factor) 
4. 40 km, warehouse to retail store in a chilled medium-sized truck (estimate 70% load factor).   

 

4. Result:  

4.1. Potential rooftop area to perform ZFarming:  
4269 flat and inclined roofs were found in Stockholm City; approximately 3500 houses area is between 
500 to 1419.8 and the largest building with 9319 m2 as shown in (Figure 14). The mean area of the 
buildings in the study area is 894 m2. Sen (2018) suggested considering houses of more than 1000m2, 
which could have restricted the result and limited the option. Berger's (2013) suggestion to consider 
houses more than 465 m2 has helped get a better result. In this study, essential constraints like weight 
and height were not considered, and buildings will need personal investigation, which will reduce the 
number of buildings.   

As discussed before, the study area was divided into four sectors (Centre, North, Left, and South) to 
ease the supply chain. In the GIS study, the sectors are mentioned as polygons. Polygon 1, 2, 3, and 4 
indicate the Centre, North, West, and South sectors as shown in (Figure 13). The Centre, North, West, 
and South sector has a population and rooftop areas of 169617 and 993406 m2; 143408 and 836530 m2; 
164197 and 744699 m2, and 229531 and 1240484 m2, respectively (Figure 11 and 12). The total 
population in the study area is 706,753, and the entire rooftop area is 3815121.41 m2.  

Sinha Roy (2020) mentions that 20% of the roof area will cover the space for walkways, safety 
allowance area, and other necessities for operating ZFarming, keeping the rest 80%, i.e., 3815121.41∙ 
0.8 = 3,052,096 m2 available for tomato production. 

Fertilizer, N 
Fertilizer, P   
Fertilizer, K  
Electricity (wind) 
Electricity (solar)   
Plastic nets (HDPE)   
Water  

19.2 g 
12.8 g 
32 g 
0.126 MJ 
0.0146 MJ 
1.5418 g 
31.9 l 
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Figure. 11. Highlighted table indicates the population located in each polygon/sector. 

 

Figure. 12. Highlighted table indicates the rooftops area in each sector. 

 

Figure. 13. Region divided into four sectors 
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Figure. 14. Statistics for Building rooftops 

 

Figure. 15. Central region 

As a final map (Figure 15), the central sector is focused on providing a clear understanding of the study. 
The map is created with two layers; focusing on the central sector with roads and water bodies 
surrounding the region and second for the building’s rooftop around an ICA supermarket.  
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4.2. Aeroponics Growing System result:  
1. Tomato demand in Stockholm:  

Total number of people in study area (Stockholm): 706 752 people 

Average tomato consumption per year: 9.4 kg/person 

Therefore, the total tomato demand in Stockholm is equal to 706 752 ∙ 9.4 = 6,643,478 kg = 6643 tons 
per year 

2. Modular aeroponics system required to achieve tomato demand: 

There are no significant data about productivity on aeroponically grown tomato plants. Valenzano et al. 
(2008) research on hydroponically grown bush beefsteak tomatoes will be considered for this study. 
That research was focused on two hydroponic systems: i) Nutrient film technique (NFT) in closed-loop 
and ii) Drip irrigation in an open-loop Rockwool culture. In addition to that, AlShrouf (2017) research 
suggests that closed-loop NFT and aeroponics are similar in most cases; for that reason, the result of 
closed-loop NFT will be considered to answer the second research question.    

Valenzano et al. (2008) study was between August 2001 – July 2002 at “La Noria,” a subtropical climate 
region. The experiment was divided into two seasons Winter-Spring (WS) and Autumn-Winter (AW). 
Summer was not included due to high temperature, but in Sweden, the summer season would be the 
optimal condition for tomato production.   

