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A case study in Stockholm. Master thesis in Sustainable Development at Uppsala University, No. 2021/28, 47 pp, 30 
ECTS/hp   

Abstract:  

Food system is complex and encompasses stakeholders from local, regional, and global level. The activities and 
outcomes of the food system are associated with environmental, economic, and social impacts. Due to the 
growing population, and urbanization, along with the fact that global food system contributes up to 30% of 
anthropogenic GHG emission, one of the main contributors to climate change, a sustainable food system that 
could meet the food demand in the urban areas is in need. Therefore, high-tech urban agriculture (HTUA) that 
uses advanced technologies and enables food production in a controlled environment is seen as a promising 
solution, which remains niche in Sweden. This study adopted the sustainable food system approach and used 
the theory of multi-level perspective (MLP) on sustainability transitions to explore this technology-driven 
transition and identify the challenges and opportunities in developing HTUA in Sweden. Through the analysis 
of five Swedish policy documents and interviews with four HTUA initiatives in Stockholm, three main aspects 
are identified: 1) external context; 2) policy environment; and 3) communication and influence, which are 
independent but also interconnected. According to the findings, the global environment and Swedish context, 
such as climatic condition and Swedish consumption, provide HTUA an opportunity to develop. The findings 
also suggest that though the characteristics of HTUA initiatives and the priorities within the Swedish policy 
environment have overlapping traits, the policies are not effectively translated into practice and thus making it 
challengeable to develop HTUA in the long run. Implementing more strict restrictions and regulations on the 
external price, providing an easier access to urban space, simplifying the procedure for the financial support, 
raising public awareness towards HTUA, and bridging the knowledge gap among all stakeholders through 
collaborations and partnerships are suggested to reduce the risk of initiating HTUA. However, further research 
is still required to understand the potential of HTUA in the transformation towards a sustainable food system. 

Keywords: Sustainable Development, Sustainable Food System, High-tech Urban Agriculture, Local Food System, 
Multi-level Perspective theory, Swedish Food System, Sustainable Agriculture 
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Summary:  
 
Global food system contributes up to 30% of anthropogenic GHG emission which mainly derives from primary 
production. Along with the global trends, such as growing population and urbanization, there is a need to find 
a solution to meet the growing urban food demand in a sustainable manner. The emergence of high-tech urban 
agriculture (HTUA) brings the possibility to tackle these challenges with the advanced technologies. HTUA 
realizes the food production in a controlled environment with no pesticide use and efficient use of materials and 
makes it possible to have crops all year around. Since Sweden imports 70% of fruits and vegetables due to the 
climatic condition and decreasing farmland, HTUA has potential to improve the sustainability of Swedish food 
system. However, HTUA still remains niche in Sweden. Four HTUA initiatives in Stockholm is interviewed 
and five Swedish policy documents are studied to identify the challenges and opportunities for developing 
HTUA in Stockholm. The challenges and opportunities are found to be in relation to external context, policy 
environment, and communication and influence. The findings suggest that the global environment and Swedish 
context in terms of the climatic condition and changes in food consumption indicate a positive environment for 
novel alternatives like HTUA. Nevertheless, according to the findings, though Swedish policy environment is 
not actively hindering the development of HTUA and has overlapping traits with the characteristics of HTUA, 
the policies are not translated into practice effectively and leave HTUA in the grey area. Hence, changes have 
to be made in policy environment to reduce the risk for initiating the HTUA in Stockholm so that they can 
develop and thrive in the mainstream market. For example, implementing more strict restrictions and regulations 
on the external price, providing an easier access to urban space, simplifying the procedure for the financial 
support, raising public awareness towards HTUA, and bridging the knowledge gap among all stakeholders 
through collaborations and partnerships are suggested. However, this study is limited to producers’ perspective 
and further research is still required to understand the potential of HTUA in the transformation towards a 
sustainable food system. 

Keywords: Sustainable Development, Sustainable Food System, High-tech Urban Agriculture, Local Food System, 
Multi-level Perspective theory, Swedish Food System, Sustainable Agriculture 
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1 Introduction 

1.1 Background of the problem  

Food is indispensable to human life in different dimensions. Fundamentally, it nurtures human with 
essential nutrients and provides them with energy daily. However, to achieve this, the food system 
and the interplay between various stakeholders play a crucial role, which encompass environmental, 
political, social, economic, cultural, and ethic aspects. The importance of food system lies not only 
in fulfilling human needs but also in maintaining a harmonious relationship with the environment, 
which has been gradually regarded as a wicked problem to tackle due to several present global trends, 
such as climate change, growing population, and urbanization (Garnett et al., 2016). 

According to the United Nation (UN) (2019), the global population is estimated to grow from 7.7 
billion in 2019 to reach 8.5 billion in 2030, and 9.7 billion in 2050. With this rapid growth, increasing 
demand for food has become a global hotspot. To meet this need, high productivity has often been 
seen as an effective solution. However, a food system that primarily focuses on high productivity 
often leads to several sustainability challenges. In terms of environmental aspect, the activities 
involved in the global food system contribute to up to 30% of all human-caused greenhouse gas 
(GHG) emissions and most of which occur at the primary production stage due to the excessive use 
of chemical inputs, heavy mechanization, and deforestation (Garnett et al., 2016). What’s more, they 
are also responsible for land degradation, soil erosion, and biodiversity loss, which would, in turn, 
accelerate climate change and cause a negative impact on the food system, thus creating a vicious 
feedback loop. Regarding the economic and social aspects, issues related to food security, human 
health, immigration, and work opportunities would be further engendered as well (Myers et al., 
2017). Those potential undesired consequences are not aligned with the Sustainable Development 
Goals (SDGs) established by the UN which aims to create a sustainable future for the present and 
future generation in environmental, social, and economic dimensions. Therefore, how to develop a 
food system that could increase food production while not crossing the planetary boundaries and 
achieving SDGs has become a global challenge. 

Though sustainable intensification, organic farming, regenerative farming, agroforestry, 
permaculture, and other ecological farming strategies are proposed as potential solutions, the 
tendency towards urbanization, along with the demographic change in rural and urban societies, 
imposes even more pressure on the urban food system and rural agriculture (Angotti, 2015). By 2050, 
it is estimated that up to 70% of the world population will live in the city (United Nation, 2019). Due 
to the change in agricultural land as well as our relationship with food, such as consumers’ behavior 
and the ideas about good food security, urbanization affects the food system from both demand and 
consumption sides. Other than decreased agricultural land use for urban expansion, longer supply 
chain and the food loss caused by which also contribute to the transformation in the food system 
(Seto & Ramankutty, 2016). As a result, alternative food networks (AFNs) that represent new 
networks of producer, consumer, and other actors, are gradually brought to public attention (Murdoch 
et al, 2000). Though the definition of the AFNs is still ambiguous, there is a consensus that it should 
connect producers and consumers in a direct or semi-direct way to achieve a short supply chain 
(Renting et al., 2012). Therefore, local food systems are emphasized and among which, urban 
agriculture is on the rise, such as Community Supported Agriculture (CSA) with associated urban 
farms (La Rosa et al., 2014), urban gardens, rooftop greenhouses and high-tech urban agriculture 
(HTUA) which includes vertical farming, hydroponic, aeroponic, and aquaponic (Specht et al., 
2019).  

Due to the limited space in the urban area, as one type of building-integration agriculture approach, 
HTUA brings the opportunities for supplying the growing urban population with greater productivity, 
comparing to conventional urban farming (Farhangi et al., 2020). With the aid of advanced 
technologies and innovative methods, a controlled environment system makes it possible for HTUA 
to generate fresh and safe produce throughout the year with higher efficiency (Vlasakker et al., 2020). 
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The use of existed space, the shorter food supply chain, the removal of pesticides, and the efficient 
use of resources and nutrients could contribute to the improvement of environmental sustainability. 
Other than that, social sustainability could also be enhanced with improved food safety and food 
security and the raised public awareness towards them (Farhangi et al., 2020). Though the high 
energy consumption in HTUA is facing a great number of critics (Kalantari et al., 2018), some believe 
the future technological advancement would lead to the reduction (Bayley et al., 2011).  

However, even though such agri-tech innovations have the potential to tackle some of the global 
challenges, they still need to be implemented with caution and the potential of developing them 
remains a question, which to a great extent depends on the social settings in different contexts. This 
study adopted the sustainable food system approach and used the theory of multi-level perspective 
(MLP) on sustainability transitions to explore this technology-driven transition and identify the 
challenges and opportunities in developing HTUA. Similar studies have been done in Shanghai and 
Amsterdam with the focus on the interaction among the actors within high-tech urban agriculture. 
This study focused on the aspects of policy and the market in the Stockholm City of Sweden.  

In Europe, the agriculture sector is the third largest GHG emitter, accounting for 10% of the total 
GHG emission (European Environment Agency, 2019). The corresponding number in Sweden is 13% 
(Statistiska Centralbyrån, 2019c). Furthermore, most environmental consequences of Swedish food 
consumption derive from food import (Martin & Brandão, 2017) with a large share of fruits and 
vegetables (Statistiska Centralbyrån, 2019b). According to A National Food Strategy for Sweden 
(2016), the Swedish government aims to create a globally competitive, innovative, sustainable, and 
attractive Swedish food chain by 2030 to achieve environmental objectives, which highlights the role 
of innovation. Consequently, HTUA, as an alternative food production approach that is resource-
efficient and promotes local food system, are emerging in Stockholm to reduce negative impact in 
recent years. Given the early-stage development of such projects in Stockholm, it is of interest to 
explore their development potential. 

1.2 Aim and research question  

Regarding the global challenges that current food system is facing with, such as growing population, 
urbanization, unsustainable farming practices, and climate change, high-tech urban agriculture has 
been gradually brought into attention. As an alternative food production strategy, high-tech urban 
agriculture is expected to improve the sustainability of urban food system in environmental, social, 
and economic dimensions. Stockholm, as an innovation hub in Sweden, has witnessed the emergence 
of few high-tech urban agriculture initiatives. Therefore, the aim is to identify the enabling factors 
for developing high-tech urban agriculture in Stockholm and further identify the challenges and 
potential opportunities that they are facing.  

This study is guided by one main research question and two sub-questions: 

What are the main challenges and opportunities for developing high-tech urban agriculture in 
Stockholm? 

- What are the main factors that enable and influence high-tech urban agriculture 
development in Stockholm? 

- How do the producers envisage a food system with high-tech urban agriculture? 
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2 Theoretical framework 

This chapter provides the key concepts and theory used in the study, namely sustainable food system, 
local food system, food system approach, and multi-level perspective theory. 

2.1 Sustainable food system 

From various perspectives and world views, the concept of food system can be interpreted in different 
ways (Sobal et al., 1998). Food system is dynamic due to the changes in environment from multi-
level, namely global, regional, and local, in ecological, social, and economic dimensions. As noted, 
trends such as urbanization, population growth, climate change, policy change and so on can 
contribute to this dynamic process (FAO, 2018). The most common definition of the food system 
refers to a system that encompasses the activities that include production, processing, distribution, 
and consumption of food (Ericksen, 2008). According to Food and Agriculture Organization of the 
United Nations (FAO) (2018), the waste management of food is embedded into the system as the 
endpoint as well. The food system can interact with the environment, human, and society in multiple 
ways and these interactions are often two-way (Garnett et al., 2016). On one hand, environmental 
and socio-economic drivers are in need for the operation of the food system. Environmental drivers 
mainly consist of the availability of natural resources, such as land, water, energy, minerals, and 
biodiversity which provides ecosystem service that are vital to the food system. Socio-economic 
drives cover the aspects of markets, policy, power relations. social organizations, individual factors 
such as cultural, social, and ethical concerns, and innovation in food sector (Siemen et al., 2018). On 
the other hand, the outcome of the activities would in turn influence these drivers and further affect 
the food system. Taken food production as example, land degradation, soil erosion, deforestation, air 
and water pollution, and biodiversity loss can be caused by certain farming practices, which would 
interfere the food system in the long run. The further potential implications would be higher GHG 
emission, reduced food quality, and health concerns (Garnett et al., 2016). 

Therefore, a sustainable food system that could contribute to the mitigation of such complex 
implications is proposed. Same as food system, out of different interests, the conceptualization of 
sustainable food system varies from context to context and individual to individual (UN, 2015c). 
Therefore, the solutions to improving the sustainability within food system may focus on different 
stages along the food chain to a different extent (Siemen et al., 2018). For instance, HLPE (2014) 
and Global Panel (2016) highlight the role of the consumers in food system and stress the importance 
of reducing food loss and waste while UNEP (2016) places more emphasis on natural resources and 
environment. However, according to FAO (2018): 

“a sustainable food system is a food system that delivers food security and nutrition for all in such 
a way that the economic, social and environmental bases to generate food security and nutrition for 

future generations are not compromised.” 