Winter-Spring Case study: 

According to Valenzano et al. (2008) research the average yield of one Bush beefsteak tomato plant is 
3.5 kg and Unmarketable yield per plant is 150 grams. As per the design, one aeroponic system can 
hold 45 plants. Therefore, 

45 ∙ 3.5 = 157.5	𝑘𝑔/𝑠𝑒𝑎𝑠𝑜𝑛 (Marketable yield); 45 ∙ 0.150 = 6.75	𝑘𝑔/𝑠𝑒𝑎𝑠𝑜𝑛 (Unmarketable yield) 

According to AlShrouf (2017) the aeroponics growing system gives a 300% productivity increase, and 
the fruit yield is faster than conventional farming. In geoponics, a globe tomato plant life span is 90 – 
128 days, but due to high nutrient flow to roots in the aeroponics method, the life span is around 45 – 
60 days. Sixty days are taken as an end date of harvest; then, there will be six harvest seasons per year 
(Banerjee, 2020). 

157.5	 ∙ 	6	 = 	945	kg/year/system	(Marketable yield);	6.75	 ∙ 	6 = 40.5		kg/year/system 
(Unmarketable yield). Therefore, difference between marketable yield and unmarketable yield gave 
total production of tomatoes as 904.5 kg/year/system. From previous calculation, Average tomato 
consumption = 6643478 kg/year 

Therefore, Total aeroponics system required to achieve the tomato consumption is 6643478	/	904.5	 =
	7345	systems. Based on SolidWorks result, One system surface area = 1.74 m2. Then for, 7345 system 
it is 1.74	 ∙ 		7345	 = 	𝟏𝟐, 𝟕𝟖𝟎	𝐦𝟐. 

The total area required to produce the demand of tomato for Stockholm is 12,780 m2. 

Autumn – Spring Case study:  

According to Valenzano et al. (2008) research during Autumn – Spring, the average yield of one Bush 
beefsteak tomato plant is 4.2 kg and Unmarketable yield per plant is 110 grams. As per the design, one 
aeroponic system can hold 45 plants. Therefore, 

45 ∙ 4.2 = 189	𝑘𝑔/𝑠𝑒𝑎𝑠𝑜𝑛 (Marketable yield), 45 ∙ 0.11 = 4.95	𝑘𝑔/𝑠𝑒𝑎𝑠𝑜𝑛 (Unmarketable yield) 

As mentioned earlier, six harvest seasons are considered per year,  189 ∙ 6 = 1134	𝑘𝑔/𝑦𝑒𝑎𝑟/𝑠𝑦𝑠𝑡𝑒𝑚 
(Marketable yield), 4.95 ∙ 6 = 29.7	𝑘𝑔/𝑦𝑒𝑎𝑟/𝑠𝑒𝑎𝑠𝑜𝑛 (Unmarketable yield). Therefore, difference 
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between marketable yield and unmarketable yield gave per total production as 1104.3 kg/year/system. 
From earlier calculation, Average tomato consumption = 6643478 kg/year 

Therefore, Total aeroponics system required to achieve the tomato consumption is 6643478	/
	1104.3	 = 	6016	systems. Based on SolidWorks result, One system surface area = 1.74 m2. Then for, 
6016 system it is 1.74	 ∙ 	6016	 = 	𝟏𝟎, 𝟒𝟔𝟖	𝐦𝟐. 

The total area required to produce the demand for tomatoes in Stockholm is 10,648 m2. 

Given the different climate conditions in Sweden 7345 system should really be considered the minimum 
number, probably much more is required.  

4.2.1. Heat and Energy Calculation:   
Tunio et al. (2020) mentioned that a well-insulated and low-height greenhouse does not need an external 
heating source, but the calculation is included for a study.  

Dry air specific heat (Cp) = 1 J/gk 

Dry air density (ρ) = 1275 g/m3 

Total greenhouse area (A) = systems area + allowance area = 12780 + 2,556 = 15336 m2, allowance 
area is space for maintenance and walking path in greenhouse. It is found by taking 20% of the total 
area.  

Greenhouse height (h) = 3m 

Mass of air (m) = ρAh 

Optimum temperature for tomato production (18° to 26.5°C) 

Lowest recorded temperature in Stockholm = - 15°C 

∆t = 15 + 20 = 35°C 

Heat capacity (U) = Cp ∙	m ∙∆t = 1 ∙ 1275 ∙ 15336 ∙	35 ∙	3 = 2053107 kJ = 2053 MJ 

Energy (E) = 570 kWh. 