Figure 1 indicates that to realize a sustainable food system, there is no one single solution but a 
holistic perspective is needed to promote economic, social, and environmental sustainability 
simultaneously. With respect to economic, sustainability lies in the fiscal feasibility which suggests 
that the activities along the food system should not only provide consumers with food supplies but 
also generate economic benefits for workers, governments, and enterprises, such as wages, taxes, and 
profits respectively. In terms of the social sustainability, a sustainable food system is expected to 
improve food security and enhance the resilience of the society by achieving equity in the distribution 
of food supply and the related economic benefits. It also refers to other social outcomes, such as 
nutrition and health, work opportunities, and labor conditions. Regarding the environmental 
dimension, the environmental impacts from the activities are the key to the assessment of its 
sustainability. Within a sustainable food system, the environmental impact should be either neutral 
or positive and avoid undesired consequences, such as land degradation, biodiversity loss, water and 
air pollution, the GHG emission and so on (FAO, 2018). 
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Figure 1. Sustainability in food systems consists of economic, social, and environmental 
dimensions (FAO, 2014) 

As described, though the structure of a sustainable food system can be unclear and complex (Garnett 
et al., 2016), a transformation towards a sustainable food system mainly focuses on a healthy dietary 
shift, improved production practice through innovation and better management, and reduced food 
loss and waste from both production and consumption side, requires collective action from global, 
regional, and local level (Lindgren et al., 2018; Willer et al., 2019). 

This study will focus on the local food system and the environment for food system in the Stockholm 
City of Sweden, especially the production stage and the related socio-economic drivers and outcomes, 
however, it is also acknowledged that this can interact with the global system.  

2.2 Local food system 

Local food systems present a new way that enables a reorganization within the food supply chain to 
promote sustainability (Lutz et al., 2019). However, the definition of local food systems and what it 
means by localization of food system are still unclear (Baldy, 2019). In general, local food systems 
indicate that the food supply chain occurs at the local level and with local actors involved to provide 
healthy, environmental-friendly, and affordable food (Baldy, 2019; Lutz et al., 2019). Selfa et al. 
(2005) argues that the definitions are shaped by history, geography, environmental contexts, 
perceptions from producers and consumers to a great extent. Therefore, they might hold different 
meanings for different people, for example, the meaning can be in relation to environmental 
sustainability, availability of food, or working condition. Furthermore, they can be defined by social 
relationships or geographically boundary like a country or a region (Selfa et al., 2005). 

In this study, local food system refers to the food system with shorter supply chain, and 
correspondingly reduced transportation and GHG emissions. Moreover, it should contribute to a 
closer relationship between producers and consumers so that an environment for knowledge sharing 
can be facilitated (Baldy, 2019). Nevertheless, it is important to note that by mentioning local food 
system in this study, it does not imply it is inherently good. The reason to this is that there might 
exists bias regarding the interrelation between localization and sustainability which needs careful 
consideration (Morgan et al., 2010).  

2.3 Food system approach 

Food system thinking first caught attention when the prices of agricultural and other commodities 
experienced a rise in 2008, which caused political concerns for food security. It considers that the 
behavior of the food system is not solely based on the cause-effect relationships of one single system 
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but the interplay of different subsystems and the feedback that they give to another. Along with the 
concerns for climate change, the food systems approach is suggested as a framework to understand 
the root causes for the changes and contribute to the design of policy framework to tackle the 
challenges effectively (Berkum et al., 2018).  

As mentioned before, the nature of food system is complex and dynamic (Zurek et al., 2018). It not 
only consists of many different sub-systems (production, processing, distribution, consumption, and 
waste management) with different activities and actors, which have their own driving forces and 
objectives, but also interacts with other systems, such as energy system, health system, etc. (FAO, 
2018; Zurek et al., 2018). Those activities and their interactions can lead to multi-dimensional 
outcomes, including environmental, social, and economic problems (Berkum et al., 2018). 
Furthermore, the food system should be considered in the global context since it can be affected by 
global trends as well (FAO, 2018). 

Food systems approach enables a holistic way to perceive and understand the food system (FAO, 
2018). With the food systems approach, different elements within the food system and their 
relationship can be identified. Not only are activities taken into consideration but also the outcomes 
of these activities regarding the socio-economic, environmental, and food security aspects. As a 
result, the food systems approach can avoid the single focus on one system, for example, production 
system often gains the most attention, which can create the vulnerability in the food system. Though 
the impact of the traditional approaches to improve production system are also being assessed 
regarding market price, the GHG emission, and the depletion of natural resources, the assessments 
tend to neglect the feedback from social-economic and socio-ecological systems, other limiting 
factors and impact categories within the whole chain. Furthermore, the food systems approach can 
also provide a helpful perspective on the development of a resilient food system with a good 
adaptability and transformability that enhance its capacity to absorb external and internal shocks 
(Berkum et al., 2018). 

UNEP (2016) highlights that the food systems approach can help to develop strategies for efficient 
use of natural resources, identify the impact of the food system activities on the health and 
malnutrition, recognize the trade-offs between different strategies and indirect feedback in the 
system. It also underlines the importance of understanding the socio-economic context that the food 
system operates within. Changes in both socio-economic and biophysical context can influence the 
behavior of the actors involved in the system (Berkum et al., 2018). The Global Panel (2016) suggests 
that the governments should collaborate with private sector and civil society to promote sustainable 
consumption through incentives, taxes, labelling, information exchange, dietary guidelines, etc. and 
then further stimulate sustainable production (Berkum et al., 2018; FAO, 2018). Therefore, the food 
systems approach can be used to explore the underlying interaction among the production systems, 
consumer behavior, food security, climate change, biophysical condition, and socio-economic trends 
by providing a checklist for related topics and further identifying the vulnerabilities and opportunities 
through mapping the activities and outcomes (Berkum et al., 2018).  

According to FAO (2018), the food systems approach calls for integrated actions from all 
stakeholders at local, national, regional, and global level, and across multiple aspects, including 
agriculture, trade, policy, law, regulation, health, environment, climate, ecosystem and so on. It is 
also worth of noting that the food systems approach is not only a means to analyze the potential 
possibilities of different interventions but also a framework to help policy makers assess the synergies 
and trade-offs between different objectives. Last but not least, the food systems approach should also 
take the location into consideration since the root causes are also often location-based, which can be 
beneficial for efficient governance that will contribute to a sustainable food system in the long term 
(Berkum et al., 2018). 
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2.4 Multi-level perspective theory 

According to Köhler et al. (2019), sustainability transitions have seven characteristics that make them a 
challenging matter in sustainability discourses, namely multi-dimensionality and co-evolution, multi-actor 
process, stability and change, long-term process, open-endedness and uncertainty, values, contestation, and 
disagreement, and normative directionality. As a result, these characteristics indicate that the research on 
transitions towards sustainability has to recognize its transdisciplinary nature and requires corresponding 
approach.  

To understand the sustainability transitions, one of the prominent approaches is the Multi-Level Perspective 
(MLP) (Markard, Raven, & Truffer, 2012), which is first developed by Kemp and Rip (1998) and then 
further elaborated by other researchers. The MLP is a framework that provides an analytical tool to 
understand the changes in socio-technical systems from multiple dimensions (Whitmarsh, 2012). Changes 
in socio-technical systems are not only associated with new technology, but also policy, markets, culture, 
and other social aspects (Geels, 2004). As indicated by Unruh (2000), social-technical transitions to 
sustainability are challenging since existing systems, such as energy, transport, and agri-food, are operated 
under lock-in mechanisms. Therefore, the MLP that identifies a nested hierarchy with three levels in socio-
technical system can provide new perspectives and approaches to create cracks in such mechanisms and 
make space for the potential changes to current systems (Geels & Schot, 2007; Köhler et al., 2019). These 
three analytical levels are socio-technical niches, socio-technical regimes, and socio-technical landscape 
(Geels, 2002).  

Socio-technical niches refers to protected spaces for radical innovations which are often developed by new 
and small network of actors or outsiders who are willing to dedicate their time and capitals to the 
development of novel alternatives (Kemp & Rip, 1998; Geels & Schot, 2007; Köhler et al., 2019). The 
protected spaces allow them to put their visions into practice and proceed the learning process for developing 
new practices, which can be generated through subsidies for pilot project demonstration, changes in lead 
markets, and supportive social networks for early adoption and experimentation (Kemp & Rip, 1998; Geels, 
2002; Smith et al., 2010). However, revolutionary innovations often involve different approaches that do 
not align with the incumbent regime, which makes it a challenge to be included in mainstream market 
selection and unstable (Kemp & Rip, 1998; Morrissey et al., 2014), thus hindering its development in the 
long term. Hence, the quality of the protected area is especially important for those innovation since it often 
takes long-term process for them to be stabilized (Köhler et al., 2019). Niches are identified as the breeding 
bed for new breakthroughs and the innovations are considered as the seeds for systemic regime shift (Kemp 
& Rip, 1998; Geels, 2011). 

Socio-technical regimes represent the mainstream institutions, beliefs, methods, behaviors, technologies, 
practices, rules and regulations used to realize essential societal and economic functions (Kemp & Rip, 1998; 
Smith et al., 2005; Smith et al., 2010). The main groups of actors within the socio-technical regimes are 
authorities, municipalities, interested groups, universities, banks, and companies (Ljungberg, 2020). 
Regimes are often regarded as lock-in and path dependence, which lead to incremental innovation that is 
shaped by existing regimes and tends to follow the previous trajectories of the development path (Geels, 
2010). The actors are not willing to try new alternatives that are out of their focus (Nelson & Winter, 1982). 
As a result, socio-technical regimes are highly institutionalized and stable (Smith et al., 2010). The stability 
also derives from sunk investments, vested interests, bureaucracy, and other factors (Whitmarsh, 2012). The 
understanding of regime shifts is the key to learn the dynamics of social transition (Jørgensen, 2012). 
Though actors involved in regimes have capacity to respond to landscape pressure, the capacity is still 
limited (Whitmarsh, 2012). Due to the obduracy of the regime, it is also difficult for niches to destabilize 
the structure and thrive (Smith et al., 2010). Therefore, adaptive capacity of regimes is closely linked to 
their ability to respond to the pressure from niches and landscapes (Smith et al., 2005).  

Socio-technical landscape provides a broader external structural context for actors in both regimes and 
niches to interact, including social and physical factors, such as climate change, economic development, 
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demographic change, political paradigm shift, cultural and value change, and new social movements (Geels, 
2002; Smith et al., 2010). The landscape is often considered as the most stable level and hardly can be 
affected by niches and regimes, at least not in a short term. Though the landscape itself can change over 
time, but the process takes much longer than the other two levels (Geels & Schot, 2007; Geels 2011). 

According to MLP (as shown in Figure 2), changes derive from the interaction among niches, regimes, and 
landscapes which decides the direction and the quality of the transition (Geels & Schot, 2007).  

 

Figure 2. Multiple levels as a nested hierarchy, including niches, regimes, and landscape. This figure also 
demonstrates that how these levels interact with each other. (Geels, 2001) 

Furthermore, the transitions are also defined as regime shifts (Geels, 2010). The initial changes towards to 
transitions often come from the development at niche or landscape level (Jørgensen, 2012). However, it is 
recognized that the dynamics between the interactions of regime and niche levels are the main motives of 
the transition (Whitmarsh, 2012; Jørgensen, 2012). The regime that represents lock-in existing systems can 
be destabilized by novel alternatives at niche level and thus a new regime can be formed. The fact that how 
changes occur, how the incumbent regime can be destabilized, how innovations can be stabilized and shape 
new regime, and what actors are involved are of MLP researchers’ great interests. At niche level, radical 
innovations can engender changes through learning process, performance improvement, and support from 
influential group (Geels & Schot, 2007). The development of niche innovation can then impose pressure on 
regimes; however, it is not easy for innovations to break out of the niche level due to the characteristics of 
existing regimes, namely institutionalized, lock-in, stable, and involved vested interests. The pressure for 
change on the regime level can come from landscape alteration as well. The landscape changes can stimulate 
the actors within the regime to respond to the dynamics, which sometimes can reinforce incumbent regimes, 
but other times can stress them to consider the niche innovations (Smith et al., 2010). The pressure from 
both niche and landscape level contribute to the destabilization of the current regime and create windows of 
opportunities for niche development (Geels & Schot, 2007). Nevertheless, Stegimaier et al. (2014) also 
points out that the existing regimes may also intentionally to make internal changes and make space for the 
growth of niche innovations. To stabilize the niche developments, in other words, to shape a new regime, 
Geels and Schot (2007) finds that the key is not only about replacement or transformation of the current 
regime but also to identify the ways to combine the elements at niche and regime level to arouse regime 
actor interests to be willing to make changes. Transitions occurs along with the conflicts regarding visions, 
aims, and interests among different actors from multiple levels. It is pointed out that rather than pushing 
changes based on identical visions of the futures or the ideas, it is more crucial and effective to recognize 
the shared value from these levels and use it as an entry point to achieve breakthroughs (Jørgensen, 2012). 
However, it is important to note that the transition pathways are not fixed but a fluid process. There are a 
few different typologies in terms of MLP are studied (Geels & Schot, 2007). Therefore, the dynamic of the 
changes in transitions may vary from one to another and in different industries as well. 
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In this study, the MLP is used to identify the challenges and opportunities for developing HTUA through 
examining the interactions among niche, regime, and landscape level. HTUA is seen as niche initiatives that 
generate new actors, rules, and practices in food system to promote sustainable development, thus creating 
new alternatives in food industry. According to Geels (2019), three obstacles of green niche innovations 
development are identified: 1) they cost more than existing technologies and takes long time to develop and 
scale up; 2) the market is relatively small and immature which causes uncertainties that engender hesitation 
in the need to be supportive; 3) the new innovations can be unreliable at the initial stage, which reduces 
their capacity to gain support from authorities and hinder the way to be more socially acceptable. This study 
focuses on the niche development, how the niche and regime can influence each other, and how they 
contribute to the development of HTUA.  