4.2.2. Water Calculation:  

Thirty-one litters of water are consumed in the conventional farming method to produce one kilogram 
of tomato (Högberg, 2010), and 95% of irrigation water saving is possible in aeroponics as compared 
with the conventional farming method (AlShrouf, 2017).  

31 ∙	0.95 = 29.45 litres can be saved, i.e., 31 - 29.45 = 1.55 l of water will be consumed in the aeroponics 
method to produce one-kilogram tomato.  

To produce 6,643,478 kg of tomatoes per year with geoponics and aeroponics method, 205,947,818 
litres and 10,297,390 litres of water are consumed.   

Winter-Spring case study:  

In this case, one plant yield is 3.5 kg of tomatoes per season. 1.55 l to produce one kilogram of tomato 
i.e, 3.5 ∙ 1.55 = 5.425 l/plant 

In a system there are 45 plants = 5.425 ∙ 45 = 244.125 l/system/season.  If one system consumes 244 
litres then 7345 system,  7345	 ∙ 244 = 1,792,180 litres/season 
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Autumn – Spring case study:  

In this case, one plant yield is 4.2 kg of tomatoes per season. 4.2 ∙ 1.55 = 6.5	𝑙/𝑝𝑙𝑎𝑛𝑡. As previously 
mentioned, there are 45 plants in the system therefore,  45 ∙ 	6.5	 = 	292.5	l/system/season. For 7345 
systems the water consumption is 2,148,412 litres/season.  

4.2.3. Electricity Calculation:  
As previously mentioned in the light and temperature section, the study recommended Spider Frame 
SF-1000. There are three different versions of LED light frames regarding their input voltage 100, 240, 
and 277 V. In Stockholm, the standard output voltage in households is between 220- 240V, so the frame 
with 240V is recommended as an external light source. The power draw for the frame is 
98.8W±5%@AC240V, considering 100 W for more straightforward mathematical calculation.  

Calculation of LED light frame: 

One LED light frame lumens 2.5 ∙ 2.5 ft that is 6.25 ft2. 

Total production area = 12780 m2 = 137563 ft2.  

Total LED light needed for production area = 137563 / 6.25 = 22010 Spider frame SF-1000.  

Calculation of power required for LED light frame: 

One LED light frame draw approx. 100 W.  

Total power draw = 22010 ∙	100 = 2201000 W = 2201 kW.   

Heat and electricity values seem higher and project a negative effect on urban farming. For large-scale 
production, the consumption seems minimum compared to geoponics. Urban farming practices have a 
high investment and maintenance. But the productivity rate and less wastage during the process 
increases the profit rate and will make the system effective than geoponics.  

4.3. Geoponics vs. Aeroponics comparison: 
The results of global warming potential are based on (Högberg, 2010) and presented on two different 
scopes; only the materials used in the farm and the farm plus transport, storage, and retail as shown in 
(Table 4). The material in the farm includes plastic nets, electricity, N2O emission, and fertilizers. 
Heating is excluded because geoponics was performed on open land at Canary Island (sub-tropical 
region), where external heat is not required.  

As previously mentioned, 7345 aeroponics growing system will be the result to produce 6,643,478 
kg/year (Stockholm tomato demand). For better understanding of the sustainability of the system 904.5 
kilograms of tomatoes i.e., one aeroponics growing system production per year is considered as shown 
in (Table 5). Table 6 represents the comparison of water consumption and global warming potential of 
geoponics and aeroponics for 904.5 kg. In the aeroponics section, N2O emission and fertilizers are not 
used in the process, so the values are neglected.  

In an aeroponics growing system, 3.402 kg of PVC and 1 kg of T6-6061 aluminium materials are used 
to build one system. If the materials are dumped in the landfill, the global warming potential (GWP) of 
PVC and aluminium is 2.11 kg and 6.71 kg of CO2-eq per kg. So, for one aeroponics growing system, 
the material global warming potential will be 13.88 kg of CO2-eq.  