The application of MLP to this study follows the definition of the three levels presented below: 

Socio-technical niche represents high-tech urban agricultural companies and projects and related actors, 
such as growers and interest groups that are dedicated to developing novel alternatives. 

Socio-technical regime refers to existing mainstream food production, the market, and the policies. The 
involved actors are national and local government, universities, and interest groups. 

Socio-technical landscape refers to the external context, such as climate change, globalization, urbanization, 
and demographic change. 

2.5 Conceptual framework  

Given the theory presented in this chapter, the conceptual framework of this study is constructed. 
The conceptual framework serves as a tool to guide the collection, selection, and analysis of data. 
The food system approach is first used to identify the actors involved in the HTUA, the related 
activities and outcomes from a holistic view. Then, the multi-level perspective is used as an analytical 
tool to evaluate the environment for sustainable food system transition and further identify the 
opportunities and challenges for developing HTUA in Stockholm through the interaction among the 
niche, regime, and landscape levels. The conceptual framework is also used to design the interview 
questions and to connect the collected data  
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3 Methods 

This chapter introduces the research design, research delimitation and methods, including data 
collection and analysis, used in this study. Moreover, the consideration for data reliability, validity, 
and generalizability, and ethical aspects is included as well. 

3.1 Research design 

A research design serves as an overall strategy to guide researchers to carry out the study, which is primarily 
developed from a philosophical view along with selected methods (Kirshenblatt-Gimblett, 2006; Fisher et 
al, 2005). It provides a structure to establish and answer the research questions through selection, collection, 
interpretation, analysis, and discussion of data (Kirshenblatt-Gimblett, 2006). A qualitative research design 
is chosen for this study to understand a phenomenon in a context-specified setting. With the theoretical 
perspective lens of constructionism, which implies a world constructed by many realities that derive from 
the interactions between the individuals with different values and mindsets, interpretivist approaches are 
further adopted to understand how the observed world is interpreted by the actors involved in it and their 
realities. Furthermore, an inductive logic is utilized to indicate that the theorical ideas and concepts are 
developed form data collection stage, which implies that theory is generated out of the empirical data of the 
research (Robson, 2011). As mentioned in the first chapter, the aim of this study is to identify the challenges 
and potential opportunities for developing HTUA in relation to promote sustainability transition in 
Stockholm. To reach this aim, this study evaluated the existing Swedish food system, HTUA initiatives in 
Stockholm as well as the socio-ecological setting through the understanding of the values, beliefs, 
perspectives, and behaviors from different actors involved. Additionally, this study emphasized on policy 
environment and evaluate how it aligns with the characteristics of HTUA. 

In a qualitative study, it is important to keep the flexibility throughout the process. Case study, as 
one of the main approaches to flexible design research, is opted for this study. A case does not 
necessarily need to be an individual, it could also be communities, social groups, organizations and 
institutions, and events, roles, and relationships. Besides, it can not only be an individual case but 
also a small set of cases that have something in common (Robson, 2011). Yin (2012) considers case 
study a suitable option for social research and define case study as “a strategy for doing research 
which involves an empirical investigation of a particular contemporary phenomenon within its real-
life context using multiple sources of evidence”. A group of 4 companies that aim to develop HTUA 
in Stockholm are chosen to be the case of this study. The real-life context refers to socio-ecological 
environment in Stockholm and Sweden in general, including policy environment, climatic condition, 
existing food system, etc. Furthermore, due to the novelty of the HTUA, this qualitative study takes 
an exploratory view to discover more aspects of the reality, which allows the researcher to understand 
the phenomenon in a contextualized way and then further identify the synergies and gaps between 
them with an open and flexible mind (Blaikie, 2010). 

3.2 Research delimitation  

Food system consists of various sub-systems and stakeholders. Not only the interactions between the 
sub-systems but also the ones between the food system and other systems make food system complex 
to understand. There are several AFNs with new dynamics and patterns of interactions that are seen 
as potential solutions to sustainability transition towards a sustainable food system, such as CSA, 
urban agriculture, urban garden, rooftop garden, HTUA, etc. Due to the novelty of the HTUA and 
the lack of related research, this paper’s scope was limited to HTUA, particularly referring to the 
ones with soilless growing system. This study does not intend to investigate the technical aspects of 
HTUA and its potential from a customer perspective. Rather, as the main results are from HTUA 
initiatives, it focused mainly on producer’s perspective to identify their challenges and opportunities 
for developing the HTUA from a socio-economic perspective. Furthermore, food system and related 
strategy are seen as contextualized. Since Sweden has unique climatic conditions with limited 
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growing seasons (Tälle et al., 2019), along with personal interest of the author, this study chose 
Sweden as research area, particularly the cases in Stockholm, and emphasized its policy environment 
for HTUA development. 

To answer the research questions, this study adopted multi-level perspective theory to identify the 
challenges and opportunities for developing HTUA through examining the interactions among niche, 
regime, and landscape level. Such delimitations led to the selection of five policy documents in 
Sweden, including national and regional, and four HTUA initiatives in Stockholm. The analysis of 
policy documents focused on the assessment of the environmental and food policy to see that to what 
extent current Swedish policy environment supports HTUA. This study also conducted a literature 
review to gain a deeper understanding of the current Swedish food system to provide a holistic view 
to analyze the enabling factors for HTUA development. 

3.3 Selection of cases 

To identify the existing high-tech urban agriculture projects in Stockholm, Sweden Foodtech is used 
as a database. Sweden Foodtech was formally founded in 2016. The organization aims to build 
Sweden into one of the leading global food tech hubs. To reach this goal, they help entrepreneurs to 
accelerate their innovation projects in food sector through innovation programs, business 
development and strategic advisory, and organized events to assist them to connect with related 
expertise and other stakeholders. They have had a list of Foodtech projects in Stockholm post on 
their website. Due to the nature of this study is to understand the HTUA initiatives, eight of the 
companies that are all using automatic soilless system for their growing system in Stockholm, are 
initially chosen and contacted. Among them, four of which are interested into participate in this study. 
Two out of four companies use hydroponic systems and combine it with vertical farming, and one of 
which are located in buildings while the other one is situated in a container. One of the four companies 
uses aquaponic circular system which combines hydroponic and aquaculture. The last one integrates 
hydroponic system into their product, acting as a showcase for indoor farming. The chosen projects 
are at different development stages and at different scales, but all intend to transform the current food 
system towards a more sustainable one, which would provide the study with more insights into the 
opportunities and trade-offs for developing HTUA. This study focused on the core of HTUA which 
is innovative technologies and how its development in food sector can be supported and hindered in 
current policy environment. 

3.4 Data collection 

In this study, primary data derives from semi-structured interview and secondary data is obtained 
through literature review. 

3.4.1 Literature review 

Literature review serves as the first step to gain more knowledge about the topic of interest. It 
contributes to not only the formulation of the research questions but also identifying the 
methodologies and methods that are suitable for the study (Robson, 2011). Furthermore, with 
literature review, a more holistic perspective of the topic can be shaped to help analyze the results 
and answer the question. Therefore, literature review is adopted throughout the whole process of this 
study. The database used mainly consist of Google Scholar, ScienceDirect, and Uppsala University 
online library. Additionally, official reports with abundant resources are obtained from research 
institutions and authorities, including FAO, UNEP, UN, and Swedish government agency. The 
literature research is based on key terms such as “high-tech urban agriculture”, “sustainable food 
system”, “urban farming”, “Swedish food system”, “Swedish food policy”, and “Swedish 
environmental policy”. Besides, some literatures are acquired through the suggestions from the 
supervisor and subject reviewer and reference list from other literatures. 
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3.4.2 Semi-structured interview 

Interview is a widely used research method in social research, which consists of three types, namely 
structured, semi-structured, and unstructured interviews. This study took semi-structured interview 
as the research method to collect primary data. Semi-structured interview enables the interviewer to 
cover the topics of interest and meanwhile allow the respondents to have more freedom to express 
their ideas on the topic of the interview. The given flexibility allows more possibilities for deeper 
insights. The interview was designed according to the conceptual framework of this study, covering 
the topics regarding their view on sustainable food system and HTUA. As mentioned before, four 
companies have given positive respond. three of them are interviewed through zoom call and phone 
call. Due to the tight schedule, the interview with one of the companies is done through email. 

3.5 Thematic analysis 

Thematic analysis is a common approach to qualitative analysis. It is used to identify the similarities 
and difference in the collected data through data coding and putting them into different themes which 
often emerge from the interaction with the data. Themes can be identified by looking into repetitions, 
indigenous categories, metaphors and analogies, similarities and differences, missing data, etc. 
(Robson, 2011). In this study, the coding stage for analyzing policy environment for developing high-
tech urban agriculture in Stockholm consists of two levels. At the first level, the author first 
familiarized herself with the data from the selected policy documents then generated initial codes by 
looking into food and environmental related policies. At the second level, codes were gathered and 
put into different themes which were identified through examining the repetitions and similarities, 
meanwhile it was important to make sure that the codes and themes were suitable for the future 
analysis of your study. Therefore, themes and codes should be revised throughout the coding process. 
The final identified themes were used to explain the policy environment for food system development 
in Sweden. Same approach was also used to analyze interview results with the themes in relation to 
the themes used for policy environment analysis. 

3.6 Data reliability, validity, and generalizability  

In a qualitative research using flexible designs, the reliability of the result is difficult to be tested. 
However, according to Robson (2011), paying attention to the reliability of the research methods is 
suggested. Therefore, to ensure the reliability of the results of the study, the interviews were recorded, 
and the literature were obtained from reliable sources.  

In terms of the validity of the results of this study, the research question and research methods are 
reviewed by the supervisors. Additionally, all the studied literature and formal reports are traceable. 
However, as mentioned before, due to the novelty of the HTUA and lack of related research, this 
qualitative study takes an exploratory approach to bring more insights for future studies. 

Regarding the generalizability in this study, though the studied area is limited to Stockholm, the 
analysis of policy environment for food system can be adopted in whole Sweden since the chosen 
policy documents, regardless of the national or the regional level, have a broad consensus for food 
strategy development. However, the fact that how the HTUA initiatives respond to the strategy may 
differ due to the different type of the business. Consequently, the result should be understood as valid 
for the chosen types of initiatives but not necessarily in Stockholm and could be used for future 
studies that aim to identify opportunities and challenges for developing HTUA in Sweden. 

3.7 Ethical considerations  

When conducting the research, it is important to respect interviewees’ will, opinions, and privacy. 
Throughout the study, the author kept open-minded towards the purpose and the result of the research 
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so that the deception can be avoided. Before the interview, the interviewees were informed about the 
background of the author, the purpose of the study, and that the interview could occur according to 
their schedule. During the interview, the author clarified that the interview was only for the use of 
academic purpose and asked for consent that if the interview can be recorded. Anonymity was also 
offered to the interviewees.  
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4 Empirical background 

This chapter introduces the empirical background for this study, including the definition of high-tech 
urban agriculture, the current situation of Swedish food system, global policy environment for food 
system, and the potential of Stockholm in innovative system. 

4.1 High-tech urban agriculture (HTUA) 

In general, HTUA is defined as an alternative food production strategy that applies advanced 
technology and modern innovations for food provision in an urban context (Hosseinifarhangi et al., 
2019). Related technology involves light emitting diode (LED) grow lights, computer-assisted 
controlling and monitoring systems to optimize the growing environment, such as PH level, 
temperature, oxygen content of the nutrient solution, and nutrient used for different crops. With the 
controlled environment, not only the growth and the overall health of the crops can be guaranteed, 
but the crops are also available all year around (Despommier, 2013). In this study, HTUA especially 
refers to the ones with soilless production system, for instance, hydroponic, aeroponic, and aquaponic 
and the combination of them and vertical farming. These systems depend on automation to a great 
extent. 

From a historical perspective, the basic concepts of hydroponic practice could date back to 1800s, 
which were brought to light by those who were investigating the nature of the growth of plants. 
However, the soilless crop production was not popularized until 1930s when a series of publications 
were published by scientist Dr William Gericke and his colleagues from the University of California 
(Smith, 2005; Despommier, 2013). Though the definition of the hydroponic has been evolving for 
the past few decades, there is consensus that it represents a soilless-based growing method using 
nutrient-rich solutions with major essential elements and micronutrients (Nitrogen, Phosphorus, 
Calcium, Magnesium, Sulfur, Iron, Zinc, etc.), rather than conventional soil-based cultivation (Smith, 
2005). With hydroponic system, up to 90% water can be saved, comparing to traditional farming 
(Barbosa et al., 2015). It is true that the idea of growing crops in water is not a totally new idea, but 
its commercial value has only been recognized recently (Smith, 2005). Nevertheless, the commercial 
viability is still under debate. Furthermore, according to the researchers from The National 
Aeronautics and Space Administration (NASA), hydroponics has potential to make growing food in 
outer space possible (Al-Kodmany, 2018).  

Aeroponic is another variant of hydroponic, but in a more advanced form which requires even less 
water. The major difference between these two systems is that hydroponic use water as growing 
medium while aeroponic has no growing medium (Love et al., 2015). Within aeroponic system, 
instead of using water, plants grow in a fine mist environment which is created through different 
atomization methods that could break nutrient-rich liquid into droplets (Eldridge et al., 2020).  

Another common and rising soilless culture of food is aquaponic. Aquaponic combines hydroponic 
with aquaculture and creates a symbiotic relationship between plant and fish, which enables the 
quality fish production and crop production at the same time (Love et al., 2015; Al-Kodmany,2018). 
The highlight of this system lies in the nutrient circulation, which is achieved by reusing the 
wastewater from fish tank for the plants (Love et al., 2015). 

These soilless production systems with a technology-controlled environment are expected to increase 
the yields, improve the quality of the plants, eliminate the soil-related cultivation problems, conserve 
the soil, realize zero use of pesticide, minimize the nutrient run-off, and improve resources efficiency, 
such as water and land. Though some argue that estimated energy consumption can be considered as 
an obstacle for achieving economic and environmental sustainability, others suggest that future green 
energy development can lead to the mitigation of the impact (Farhangi et al., 2020). Furthermore, 
they make it possible to grow fresh and safe produce everywhere all year around, even at the places 
with extreme weather which are not suitable for agriculture.  
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Therefore, HTUA is regarded as a potential solution to improve food security. With the application 
in the urban environment, they are expected to reduce the stress imposed on urban food system due 
to urbanization and provide multifunctional benefits, not only environmental ones but also 
educational benefits, such as re-establish the connections between the consumers and the origins of 
their food (Love et al., 2015; Farhangi et al., 2020). 

4.2 Food system in Sweden 

In Sweden, the food industry is the fourth largest manufacturing industry and plays an important role in 
Swedish economic activities. Since Sweden became an EU member in 1995, the export of food and 
agricultural products from Sweden to other countries has been steadily increasing. Swedish food is produced 
in accordance with high safety standards and the quality control is officially regulated through EU food 
legislation and additional Swedish national regulations in some cases (Jordbruksverket (Swedish Board of 
Agriculture), 2016).  

Sweden has been facing the challenges of growing sufficient food for growing population due to its unique 
climate condition with limited growing season and low temperature, which is typical in Nordic regions 
(Himanen et al., 2013; Tälle et al., 2019). With the climate change, the growing season can be extended by 
15-100 days because of the raising temperature. As a result, climate change has potential to increase the 
yields (Wiréhn, 2018). However, the Swedish food production is affected by increased extreme weather 
event which is engendered by climate change as well (IPCC, 2012), such as increased level of precipitation 
and droughts (Tälle et al., 2019). The notable summer droughts in 2018 in Sweden has put Swedish food 
supply under pressure and brought food resilience into focus (Martin & Molin, 2019). Therefore, according 
to Wiréhn (2018), the fact that how climate change would affect agriculture sector in Nordic countries in 
long term requires more research and sill under debate. Furthermore, a climate-adapted strategy is vital to a 
resilient Swedish food system. 

Other than the climate condition and change, the area of farmland in Sweden only accounts for 7% of the 
total land area, which is far from the average of 40% within the EU (Swedish government, 2016). Moreover, 
the production is projected to experience a huge reduction by 35% by 2030 since the farmland in Sweden 
has also been decreasing. The number of the area of farmland has dropped by 6.3% from 1995 to 2015 
(Gren et al., 2018). Though the land use for agriculture in the Stockholm is 13%, which is above the Swedish 
average, it is still not meet the EU average and might be difficult to keep the pace with the population growth 
in Stockholm (RUFS, 2015). Increasing farmland or productivity can be potential solutions, while the 
associated practice might cause other sustainability issues (Gren et al., 2018). Hence, this leads to another 
challenge for Swedish food system.  

As a result of the limitation on climate condition and decrease in Swedish farmlands, Sweden greatly depend 
on imports of food and fodder (Tälle et al., 2019). Over 70% of Swedish fresh vegetables and fruits is 
imported so that an abundance of fresh fruits, vegetables can be available on the Swedish market all year 
around (Röös and Karlsson, 2013) and the average distance from the origin of the food to the plate is 2400 
km (Gentry, 2019). Increasing dependence on the imported food will not only intensifies the energy use 
within the Swedish food system but also creates vulnerabilities and makes it less resilient (Johansson, 2005; 
Eriksson, 2018; Martin & Brandão, 2017; Gentry, 2019). Furthermore, nutritional value loss is another 
hidden cost behind imported food, causing by longer supply chain and added chemical preservatives to keep 
them fresh during the transit (Gentry, 2019). Though few studies have shown that increasing Swedish 
produced food consumption can have potential positive impacts on global warming and eutrophication 
(Tälle et al., 2019), the existing limitations regarding climate and arable land still restrict the availability of 
Swedish food (Martin & Brandão, 2017). Therefore, it is important to develop new ways for local food 
production in both rural and urban areas in Sweden. 

Swedish food production, comparing to other countries, is resource efficient (Stockholms stad, 2020) and 
has a relatively high environmental performance in GHG emissions, nutrient leaching, nutrient balance, and 
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ammonia emissions, which can be explained by lower nutrient inputs, less intensive agriculture, and lower 
livestock density, while its performance in NH3 emission and soil erosion is lower. Sweden is also one of 
the countries with the lowest use of pesticides. However, the environmental performance of Swedish food 
production also depends on the crops it mainly grows (Behaderovic, 2018). In general, pesticide use for 
vegetables and fruits is higher than the one for grains. According to Jordbruksverket (2017), grain accounts 
for 18% of Swedish primary food production and the corresponding number for vegetables, fruits, and 
berries is 8% in total, accounting for the low environmental impact to some extent. 

From 2005 to 2019, the proportion of Swedish organic production has increased from 6.9% to 20.4% 
and has experienced continuous growth (Jordbruksverket, 2020). According to A National Food 
Strategy for Sweden, the Swedish Government aims to increase the proportion of organic production 
to at least 30% by 2030. In accordance with the need to increase Swedish organic production, organic 
food products have been gaining growing popularity, which enables Sweden to become one of the 
largest markets for organic food in the EU (Carlsson-Kanyama & Lindén, 2001). The most common 
labelling scheme for organic products in Sweden is established by the KRAV organization and the 
KRAV standards on Swedish organic production is set to comply with the standards in EU regulation 
(Carlsson-Kanyama & Lindén, 2001; The KRAV Association, 2021). The KRAV standards not only 
clarifies the standards regarding chemical use, pesticides, soil condition but also includes the 
criterion in terms of energy consumption (The KRAV Association, 2021).  

Not only has Swedish production changed over time, but also the Swedish consumption has been going 
through several changes as well. Overall, Swedish food consumption has been increasing (Martin & 
Brandão, 2017). According to Jordbruksverket (2020), Swedish meat consumption has been increasing since 
1970 but has shown a decrease in recent years, while the consumption of vegetable in Sweden has undergone 
a significant change since 1970 and is over doubled. The consumption of convenience foods also increased, 
as well as the purchasing of organic food. A study from Carlsson-Kanyama & Lindén (2001) indicates that 
changes in Swedish consumption is associated with consumers’ growing awareness of environmental and 
health reasons and the growing acceptance of vegetarian food culture among young generation. Therefore, 
consumers begun to show their interests in organic food and locally grown products that promote 
environmental sustainability and health, which can play a crucial role in contributing to sustainable food 
production and consumption (Toler et al., 2009; Klintman and Boström, 2012; Vittersø and Tangeland, 
2015). According to Jordbruksverket (2014), about 69% of Swedish consumers tend to purchase Swedish 
food and 61% are interested in regionally produced foods. Moreover, about 67% of consumers are willing 
to pay extra for Swedish food. However, despite the increasing interests in organic and locally grown food, 
they remain a niche market mainly due to higher prices, lack of knowledge and information, habits, and low 
availability (Carlsson-Kanyama & Lindén, 2001; Vittersø & Tangeland, 2015; Röös & Tjärnemo, 2011).  

Few studies indicate that food retailers also have a ground to play in influencing Swedish food consumption. 
According to Tjärnemo and Södahl (2015), nearly 80% of the Swedish retailer market is taken by 6 large 
retailer companies, namely ICA, Coop, Hemköp, Willy’s, Bergendahls, and City Gross. These Swedish 
food retailers plan to meet several environmental targets over the course of the retail operation. The 
strategies mainly focus on energy efficiency, transportation efficiency, increasing organic and locally grown 
products and encouraging consumer to purchase them. The total amount of food waste occurred at retail 
level in 2012 was estimated to be around 70,000 ton and 91% of which was considered avoidable (Swedish 
Environmental Protection Agency, 2014). Hence, minimizing the food waste is also one of the priorities on 
the agenda. Their work on sustainability can be found on the company websites and is also communicated 
both internally and externally through Corporate Social Responsibility (CSR) reports and brochures. It is 
clear that they hope to address the societal challenges in the long run though the daily operation. However, 
their findings also indicate that Swedish food retailers are not reluctant to guide consumers to sustainable 
food choices if they are in conflict with financial and commercial goals (Tjärnemo & Södahl, 2015). 

Overall, Swedish food system, including production, processing, distribution, consumption, and waste 
management, are taking environmental, social, and economic sustainability into consideration, and moving 
towards a direction that encourages sustainable production and consumption. Though Swedish food 
production has been facing some challenges due to climatic reason and climate change, with the collective 
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action from stakeholders involved in the Swedish food system, for example, government, producers, retailer, 
and consumers, Sweden has potential to take a prominent role in global food system transformation.  

4.3 Global policy environment for food system 

As mentioned before, food system is complex and needs to be assessed from different aspects and 
multi-level perspective. Environmental, economic, and social implications caused by food policies 
and the impact of their interactions across countries, EU, and global scales should be considered by 
policy makers. On a global level, UN SDGs contribute to the shape of policy environment of food 
system. In particular, SDG2 (End hunger, achieve food security and improved nutrition and promote 
sustainable agriculture), SDG3 (Ensure healthy lives and promote well-being for all at all ages), SDG 
7 (Ensure access to affordable, clean, reliable, sustainable and modern energy for all), SDG 9 (Build 
resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation), 
SDG 11 (Make cities and human settlements inclusive, resilient, and sustainable), SDG 12 (Ensure 
sustainable consumption and production patterns), SDG 13 (take urgent action to combat climate 
change and its impact), and SDG 15 (Protect, restore, and promote sustainable use of terrestrial 
ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation 
and halt biodiversity loss) are related to food system. Among them, SDG 9, 11 and 12 are especially 
associated with HTUA. 

The main EU food policy goals aim to deliver balanced and sufficient diets for EU citizens, reduce 
the negative environmental impacts of the EU food system, create a competitive and inclusive EU 
agri-food sector, and be conducive to social equity and global food security. Related metrics consists 
of clean air and water, nutritional value, biodiversity conservation, preservation of natural resources, 
relation between production and trade, etc. (Zurek et al., 2017). Therefore, transdisciplinary expertise 
and interdisciplinary collaboration is required for bringing EU and global food system towards a 
sustainability transformation. For example, the EU Horizon 2020 project ‘Metrics, Models and 
Foresight for European SUStainable Food And Nutrition Security’ (SUSFANS) is carried out to 
assess the process, which has listed five steps: 1) creating a participatory space; 2) designing a 
conceptual framework of the EU food system; 3) developing food system performance metrics; 4) 
designing a modelling toolbox and 5) developing a visualization tool (Zurek et al., 2018).  