For transport, a 28-tonne European truck container is considered. The global warming potential (GWP) 
of the truck is 0.030 kg CO2-eq per m3.km. The project is estimated to be within a 1.5-kilometer radius, 
and for 904.5 kg of tomatoes, the global warming potential from the truck will be 40.68 kg of CO2-eq.  
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Geoponics:    

Water usage 31 liters 
GWP farm 0.320 kg 
GWP farm + transport 0.650 kg  

Table 4. Water consumption and global warming potential of geoponics to produce one kg of tomato 

Aeroponics: 

Water usage 1465 
GWP farm 14 kg 
GWP farm + transport 55 kg  

Table 5. Water consumption and global warming potential of one aeroponics system per year 

 Geoponics vs Aeroponics: 

Table 6. Comparison of water consumption and global warming potential of geoponics and aeroponics for 904.5 
kg 

5. Discussion:  
This thesis was focused on three research questions. The first two research questions were to investigate 
the possibility and feasibility of ZFarming: How many household rooftops can be helpful to perform 
ZFarming? And how many modular aeroponics systems needed to achieve the tomato demand of 
Stockholm? The third question was to explore aeroponics' sustainability by comparing it with 
geoponics: How can ZFarming be a sustainable alternative for geoponics? 

5.1 will discuss the result of the GIS study and aeroponics growing system 5.2 will discuss the result of 
geoponics vs. aeroponics and conclude which is the sustainable growing method. 5.3 will be the 
limitation of the research.      

5.1. Potential ZFarming and tomato production in 
Stockholm rooftops: 

ZFarming (rooftop gardens/farms or sedum roofs) provides urban ecosystem services, job opportunities 
in a green environment, improved temperature regulation, and reduced urban heat-island effects 
(Oberndorfer et al., 2007). In other words, it can enhance the sustainability of the city; the three pillars 
of sustainability: social, economic, and environment. According to Sen (2018), to implement ZFarming, 
the important step is to find the potential rooftops in Stockholm. Sen (2018), method of obtaining the 
result was different to this thesis. This thesis was based on promoting community business model and 
on reducing the long supply chain between the farms and ICA supermarkets as a result the research was 
focused on medium sized household rooftops in densely populated regions. Meanwhile Sen (2018), 
study was focused on large commercial business model as a result the research was focused on industrial 
areas and large buildings.  

 Geoponics  Aeroponics 

Water usage (in litres) 28,040 1465 
GWP (in kg CO2-eq); farm 
(heating excluded) (Material 
included) 

290 14 

GWP (in kg CO2-eq); farm 
(heating excluded) (Materials 
and transport included) 

588 55 
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The potential problem to achieve the Zfarming in the urban areas is availability of water and electricity. 
Water availability can potentially be increased by promoting rainwater harvesting in the community, 
and that water can be used for the irrigation purposes. But achieving sufficient electricity for the 
greenhouses will be complicated due to lack of space and resource in the urban region. Most 
greenhouses around the world have individual power station to produce their own energy and convert 
it to electricity, but in this case, it is not possible. To achieve the electricity demand, government can 
help to set-up renewable energy stations (Bio-gas plants, solar power, and wind power) in rural areas 
and transmit the energy to the greenhouses. In addition to that, another major setback to the 
implementation of Zfarming will be solar panels. Nowadays, people are conscious about the 
environment and energy, as a result the concept of installation of solar panels in rooftops have increased 
in developed countries. Therefore, government can promote Zfarming business model same as solar 
panels to the people and allow companies to use the rooftops. Urban farming companies and property 
owner can make an agreement and share the profit or procure the rooftop for lease. In this case, it 
benefits both the parties and make a positive impact to the society.      

In conclusion, this thesis reports that the sectors of Stockholm contain many large buildings 
approximately 75 % had an area between 500 and 1500 m2 and remaining 25% of the buildings had an 
area ranging from 1500 to 9000 m2. This means that the city of Stockholm has the potential for both 
larger and smaller operations.  