4.4 The potential of Stockholm in innovative food system 

Sweden is one of the most innovative cities in Europe and is regarded as one of the leading tech hubs in the 
world (Bibri & Krogstie, 2020; Johan Jörgensen, not stated). As a financial hub, Stockholm has potential to 
provide easy access to different professional capitals that can contribute to business development since 
many global headquarters of large multinational corporations are based here. Moreover, two Swedish 
innovation agencies, Tillväxtverket, the Swedish Agency for Economic and Regional Growth, and Vinnova, 
the Swedish Innovation Agency, have programs specifically aimed to helping entrepreneurs in the Foodtech 
sector by providing grants and other incentives (Johan Jörgensen, not stated). According to a study from 
McKelvey & Ljungberg (2017), between 1998 and 2006, the Swedish food industry have witnessed 
increased innovation capabilities of the companies. The investment into product innovations has grown by 
220% and the corresponding percentage to the one into the developing process is 109%. A progamme called 
‘Innovative Food’ was launched by Swedish government during that period and the investment was given 
in two phases, around 17.7 million USD.  Each year many Foodtech events are held in Stockholm as well, 
such as Sweden Foodtech Big Meet and Eat Forum. Sweden Foodtech is an organization based in Stockholm 
and aim to support entrepreneurs through initiating different kinds of programs and help them to find the 
right network to meet the societal challenge.  

However, Beckeman, Bourlakis, & Olsson (2013) found that innovations in Swedish food sector are lacking 
mutual trust and exchange of knowledge between food manufacturers, retailers, and consumers, which 
indicates that an ‘open innovation’ mindset is required to work closer with other stakeholders along the 
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whole supply chain, especially consumers and retailers. They also proposed that more studies should be 
conducted within this field and more collaboration and conversations regarding innovation should be 
initiated. 
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5 Results 

This chapter demonstrates the results from the analysis of five Swedish policy documents and the 
semi-structured with four high-tech urban agriculture initiatives in Stockholm. 

5.1 Policy environment for food system in Stockholm  

To analyze the impact that Swedish food and environmental policy have on shaping the food 
environment for developing HTUA in Stockholm, following policy documents have been studied, as 
shown in Table 1: 
 
Table 1. Swedish environmental and Food policy documents chosen for this study 

No. Document Year Source 

1 Sustainable Food in Sweden 2010 Ministry of 
Agriculture Sweden 

2 Swedish Environmental Objectives 2018 
Swedish 

Environmental 
Protection Agency 

3 A National Food Strategy for Sweden 2016 Näringsdepartementet 
4 Environmental Programme for Stockholm City 2020-2023 2020 Stockholms stad 
5 Climate Action Plan for Stockholm City 2020–2023 2020 Stockholms stad 

The first three documents are adopted at a national level while the other two are initiated for city 
development, in this case, for Stockholm. Sustainable Food in Sweden is developed to ensure food 
security through an environmentally, economically, and socially sustainable production. Swedish 
Environmental Objectives is established by the Swedish environmental protection agency in 2018 
and adopted by the Riksdag (the Swedish parliament), which consists of one generational goal and 
sixteen environmental quality objectives. The overall aim of this policy document is to provide next 
generation with a society where the major environmental issues the country is facing have been 
solved without compromising the environmental and health conditions in other countries. A National 
Food Strategy for Sweden aims to realize a competitive, innovative, sustainable, and profitable 
Swedish food supply chain that is inclusive and can have a greater impact at a global level. The 
Environmental Programme 2020-2023 adopted by the Stockholm City Council in 2020 has developed 
seven goals and sixteen indicators under the EU framework programme, SDGs, and the Paris 
agreement. This programme is expected to guide the development of Stockholm towards a direction 
that enable its role as a global role model in national and international climate activities. This can be 
observed by the fact that the National policy aims to achieve fossil-free by 2045 while Stockholm 
tends to adopt a more ambitious goal and achieve the same objective by 2040. Climate Action Plan 
2020-2023 is further carried out to assist Environmental Programme 2020-2023 with concrete 
measures for a fossil-free and climate-positive Stockholm. It is also worth noting that all the latter 
three policies have used the Swedish Environmental Objectives as the starting point. 

According to the description of the aim from different policy documents, it is clear that environmental 
issues are at the top of the priorities and the core of the strategy plan. Though all the documents have 
touched on the topic of food system, the strategies or the policies developed in each document are 
still of the different focus. They do have a broad consensus in favor of sustainable food production, 
increasing locally grown and organic food, sustainable consumption, enhancing internal and external 
communication and influence, encouraging innovation and technology development, and highlight 
importance of the collective action and the capacity to inspire others. Some focus on one aspect more 
than another, some bring up the topics which is not included in others. For example, Swedish 
Environmental Objectives points out the need to avoid impact displacement and A National Food 
Strategy for Sweden emphasizes not only the ecological sustainability, for example, achieving 
Swedish environmental objectives but also the social benefits through generating employment in both 
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urban and rural areas. Though energy development is not related to food system directly, it is 
especially crucial to identify the environment for developing HTUA which is based on the 
automation. Therefore, energy-related policies which have taken a share in Environmental 
Programme is worthy of study as well. Furthermore, Environmental Programme especially highlights 
the role of the Stockholm as a city in taking responsibilities in purchasing choice and influencing 
markets, suppliers, and consumers.  

5.1.1 Sustainable food production 

All the studied policy documents recognize the importance of increasing food production for growing 
food demand while mitigating or causing little or no climate impact. This is not a brand-new concept, 
from Sustainable Food in Sweden in 2010, it concerns the sustainability of food production and 
proposes that it is government’s responsibilities to make sure of a safe food production which “uses 
resources without using them up”. In Swedish environmental objectives, it is indicated that the food 
production and the climate impact interrelate. At current stage, agriculture is one of the main 
contributors to GHG emission, air quality, unnatural acidification, eutrophication, soil erosion, 
biodiversity loss, and intensive use of land, water, and energy. Those impacts will in turn affect the 
quality and the growth of farm crops and further harm human health. Therefore, Swedish 
environmental objectives suggests that production of goods and services should be in harmony with 
nature and ecosystem, the resources should be managed in a sustainable manner, and “farming has 
to be efficient and effective”. Environmental Programme also encourages a food production that 
promotes biodiversity and fossil-free.  

Other than the policies that are related to food production directly, to achieve a toxin-free and 
resource-smart Stockholm, two of the seven main goals in Environmental Programme, it is proposed 
that the harmful substances should be reduced in products and the recirculation of resources should 
be enhanced. In this respect, chemical pesticides which could be harmful to living health through 
crops and water should be reduced. Furthermore, the recirculation of material inputs used in food 
production should be at the core of a sustainable food production. 

5.1.2 Increase locally grown and organic food 

Sustainable food consumption is on the agenda of all documents. It is acknowledged that consumers’ 
demands and interests in sustainable food can influence food production and the term “organic” has 
appeared frequently. According to Sustainable Food in Sweden, objectives for organic production 
and consumption established by the government in 2006 aim to realize the goal that “by 2010, 20% 
of the utilized agricultural area shall be certified as organic, and 25% of the consumption in the 
public sector shall be organic”. A National Food Strategy for Sweden towards 2030 preserve the 
same objectives and proposed that “30% of the Swedish farmland will consist of organic agricultural 
land by 2030 and 60% of public sector consumption will consist of organic products by 2030”. 
Obviously, the government is giving growing attention to organic farming and products as a solution 
to a sustainable food system. The City of Stockholm, on the behalf of Stockholm, decides to take the 
responsibility and believes that during the Environmental Programme period (2020-2023), “the 
proportion of organic food in purchased meals and food for the City’s activities will increase from 
half to just over two-thirds”. Though “locally grown” is not mentioned as much as “organic”, the 
emission from transportation sector is seen as one of the major challenges in national and regional 
strategy planning, which indicates that shorter supply chain resulted from locally grown food would 
potentially mitigate this impact. What’s more, reaching higher level of self-sufficiency is one of the 
main objectives in A National Food Strategy for Sweden, which advocates locally grown food as 
well. 

5.1.3 Innovation and technology  

In general, innovation and technological development are encouraged for finding sustainable 
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alternatives across different sectors, including energy and food sector. On both national and regional 
level, it is acknowledged that innovation and technological development are crucial to the long-term 
planning of the city and the country to achieve sustainable growth and prosperity with climate-smart 
solutions. Comparing to the Sustainable Food in Sweden from 2010, it is obvious that innovation has 
been gradually receiving attention in the recent policy documents. A National Food Strategy for 
Sweden suggests innovation and knowledge as one of the main strategic areas for realizing an 
innovative food system with increased productivity that contributes to sustainable food production 
and consumption. Added value is expected to be created with the new models of systems, innovative 
services, and products to increase the capacity of the society for responding to societal challenges. 
Applied and needs-driven research of innovation is regarded as a vital aspect of the Food Strategy as 
well, which is also highlighted in the Environment Programme. Environment Programme especially 
stresses the role of the Stockholm as a city in taking responsibility for stimulating and enhance 
collaboration and innovation for a climate-adapted and resource-smart Stockholm. According to the 
Innovation Strategy for the City of Stockholm, the City of Stockholm should take active initiative in 
innovative research projects and evaluate existing working systems. It is also mentioned that it is 
important to promote the initiation of an organization that can be test bed for innovative solutions 
and further stimulate the technological development in Stockholm. Furthermore, the City of 
Stockholm should make plans to broaden the positive impact and bring the benefits to the whole 
society. To achieve this goal, the importance of partnerships is emphasized, such as the collaboration 
with academia, businesses, industry, institutes, and other relevant stakeholders. 

5.1.4 Communication and influence 

As mentioned, sustainable food production, increasing locally grown and organic food, and 
innovation and technology are of the main priorities of the policy agenda. However, all studied policy 
documents mentioned that both internal and external communication are in need for channeling 
relevant knowledge to the customers and further influence them to make sustainable food choices. 
According to Swedish environmental objectives, business, communities, and organizations can help 
to shape public opinion and foster an understanding of the need for positive changes to mitigate 
environmental impacts engendered by human activities. Environmental Programme for Stockholm 
City emphasizes the importance of arising the awareness towards sustainability practices, such as 
reducing food waste and consuming locally grown or and eco-labelled foods, through communicating 
knowledge that is related to climate and environmental activities and innovative initiatives in 
Stockholm. One of the proposed communication tools is labelling scheme, such as certificated 
organic, eco-labelled and certificated climate-smart products, which is used to inform consumers 
regarding sustainable options. A National Food Strategy for Sweden notes that not only food business 
itself would affect how consumers view Swedish food industry, but also consumer choices are 
partially based on their understanding of the food information they come across. Therefore, the values 
embedded in Swedish food market and consumer purchasing behaviors are interconnected. The 
government believes that the level of knowledge regarding food and meals, food production, health, 
and sustainability should be enhanced among the public. Furthermore, the food market plays a role 
in corresponding to the demands of consumers. The mutual connection between them indicates that 
they both have power in driving each other towards a more sustainable direction, namely sustainable 
marketing and sustainable consumption, which will then encourage sustainable production. 

5.1.5 Rules and regulations 

According to A National Food Strategy for Sweden, rules and regulations, as another main strategic 
area, is regarded as crucial to the way how food production functions and the fact that how certain 
objectives can be achieved in that specific sector.  Rules and regulations should be established to 
support and stimulate a competitive, sustainable, innovative, and profitable Swedish food supply 
chain and be inclusive of all stakeholders, such as government, business, academia, producers, and 
consumers. Three main approaches are proposed in the document: 1) appropriate taxes and charges; 
2) regulatory simplification; 3) reduced administrative burden. Though the definition of appropriate 
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taxes and charges is not clarified in detail, it can be interpreted in a way that monetary incentives and 
restrictions are one of the considered approaches to achieve the objective. As mentioned in Swedish 
Environmental Objective, financial support can be used to promote environmentally smart 
alternative. The second and third strategies lay more emphasis on the structural and organizational 
changes in the food industry. Changes should be made to create an environment that enables business 
growth in all aspects of Swedish food supply chain in an easier way. The governance should play a 
role in encouraging the innovative methods to increase resources efficiency and develop climate-
adapted solutions by reducing administrative burden in business development with irrespective size, 
especially for small and medium-sized enterprises to have an easier access to the market and public 
service.  

The City of Stockholm especially stresses the importance of setting requirements in City procurement 
in the Environmental Programme for Stockholm City. In this programme, the government aims to 
reduce climate impact of the Stockholm’s purchased food and meals by 1/5 and increase the 
proportion of environmentally friendly food purchasing. It claims that procurement can be used as a 
tool to influence supplier market towards a certain direction and benefit Stockholm residents as 
consumers as well. Furthermore, the setting requirements in procurement is in accordance with the 
trade restrictions mentioned in Sustainable Food in Sweden to certain extent as well. These two 
approaches recognize how the purchasing behavior can affect local and global food system and the 
opportunities to integrate the aspect of sustainability into those systems in different dimensions. 

However, to reinforce the influence of rules and regulations, mutual trust and understanding between 
the enforcement bodies and the affected subjects is important, which can be created through efficient 
communication, as mentioned in the previous section, for example, high levels of knowledge and 
information exchange. 

5.1.6 Generate employment in both urban and rural areas 

Policies regarding generating employment opportunities are only brought up in Sustainable Food in 
Sweden and A National Food Strategy for Sweden. As stated in Sustainable Food in Sweden, food 
production is associated with Swedish rural development and should generate more growth and 
employment in agriculture, forestry, and fisheries in Swedish rural areas. This has been indicated in 
A National Food Strategy for Sweden as well. The government believes that a sustainable and 
competitive food system should be able to provide the society with not only sustainable economic 
growth but also social benefits. With increased productivity and innovation system, improved 
profitability in the business and new business within the food sector should help to create a variety 
of employment opportunities in both urban and rural areas throughout the country and for people of 
all backgrounds, in other words, it should be inclusive. Moreover, it is also of importance to track 
development in employment and how it might affect the environment to ensure the sustainability in 
employment and economic growth. 

5.1.7 Energy development 

All studied documents except A National Food Strategy for Sweden have mentioned energy 
development as one of the main challenges and stated that there is a need to seek alternative energy 
production. According to Swedish Environmental Objectives, the demand for energy is growing and 
more investment should be made to support climate-smart energy systems and infrastructure. Since 
the 1990s, the City of Stockholm has begun to implement energy efficiency programmes. Based on 
the Environment Progamme and Climate Action for Stockholm City, energy development and 
improving energy use efficiency is crucial to sustainable urban development in Stockholm. It mainly 
covers transport sector, electricity generation and use, and energy use for heating and cooling 
buildings. In 2018, renewable energy and recycled energy accounts for 54% and 12% of total energy 
use respectively in Stockholm. As mentioned above, the City of Stockholm aims to be fossil-free by 
2040 and the organizations in Stockholm should take the lead and first achieve fossil-free by 2030, 
which indicates that fossil fuels should be completely replaced by renewable energy in electricity 
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generation in all sectors so that the energy use within the municipal boundary will not generate any 
GHG. To achieve this, effective energy consumption should be promoted, and technology should be 
developed for clean energy. The City of Stockholm plans to reduce purchased energy by at least 30% 
with increased efficiency in energy consumption along with enlarging the proportion of solar energy 
in electricity production by 100% compared to the one in 2018. Even though renewable energy can 
mitigate climate impact in some certain aspect, the potential impact of the installation of the 
production requires attention as well. 
 
In conclusion, based on these five studied policy documents, seven main strategies that are related to 
the shape of policy environment for food system in Stockholm are identified: 
 

• Sustainable food production 
• Increase locally grown and organic food 
• Innovation and technology 
• Communication and influence 
• Rules and regulations  
• Generate employment in both urban and rural areas 
• Energy development 

 
Furthermore, collective action between government, industry, academia, and individuals towards to 
the implementation of these seven strategies is encouraged to create and stabilize the environment 
that allows the food system to safely operate within and a sustainable food system could be further 
nurtured in Stockholm.  

5.2 The interview results 

In this study, complete interviews are conducted with four companies that use automatic soilless 
system for food production in Stockholm. Table 2 has presented information about the interviewees 
and their projects for this study. All of them have salad and leafy greens as their main products 
produced from their systems, such as lettuce, herbs, kale, spinach, and bok choy. Moreover, according 
to the interviews, expanding the range of products is a part of the business development strategy for 
all, for example, mushrooms, tomatoes, paprikas, and berries are being tested by developing different 
solution recipes. It is worth noting that one of the companies that use aquaponic circular system, a 
combination of hydroponic and aquaculture, produces not only vegetables but also small number of 
fish while others use hydroponic and vertical system as their growing method. Among the companies 
that use hydroponic and vertical systems, two of them focuses on using produces as their products 
while the other one provides the whole system that can be installed in indoor environment and allows 
users to harvest by themselves, acting as a showcase for indoor farming, especially hydroponic 
systems. 
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Table 2. Information about the interviewees and their projects for this study  

Company Interviewee Year Location Technology Products 

Company A CMO 2017 Basement of 
the building 

Hydroponic, 
vertical farming 

Salad and leafy 
greens 

Company B Founder 2018 Container Hydroponic, 
vertical farming 

Salad and leafy 
greens 

Company C Head of 
Horticulture 2018 Building Aquaponic Salad and leafy 

greens, fish 

Company D CEO 2018 Mobile 
installation Hydroponic 

Loop - Installation 
that produces salad 

and leafy greens 

5.2.1 Motives for starting initiatives in Stockholm 

According to the interview results, all interviewees have shown their concerns for current food system 
and agree that changes should be made for a sustainable food system. Finding alternative and 
innovative ways to transform food supply chain towards the direction of sustainability is their main 
motive behind their initiatives. Both interviewee B and C mentioned that Swedish food system 
depends a lot on imports. 

“Swedish climate is cold and dark, no fresh greens most of the time around the year.” Interviewee 
B 

“Sweden imports 70-80% of vegetable and fish, resulting in long transports, significant food waste, 
poor quality and limited selection of products. 93% of fish stocks are overfished or over capacity, 

97% of the Baltic Sea suffers from eutrophication and 56% of fruit and vegetables in Europe is 
dumped.” Interviewee C 

Interviewee D also expressed the concerns for long food supply chain.  

“40% of leafy greens are wasted, they are quite sensitive, you can’t store them very long, you 
usually don’t keep it alive until it gets to the consumer. Before being transported, they are 

packaged and hopefully they are still in good condition when they arrive in the supermarket.” 
Interviewee D 

 
Besides, interviewee A stressed the need to “transform supply chain by trying to farm at the places 
where people actually live”. Meanwhile, she indicated that: 
 

“The project is a small part of the giant puzzle with so many things happen in Foodtech. With the 
knowledge in farming, vertical farming in particular, we would be able to make a difference in the 

sub-area for food supply along the supply chain.” 
 

Furthermore, three of them mentioned that they want to provide urban residents with not only tasty, 
fresh, nutritious, and health products but also easier access to them. 

Regarding the geographical selection, two of the interviewees acknowledged Stockholm as an 
excellent environment for developing their projects. First, Stockholm has a smaller alive ecosystem 
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for foodtech and bigger start-up community with great network that allows them to interact with 
investors and advisors (Interviewee A). Second, “it has a large customer base who are increasingly 
interested in locally grown food. This has led to demand and willingness to pay for sustainably 
produced local food in the whole supply chain” (Interviewee C). Other than these two reasons, it can 
also be a coincidence that most of the team live in Stockholm. 

The results show that the main motives behind these initiatives can be concluded into four aspects: 
1) promote sustainable food system; 2) encourage local food system and reduce imports; 3) improve 
food security; 4) acknowledgement of the Stockholm as an ideal environment for HTUA agriculture 
initiatives. 

5.2.2 Optimize the use of the space 

All the interview results indicated that the projects took optimization of the use of the existing space 
into consideration. Company A located their farm at a basement of an existing building which was 
used for red wine and beer storage. Company B situated their farm in a container which was originally 
used for transporting the food and the container is put on an unused space. According to interviewee 
B, the containers would be discarded if the cooling equipment was broken since it was pricy to replace 
it with a new one. However, with an insulated environment, the container is ideal for building a 
controlled environment for urban farming. Therefore, the reuse of the container prolongs its life cycle 
and allows the efficient use of material. Company C placed their aquaponic farm in a disused building 
which was used for dairy farming and now was turned into a facility that produces 500 plants a week. 
Company D aims to fully use indoor environment and make indoor farming a natural part of any 
indoor environment and to anyone. They designed their product in a way that could be easily hanged 
on the wall. Furthermore, Company A and B also use vertical farming to maximize the use of the 
space. Hence, those studied companies have contributed to optimizing the use of the space by either 
using the existing unused space or growing vegetables in a vertical way with multiple layers or both. 

5.2.3 Sustainable food production 

When being asked how they would interpret and contribute to a sustainable food system, no or less 
pesticide use, resource-efficient, transportation, traceability of the products, and circularity of the 
resources along the supply chain were mainly brought up by the interviewees. Interviewee A claimed 
that there was no pesticide use in their growing system and they took most of the supply chain from 
planting to harvesting and packaging by themselves. All the companies chose soilless circular system. 
Interviewee C gave a brief description of the aquaponics circular system that of their use: 

“We build and operate sustainable indoor fish and vegetable production in circular water systems. 
Aquaponics combines growing leafy greens with fish production (from which the vegetables take 
their nutrients) – the bacteria cultures we use, and the vegetables clean the water which is then 

returned to the fish. This way, we use very little water and very small amounts of artificial 
fertilizers. One in which there is minimal waste. The fish, beneficial bacteria and vegetables work 

in symbiotic circular systems, complemented with food waste to fish feed conversion through insect 
larvae.” 

Company A, B, and D are using hydroponic system which can save up to 90% water use comparing 
to outdoor farming (Barbosa et al., 2015). Without the use of soil, soil erosion, deforestation, and 
other soil-related cultivation issues can be avoided or at least reduced (Al-Kodmany, 2018). 
Moreover, with the solution recipe and closed-loop system, the nutrient can be used more efficiently 
and precisely. 

Furthermore, Interviewee B said they used plastic that made from sugar beet for their package which 
is a sustainable source with Nordic Swan Ecolabel. Besides, interviewee D also highlighted that the 
materials used for the infrastructure is recyclable and most are sourced locally from Sweden.  
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Nevertheless, energy consumption has been a hotspot when it comes to HTUA (Kalantari et al., 
2018), which is shown to be align with the interview results to some extent. All the companies cannot 
operate without electricity and technology and interviewee C acknowledged that their “energy 
consumption is high, mainly drawn by the growth lights”. Though interviewee A also saw electricity 
supply as a challenge and brought future concern for making energy consumption more sustainable, 
she believed that the innovation in energy sector would improve the energy use efficiency within the 
whole system, including growth light, operation around the controlled environment, and other 
growing techniques. Moreover, three of them showed their confidence in green energy development 
in Sweden. 

“There are some parts of the world, geographically makes more sense to deploy vertical farming, 
one of which is the northern part of Scandinavia, southern part of Sweden, already use a lot of 

renewable energy, especially the cold weather in Sweden, it would require lots of energy in 
greenhouse as well.” Interviewee A 

 
“[In Sweden, there is] good access to green energy.” Interviewee B 

 
“We are in a very well insulated building, so even in winter we don’t need to supplement the 

heating too much. As most electricity supplied in Sweden is environmentally less destructive than 
elsewhere, we feel comfortable with this issue – we do plan to make use of solar energy when 

possibly in our next facility.” Interviewee C 
 

Furthermore, interviewee B added that for energy provision, they only used the energy sources that 
were considered as green energy in Sweden, such as wind, solar, and water energy. They did their 
delivery themselves on foot or by bikes and electric cars. It is also worth noting that interviewee A 
highlighted the importance to not only focus on the outcome of energy us within the high-tech 
agriculture sector but also compare with it with open field farming and greenhouse farming. This 
argument is similar to interviewee D’s view of paying more attention to the life cycle assessment of 
the product. 

5.2.4 Shorten supply chain 

According to the interview results, all the interviewees indicated that their distribution area was in 
Stockholm. Reducing the imports and supporting local food system are shown to be their main 
motives. Interviewee A suggested that there was a need to consider the distance along the whole 
supply chain to the end product and the decision regarding the transportation choice. Interviewee B 
aimed to directly sell produces to local communities in Stockholm while interviewee C expressed the 
vision for developing more local food systems in Sweden and other European cities. 

“Our initial distribution area is the larger Stockholm area. We aim to build more facilities close to 
some of the larger cities in Sweden; long-term we aim to have a facility near most Scandinavian 

cities and perhaps other European towns as well.” Interviewee C 
 
According to interviewee C, he indicated that there was great potential market for local food since 
“at the moment, as many as 700 000 people regularly buy food at a nearby REKO ring” and they 
sold at eight different ones in the Stockholm and Uppsala area. With the service provided by 
Company D, interviewee D hoped to decentralize the food system and shorten the distance between 
producers and users so that there would be “A lot of smaller downtowns where you don’t need to 
travel 10 km to get what you need”. In this way, the transportation will thus be reduced, along with 
the GHG emissions.  
 
In conclusion, finding innovative ways to bring producers closer to the urban consumers, in other 
words, shortening the supply chain is in the nature of these projects. 
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5.2.5 Socio-economic outcomes 

Socio-economic benefits mainly derive from the added values generated by the high-tech urban 
agriculture. Three out of four use the terms “fresh”, “tasty”, and “pesticide-free” to describe the 
added value of their produces, comparing to the conventional farming. Two of the interviewees added 
“nutritious” and “with more vitamin” to this list. These terms are closely linked to improving the 
performance in food security. What’s more, interviewee B and C mentioned that high-tech technology 
made it possible to provide high-quality products that are largely dependent on the imports and open 
up more new food experience.  