The thesis is also focused on the design of the aeroponics growing system, to reduce water consumption 
and global warming potential. As previously mentioned, the system is designed to hold bush beefsteak 
tomato, one of the complicated vegetables to grow in aeroponics system. Most companies related to 
urban farming grow vine tomato because vine plants are easier to maintain and gives a larger yield, but 
it consumes bigger space. The aeroponics growing system results depicts that the system is less weight 
and efficient in a smaller area and have the high capability to achieve the Stockholm tomato demand.        
Therefore, the design of the system can be implemented to other kinds of plants and green leaves that 
can be grown in aeroponics system.  

As the aeroponics growing system is expensive and requires high initial investment, ZFarming 
community-based business model cane be achieved by private entities supported by government 
policies. Urban farming companies like Swegreen and Grönska based on Stockholm, can conduct pilot 
ZFarming project in their own office or their customer rooftops to study the feasibility and market value 
of the product and government can subsidy the companies to support the initiative.  

The results reveal an opportunity to improve Sweden's resilience and food security with the ZFarming 
and aeroponics growing system since they import about 50-55% of their food items, including tomatoes, 
potatoes, and other fruits (Flanders Investment & Trade, 2018). Zfarming can reduce long-distance 
transportation and their effects on climate change (Mbow et al., 2019). In addition to that, the shortening 
of the supply chain will reduce the storage and transportation wastages to a greater extent (Dahlberg 
and Lindén, 2019), as food loss and waste account for 25–30% of total food production (Mbow et al., 
2019). Particularly in Sweden, approximately 1210000 T of food is wasted in a year i.e., 127 kg/person 
respective to the Swedish population. In that amount, nearly 17%, 70000 T of food is wasted in the 
supply chain (Swedish Environmental Protection Agency, 2012).  

5.2. Geoponics vs. Aeroponics: 
In Sweden, from 2001 to 2019, 25.01kha of forest are deforested and shifted into agriculture (The 
Sustainability Consortium, 2020). In 2012, Sweden emitted 15000 tonnes of Nitrous oxide from the 
agriculture process (Hellsten et al., 2017). The globe tomatoes imported from the Canary Islands are 
transported for 4765 km, in that 3200 km is through sea transport. According to the third IMO GHG 
study (2014), shipping emitted about 1000 Mt CO2 per year, which is approx. 3.1% of global CO2 

emissions. In 2050, the emissions can increase by up to 120% and represent nearly 10% of global GHG 
emissions. Sea transport is accountable for releasing wastewater, solid waste, oil spills, and sound 
pollution to water animals. These problems are caused by geoponics and can be controlled through the 
sustainable aeroponics growing system.  
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The aeroponics growing system's materials and transportation carbon footprint are calculated and 
compared with geoponics farms in the Canary Islands to understand which is sustainable for the 
community. With the implementation of the aeroponics growing system, the water consumption and 
global warming potential involved in the process are reduced by 95% and 90%.  In the aeroponics global 
warming potential, electricity is not considered, as the source of electricity is unknown. In few 
buildings, the source of electricity might be renewable and, in another case from non-renewable. For 
this reason, the electricity is neglected. The sustainability of the aeroponics growing system can be 
improved by using green energy to heat the greenhouse and usage of electric vehicles instead of fossil 
fuel truck. In this study the materials carbon footprint values are (2.11 kg and 6.71 kg of CO2-eq per 
kg) i.e., dumped in landfill values, if the materials will be recycled the carbon footprint of the materials 
will be minimum. 

5.3. Limitations of the research:  
It is essential to notify that this thesis does not represent the actual value of ZFarming implementation 
on the rooftops in Stockholm but provides a hypothetical potential of ZFarming and an estimated 
number of systems required to achieve the tomato demand. As mentioned earlier, this study does not 
consider many factors like the rooftop weight or property owners’ acceptance. Other limitations were 
about the successive farming of aeroponics growing system to harvest crops year-round and the cost of 
the components used in the systems. The aeroponics' estimated results and the geoponics were based 
on data obtained from other studies performed a few years ago in a different climate region. The 
replication of those data is not feasible due to a lack of resource and time constraints. The result and the 
sustainability of the aeroponics growing system can change when it is implemented on the rooftops. 
Therefore, it would not be easy to generalize the findings based on few factors on a specific building to 
all the buildings in Stockholm.      