“[People] have chance to try the vegetables that are not common in Sweden.” Interviewee B 
 

“The main value is that we offer a product that is largely imported, particularly in the winter. 
Sweden imports 70-80% of vegetable and fish, resulting in long transports, significant food waste, 

poor quality and limited selection of products.” Interviewee C 
 

However, two of the interviewees indicated that higher price might still reduce their current 
competitiveness in the market since “some are more expensive than the ecological products and some 
are on par with the ecological products”. Despite this fact, interviewee A expressed that they aim to 
achieve mass production in the future and make it more affordable to all. This vision aligns with the 
opinion of interviewee D as well. Interviewee D believed that with “more Loops in one community 
and close to each other, it can make it [the food system] more inclusive” since an open access to food 
would be provided to everyone around the community. Furthermore, the Loop from company D can 
not only provide food but also improve indoor environment and sensory experience by reducing the 
stress of the people in that environment.  

5.2.6 Innovation and technology 

All companies adopted high-tech methods for their soilless growing system. As shown in the Table 
1, company A and B opted for the combination of hydroponic and vertical farming as their growing 
methods while company C used circular aquaponic technology and company D used hydroponic 
system. The relevant technologies consist of growth light, solution recipe, and closed water cycle.  

Regarding innovation and technology aspect, interviewee A stress the importance of the automation 
in helping grow the business in the future. Their new farm would be half-automated, which means 
all the repetitive tasks will be replaced by automatic techniques.  

“We are looking into all the tasks that are very repeatable that you do over and over and over 
again. We are aiming to automate almost all of them. Because in the sense, we are thinking the 
repetitive tasks, if human don’t need to do it, then we shouldn’t be doing it because there are so 

many other things that we could do that would be much fulfilling.” Interviewee A 

To achieve this, interviewee A also mentioned that “bringing down the cost by finding the right kind 
of automation techniques and be smart about what to automate and what to not” was one of the 
challenges that they have to tackle with. Technology development is at the core of their business to 
make the system be able to store data, follow the instructions, control the growing conditions, and 
get optimum conditions for each plant, which is regarded as a challenge by interviewee A. 
Furthermore, she believed that the development of the automation techniques in this sector depended 
on the development and the future of vertical farming. 

Interviewee C also gave more details on the technology used in their system: 

“Our farm is based on the aquaponic principle. We use water pumping mechanisms to circulate the 
treated fish waste and beneficial bacteria to the Deep-Water Culture basins (where the vegetables 

float on rafts under grow lights). We also use monitoring and censoring equipment.” 
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5.2.7 Communication and influence 

Communication and influence are shown to be both challenges and opportunities for developing 
HTUA. According to the interview results, three of the companies mentioned that their main targeting 
market is individuals or companies that were aware of sustainability issues, health issues, and looking 
for fresh and nutritious produces. However, they also recognized several challenges that hinder them 
to reach to their targeting market or broader market. The first challenge is that they have to take most 
responsibility to explain their products to the customers who may not be willing to try new things.  

“Reaching market is tricky, especially when you are doing a product that people are not used to.” 
Interviewee A 

Another common challenge derives from the lack of knowledge of the positive sides of their product. 
For example, two interviewees expressed that 

“We are also developing the brand and educating our target group about those things, like why it 
makes sense to buy this product instead of a salad grown in Spain, for example. That's kind of a 

communicative challenge that we have and building like brand awareness and ambassadors around 
what we're doing [is also a challenge].” Interviewee A 

“[We] need to explain to them [clients] about holistic approach.” Interviewee D 

The other challenges are related to price, distribution channels and labelling system. Interviewee A 
highlighted the importance of building relationship with retailers to reaching a condensed market, 
such as ICA and Coop and scaling up the farm to bring down the price and increase their 
competitiveness in the future. However, this brought up another challenge that they had to prove to 
investors that this way of doing things is economically viable in order to get funding to scale up. 

Interview results also revealed an obstacle regarding labelling scheme. As mentioned before, 
labelling scheme can be used as a tool to communicate sustainability knowledge and inform the 
consumers with sustainable options. However, three of the interviewees mentioned that their products 
couldn’t be classified as organic since their produces were grown out of soilless system which is not 
in accordance with the EU law that states organic food needs to be grown in soil. This disadvantage 
might reduce their market “[So] even if our [their] production methods have very low environmental 
impact and grow in small ecosystems” (Interviewee C). Especially, according to interviewee B, 
people can be very aware of the organic or eco labels. two of which get certificated from Swedish 
certification agency called Svensk Sigill, which provides eco-label for Swedish food and flowers. 

“Like right now people are kind of looking for ecological products, for example, but in the end, we 
can’t call us ecological because we're not growing in soil. So, we're kind of outside of that kind of 
structure and if the government were to kind of make a campaign, educating people about vertical 

farming, that would be amazing.” Interviewee A 

As a result, in corresponding to the challenges regarding communication, all interviewees indicated 
that partnership can be helpful to the development of their initiatives. The partnership is not limited 
to the collaborations between companies, but also between companies and consumers so that they 
could help each other to achieve goals and thus great influence can be engendered by collective 
action. Furthermore, interviewee C emphasized that “partnership with universities to research some 
of our findings would be extremely helpful”. The reason to this is because “there is a lot of information 
available about aquaponics, but most is on a small scale, and we found, for instance, that the 
nutrients required by our system are far less than what the “books” tell us”. Few interviewees 
mentioned that they had collaborated with students from few universities to conduct research on the 
assessments of their systems and products. Therefore, from producers’ perspective, different kinds 
of partnerships can make a positive impact on enhancing communication, broadening influence and 
further research. However, the fundamental reason underlying the importance of effective 
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communication is to raise the public awareness towards sustainability issues and high-tech 
agriculture, which is mentioned by most of the interviewees. As noted, Interviewee A suggested that 
the government could take lead and started campaign that educate people more about vertical farming.  
 
Despite these challenges, some interviewees saw them as an opportunity to “create a direct dialogue 
with consumers, share the ideas and have a closer relationship with them” (Interviewee B). 
Interviewee D expressed that though “it is a lot of effort to educate but also a good chance to create 
awareness of food sustainability” which can also be a selling point for them. Furthermore, 
interviewee D stressed that: 
 

“Nevertheless, government must be sustainable itself and also communicate. The knowledge 
regarding sustainability is still rough and not in detail. If you just show the trade-offs, it’s gonna 
be complicated for the public which might become discouraging and push them back to the easiest 
way or business as usual or you are still not sustainable even though you have tried since it might 

in a wrong way.” 
 

Therefore, communication and influence are shown to be able to occur in many directions and in 
various forms externally and internally. The communication among governments, producers, and 
consumers and how they communicate the knowledge and information can be critical to the 
development of high-tech urban agriculture, such as assisting them to reach broader market, raising 
public awareness, educating people more about high-tech agriculture. Partnership between companies 
or/and academia and support from government are expected to be helpful and enhance influence as 
well. 

5.2.8 Rules and regulations 

Interview results revealed that most interviewees thought that the policy environment for developing 
HTUA in Stockholm was getting more positive. Interviewee A “felt like there was a turning point 
right now, there has been a little bit of interest from the government” and interviewee D pointed out 
that Swedish authorities did have more awareness towards sustainability transition than other 
countries. Meanwhile, comparing to products that even more unconventional, such as insect protein, 
and GMO, HTUA has less challenges regarding policy and regulations.  

Nevertheless, few concerns and expectations in terms of rules and regulations, and governmental 
support have been brought up through the interview, which will be elaborated with the following 
analysis. The concerns mainly focused on price regulation, the usage of space, the funding, and the 
awareness towards HTUA.  

Interviewee A didn’t think that the Swedish government would be able to regulate the price due to 
the open market in Sweden while she thought regulations for showing actual cost of a produce would 
be helpful. In this regard, she pointed out that “We (Sweden) don't have clear regulations and 
restrictions on how to pay for the externalities that you're actually producing as a company. So, you 
might sell a product very cheap that in the end, it costs quite a lot for the environment”. To do this, 
traceability of the products would be in need to create the transparency of the price so that customers 
could make a sustainable choice with more important information, for instance, the distance of 
transportation, pesticide use, etc. Similar concern is expressed by interviewee B and D as well. 
Interviewee B stressed that the external price should be added to the price of the product and reflect 
the caused environmental impact. Interviewee D further explained that the external price could also 
be presented through increasing energy prices or taxes or support sustainable business with subsides 
and easier access to resources that could benefit sustainability. 

Another concern is related to the usage of space. Interviewee A mentioned that there are certain 
requirements should be met to be able to scale up the farm and optimize the efficiency of the farm. 
However, interviewee C indicated that financing a large facility was their current challenge and “right 
now, most urban agriculture of any scale cannot afford to be based in the town itself”. Therefore, he 
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further proposed that “It would be extremely helpful if Stockholm could make large unused spaces 
available at less than the usual commercial rates”. Interviewee B who used container as the space 
for their vertical farm has encountered difficulties in finding a place for the container, which is 
regarded as their main issue. Due to the size of the container, it is classified as a house. According 
to the interview with her, the land in Sweden can be owned by different owners while the state takes 
control of the usage of the space. Therefore, even though one real estate company showed interested 
in having a vertical farm in their residential area, the company B had to talk to municipality and 
politician to communicate their mission, value and what they planned to do to get permission. The 
process involved a very close collaboration with them and a way of interpreting the legislation to get 
the farm running. From this experience, she believed that it was important to explain to the right 
people, and fight for your standpoint even though the legislation could be tricky sometimes, which 
was in accordance with the view from interviewee A that finding the right network was vital to the 
development of the project. 

Three of the companies, namely Company A, B, and D, got grant support from Almi which was a 
state-owned agency in Sweden that supported Swedish start-ups with potential growth by offering 
loans and business development advice. According to the information on the website Almi, they plan 
to invest more in the companies that aim to solve sustainability issues and to contribute to sustainable 
development. Company A and D got fund from Vinnova as well, same as Company C. Vinnova is a 
governmental agency in Sweden as well, which is also known as Sweden’s innovation agency.  

“We help to build Sweden’s innovation capacity, contributing to sustainable growth. Our vision is 
that Sweden is an innovative force in a sustainable world.” Vinnova 

Other than these two agencies, Company D also got grant from C-Voucher, which was the first pan-
European initiative adopting the concept of circular economy to redesign the value chains and was 
supported by European Union. It is acknowledged that Almi can be a good help to start-ups while 
Vinnova is less friendly to the small-scale companies.  

“[For Vinnova] You need not only to be a company, usually you need to be three parties. For 
example, a company, a university, and a state-owned organization. So, they give the money to three 

parties to study one topic, and they need to collaborate to start at that topic for something. And 
that, of course, is a very good thing. The problem is when it is only me and my husband. We don't 

have time to run these types of projects for us.” Interviewee B 

Interviewee B mentioned that they tried to apply for such fund, however, they felt that it would be 
better spend the time on selling their products because it was time consuming for them and it was 
also difficult for them to get the fund due to the lack of certain capitals. Moreover, interviewee D felt 
that the incentives are more for the digital companies that making products like software. Despite the 
fact that financial support can be a good help to start the business, interviewee A highlighted that she 
thought that a company should be able to support themselves financially with executing a good and 
strong idea. 

Overall, interviewees didn’t feel that the current policies were actively hindering the development of 
HTUA. However, according to interviewee C, current Swedish law was not supportive enough for 
the circular food production system due to the unclear regulations regarding the circular use of food 
waste and fish feed. Nevertheless, they agreed that the government could always do more. 
Interviewee A brought up the example that how Singapore was really moving into the forefront of 
the foodtech and indicated that government could pay more attention to HTUA and supported 
company to innovate and try stuff on market through regulatory decisions and improvements. For 
example, efforts to grow different kinds of networks can be beneficial for scaling up the business. 
Issues regarding labelling scheme which is mentioned in previous sector is also something that 
government could help with.  
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5.2.9 External shock 

Regarding the external shock, few interviewees indicated that, from a short-term perspective, the 
market had been affected due to the COVID-19 outbreak. From a long-term perspective, the fact that 
how climate change would evolve, and its consequences concerned them as well. Furthermore, that 
how the public opinions towards high-tech agriculture would change and how energy production and 
consumption be more sustainable leave a question mark for the future high-tech urban agriculture 
development. 
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6 Discussion 

This chapter explains the adaption of the results to the multi-level perspective, further discuss the 
opportunities and challenges for developing high-tech urban agriculture (HTUA) in Stockholm, and 
how producers envisage the food system with HTUA. Furthermore, the limitation of this study is 
discussed as well as the suggestions for further research 

6.1 Adaption of results to the multi-level perspective 

6.1.1 Niche 

As stated before, niches refer to the ideas of the radical innovations that can potentially drive a socio-
technical transition, including technological, policy, markets, culture, and other social aspects (Geels, 
2004). Niche is regarded as a space for developing novel alternatives which might encounter 
obstacles to entering the mainstream market due to the robust incumbent regime (Kemp & Rip, 1998). 
In this study, niches represent HTUA initiatives that were established in Stockholm in recent years 
and its embedded values. Though these initiatives are at different stage of development and different 
orientations, they have overlapping approaches and values and then are identified as niches according 
to three aspects: 1) innovation and technology; 2) circularity; 3) alternative value chains. 