6. Conclusion: 
Urban farming will be a sustainable solution to achieve the growing demand for global food production 
and reduce the environmental degradation caused by geoponics. Lack of space and sunlight can be a 
drawback for urban farming practices. Using existing buildings empty rooftops to set up the aeroponics 
growing system and produce crops can be a sustainable solution to those challenges. Even though there 
are extreme winter conditions in Sweden, year-round harvest of crops is possible using greenhouses, 
thus strengthening food security, and developing a resilient food system.  

As a result, only a fraction of rooftops is required for the aeroponics growing system to achieve 
Stockholm tomato consumption. The results obtained for estimated tomato production on the potential 
household rooftops in Stockholm suggest that ZFarming can reduce the dependency on imported 
tomatoes from the Canary Islands and the Netherlands during the winter season.  

The South sector will be the right choice for the first phase of implementing the ZFarming in Stockholm 
to find the effectiveness of the technique and system. According to the result, the reason for this 
conclusion was that the South sector has a large area of rooftops and more population than other sectors. 
Furthermore, the south sectors are away from the heritage part of Stockholm and known for industrial 
sites with wider roads maybe or better suited for trucks and containers. The central sector was the least 
suited for implementing ZFarming considering the old and historical values community and narrower 
roads. If planning large-scale ZFarming in the Central sector a community-supported farming business 
model will be a better option for a profitable operation. 

The aeroponics growing system result shows that the Stockholm tomato demand can be achieve by 
7345 systems in 12,780 m2. The weightless system is an advantage as an additional investment is not 
needed to change the rooftops. The thesis also compared and analysed water consumption and global 
warming potential of geoponics and aeroponics growing systems. The result shows that aeroponics is a 
sustainable alternative for geoponics as it uses less water, nutrients, and materials and has less impact 
on the environment.          
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6.1. Further research:  
This thesis provides a research basis for the potential future operation of ZFarming and how it can be 
operated with an aeroponics growing system. The implementation of the concept is of interest and 
entirely dependent on the municipality of Stockholm, private entities like Swegreen and Grönska, and 
policymakers. The design of the aeroponics growing system presented in this study can be operated 
only in the flat rooftops of Stockholm, but the GIS result consists of both flat and slant roofs. The 
suggestion would be to differentiate the flat and slant roofs or design an aeroponics growing system to 
fit on a slant roof to get a more profound knowledge of the implementation of ZFarming on the rooftops. 
Another suggestion would be to consider a single building rooftop to analyze the building constraints 
and find possibilities to build a greenhouse and implement the aeroponics growing system. 

The thesis provides the skeleton design of aeroponics growing system but did not consider water 
circulation (Computational fluid dynamics) or successive farming to achieve year-round harvest. In-
depth investigation on these topics can lead to a pilot green project and be an initiative to perform 
ZFarming on rooftops of Stockholm. The thesis also dealt with the global warming potential of 
geoponics and aeroponics. Since this part of the study is entirely based on previous studies, this part of 
the investigation can be improved by involving SimaPro software to investigate global warming 
potential and their impact on climate change. 
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Appendix 1 – Properties of aeroponics growing system 
 

 
Aluminium Frame – SolidWorks 

 
Growth chamber – SolidWorks 
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Total system – SolidWorks 
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Appendix 2 - Solar Map 
 

 
CC By Source: Energi & Klimatrådgivningen (2017) - ‘Solkarta för Stockholmsregionen 
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Appendix 3 – Sensors and Actuators 
 

 
Source: Lakhiar et al. 2018 
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Appendix 4 – Planetary Boundary 
 

 
Source: Raworth (2012) 
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Appendix 5 – Deforestation in Stockholm 
 

 
Source: The Sustainability Consortium  
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Appendix 6 – Further Research 
 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