In this study, identified HTUA initiatives in Stockholm adopts soilless system, namely hydroponic 
and aquaponic, in an indoor controlled environment with the dependency on automation. Related 
technologies consist of growth light, solution recipe, closed-loop system, monitoring and censoring 
equipment, and data collection and storage for optimization of the controlled environment. 
Furthermore, few of them combine hydroponic with vertical farming which allows the higher yields 
than conventional farming methods. 

Based on the novel innovation and technology, circularity is at the core of their business, which is 
not only limited to resource use for cultivating but also the use of infrastructure and space. For 
example, Company C uses water pumping mechanisms to circulate the treated fish waste and 
beneficial bacteria to the water where the vegetables grow in and Company D use recyclable materials 
for their installations. Furthermore, with closed-loop system and solution recipe, the nutrient use can 
achieve higher efficiency. Moreover, they use existing disused space, reuse containers, and redesign 
the use of indoor environment to optimize the use of urban space. 

The alternative value chains are associated with the motives of initiating high-tech urban agriculture. 
According to the previous analysis, the main motives behind these initiatives derive from four 
aspects: 1) promote sustainable food system; 2) encourage local food system and reduce imports; 3) 
improve food security; 4) acknowledgement of the Stockholm as an ideal environment for developing 
high-tech urban agriculture initiatives. Therefore, in accordance with these motives, they translate 
them into the alternative value chain that they hope to create. A sustainable food system is expected 
to be created with innovation and technology. Meanwhile, the HTUA initiatives are anticipated to 
decentralize the food system and reduce imports by establishing more local systems and creating 
direct dialogues between producers and consumers. The rise of REKO ring in Stockholm and Uppsala 
and the growing demand for sustainability locally grown products can be seen as opportunities for 
this niche. 

6.1.2 Regime 

Regimes represent mainstream institutions, beliefs, methods, technologies, rules and regulations for 
realizing essential economic and social functions (Kemp & Rip, 1998; Smith et al., 2005; Smith et al., 2010), 
which mainly consist of groups such as authorities, municipalities, universities, companies, and banks 
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(Ljungberg, 2020). Regimes are often regarded as locked-in and stable, which has potential to make it 
difficult for novel niches to develop and thrive (Geels, 2010; Smith et al., 2010). In this study, regimes refer 
to existing mainstream food production, the market, and the policies regarding the food system.  

Policy environment in Sweden and Stockholm plays a huge part in shaping the regime for developing HTUA 
in Stockholm. As demonstrated before, according to the studied policy documents, the policy environment 
for food system in Stockholm are associated with 7 strategies: 1) support sustainable food production; 2) 
increase locally grown and organic food; 3) encourage innovation and technology; 4) promote 
communication and influence; 5) establish effective rules and regulations; 6) generate employment in both 
urban and rural areas; 7) stimulate energy development. Meanwhile, the market in Stockholm have been 
experiencing the growth in organic product demand. Though the environment seems positive, however, the 
fact that how effectively the authorities put these strategies into practice remains a question and what aspect 
are overlooked requires more research. For example, the Swedish regulations in terms of circularity of food 
waste and fish feed is still unclear, which results in a grey area thus influencing the development of circular 
aquaponic system.  

Another concern is the difficulties in finding a place for placement of HTUA in the urban area due to the 
affordability and the fact that the state controls the usage of the land. The results also revealed that the 
government is not paying enough attention to HTUA. For example, the lack of regulations and restrictions 
about external prices that include environmental cost results in lower price competitiveness and the market 
for HTUA might encounter obstacles to scale up because of the labelling scheme which only acknowledges 
the products grown out of soil as organic and ecological product. Furthermore, the funding system is shown 
to be less friendly to the small companies which might hinder development of several niches as well. It is 
also shown that the partnership between niches and regimes is common in developing HTUA and is regarded 
as a helpful way to increase the research in this sector. To further stimulate the development, the awareness 
towards sustainability and HTUA at this level is expected to be enhanced so that more customers would be 
willing to try the HTUA products that they are not familiar with. 

6.1.3 Landscape 

Landscape refers to the external context where regimes and niches can interact with each other, such as 
global policy environment, economic development, climate change, globalization, urbanization, and 
demographic change (Geels, 2002; Smith et al., 2010). The global food system accounts for up to 30% of 
all human-caused GHG emissions which originates mainly from primary food production stage (Garnett et 
al., 2016). As a consequence, the climate change will be stimulated and in return influence not only global 
food system but also other aspects in environmental, economic, and social dimensions (Myers et al., 2017). 
Along with the current global trends like growing population and urbanization, how to meet the food 
demand for urban residents in a sustainable manner has been becoming a pressing issue. On a global level, 
UN SDGs are used as a framework for countries to develop strategies that contribute to sustainable 
development in different sectors, same as EU food policy which aims to deliver balanced and sufficient 
diets for EU citizens, reduce the negative environmental impacts of the EU food system, create a competitive 
and inclusive EU agri-food sector, and be conducive to social equity and global food security. Furthermore, 
the outbreak of Covid-19 not only concerned the current food system and revealed its vulnerability but also 
stressed HTUA initiatives as well.  

6.1.4 The interaction between different levels  

According to MLP, the interaction within or between different levels, namely niches, regimes, and 
landscapes, results in the transitions which are also defined as regime shifts (Geels & Schot, 2007; 
Geels, 2010). Regime shifts mainly derive from the dynamic between niches and regimes while the 
pressure from landscape can be the motive as well (Geels & Schot, 2007; Whitmarsh, 2012; 
Jørgensen, 2012). In this study, the external context from landscape level creates windows of 
opportunities for the emergence of radical innovations at niche level and stimulate regime level to 
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respond to the dynamics which might encourage them to consider niche innovations (Smith et al., 
2010). Specifically, global trends like the climate change, growing population, and urbanization call 
for a change in existing system to realize a sustainable food system that can improve food security 
in urban areas. To correspond with this, actors form niche level aim to develop HTUA in Stockholm 
and Swedish government have developed certain strategies in relation to promote sustainable food 
system as well. The results have shown that there exists overlapping approaches and values between 
these levels in food sector in Stockholm, which can contribute to synergies and drive them towards 
a sustainability transition. However, challenges are observed as well, particularly from the regime 
level, such as policies and regulations which may not actively hinder the development of HTUA but 
are not creating enough space for it to grow, stabilize, and thrive in Stockholm either. Furthermore, 
the interaction between niches, for example, the collaboration between companies, is considered as 
an approach to support each other, to broaden the influence and then impose pressure on the regime 
level.  

6.2 Opportunities and challenges for developing high-tech 

urban agriculture in Stockholm 

Food system is associated with environmental, economic, and social aspects and encompasses 
stakeholders from local, regional, and global level. Therefore, to gain a better understanding of the 
activities and outcomes of the food system, it is important to learn the interactions among different 
aspects and stakeholders. In this way, comprehensive strategies can be developed for realizing a 
sustainable food system and assessing a potential alternative in a holistic way. This study focused on 
identifying what factors can influence high-tech urban agriculture initiatives. According to previous 
research and the findings from this study, three main aspects are identified, in relation to exploring 
the opportunities and challenges for developing HTUA in Stockholm. They are external context, 
policy environment, and communication and influence, which are interconnected and will be 
elaborated in the following discussion. 

6.2.1 External context 

External context refers to the condition of the environment that the food system operates within, 
which is not limited to global level but also regional and local level. It represents global trends, 
external shock, and the environmental factors of the studied area. As mentioned in the first section, 
due to the growing population, and urbanization, along with the fact that global food system 
contributes up to 30% of anthropogenic GHG emission which will accelerate climate change and then 
in return affect food system, a sustainable food system with reduced environmental impact that could 
meet the food demand in the urban areas is in need. Other than the global trends, Swedish food system 
has revealed its vulnerability when facing with the external shock such as drought and calls for 
sustainable approaches to enhance its resilience. Besides, Sweden has unique climatic condition that 
results in the limited growing season because of low temperature. Furthermore, it is shown that the 
amount of average area of farmland in Sweden is very low. Though the corresponding number of 
which in Stockholm is above the average in Sweden, it is still much lower than the average in EU. 
Meanwhile, the food consumption in Sweden has been experiencing a rise, especially the 
consumption of vegetables. Thus, it can be seen that Swedish food production is in need for either 
higher yields or an increase in the area of farmland to meet the increasing demand. Therefore, 
combining the global need for a sustainable food system and the Swedish context, HTUA provides a 
potential solution to these problems and to contribute to a sustainable food system that mitigate 
climate change and to enhance productivity. It is also worthy of noting that Stockholm is regarded as 
one of the global leading tech hubs, which provides a beneficial environment to enable the 
development of HTUA in Stockholm. 
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6.2.2 Policy environment 

Policy contexts is an important factor to be considered to understand how transition can occur at 
niche and regime level, which is corresponding to local and regional scales (Balvanera et al., 2017). 
Governance process can be viewed as an independent actor that influences the sustainability 
transition and policy can be seen as a tool to achieve sustainable food system by providing common 
guidelines to different stakeholders (Smith et al., 2005; Tälle et al., 2019). On a broader scale, UN 
SDGs and EU policy can be used as a framework for Swedish government to develop strategies that 
contribute to transformation for sustainable development. For example, Environmental Programme 
for Stockholm City 2020 – 2023 (2020) have developed seven priority goals for Stockholm’s 
environment and each of them is further explained that how they contribute to different SDGs. 
Furthermore, the fact that how each goal contributes to the different goals from Swedish 
environmental objectives (2018) is also elaborated in the document. Therefore, it can be concluded 
that Stockholm aims to take a responsible role for the greater influence on national and global level. 
According to the analysis result from the five selected policy documents, seven main priorities that 
are related to the shape of policy environment for food system in Stockholm are identified, which are 
sustainable food production, increasing locally grown and organic food, innovation and technology, 
communication and influence, rules and regulations, generate employment in both urban and rural 
areas, and energy development. It is shown that there exist synergies between these priorities and the 
characteristics of the HTUA. To elaborate on this, HTUA initiatives adopt advanced technologies to 
develop a sustainable food production from an innovative perspective and aim to promote local food 
system by shortening the supply chain. Though it is concluded that policy environment in Stockholm 
is seen as positive for developing HTUA due to the statements presented in the policy documents, 
which highlight the importance of enhancing internal and external communication, and establishing 
more supportive rules and regulations, the fact that how they are translated into practice and how 
effective the process is are unclear. According to the collected data, there is a consensus among the 
people who work within HTUA that though policy environment is not actively hindering the 
development of their projects, government is not paying enough attention to HTUA and could always 
be more supportive in various ways to stimulate the development. It is shown that different initiatives 
have same concerns and expectations in terms of the governance while they also have encountered 
or are currently facing with different challenges due to the technology and business type.  

The main common concerns are in relation to the price, the usage of space, the funding, the labelling 
scheme, and the awareness towards the HTUA. The high cost from the operation results in higher 
sale price reduces their competitiveness in the market, comparing to products from mass production. 
Meanwhile, due to the soilless system, their products cannot be certified as organic or ecological 
products which make them less attractive to consumers with the similar price. It can be seen that 
HTUA produce is left in a grey area. To tackle this problem, more regulations and restrictions 
regarding the external price can be used as a tool to externalize the environmental cost engendered 
by the supply chain of the products. Though it is possible to reduce the price through mass production, 
it takes long time for them to develop, and more urban space is needed to reach higher yields. As 
mentioned in the analysis section, urban space is not affordable to most urban agriculture initiative. 
One proposed solution to this is to make large unused spaces available at commercial rates that are 
lower than the usual. There is no denying that Stockholm enables a friendly environment for start-
ups with some governmental agencies, such as Almi and Vinnova, the procedure of some is seen as 
time-consuming and not friendly to the projects that do not have enough capitals to initiate 
collaborations for a research topic. Furthermore, acquiring more funding after the initial stage would 
be tricky. Hence, it can be beneficial if the government could help reduce the risk for the HTUA 
projects that are not profitable currently but promising for solving future societal and environmental 
challenges so that they could develop. To achieve this, the government should pay more attention to 
HTUA and translate this attention to policies. For example, regarding circular aquaponic system, the 
Swedish regulations in terms of circularity of food waste and fish feed is unclear, which results in a 
grey area thus influencing the development of circular aquaponic system. This example also indicates 
that the policy makers should equip themselves with enough knowledge regarding different 
technological systems so that they could develop concrete strategies, policies, and tools. It is 
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suggested that governance can influence or guide socio-technical regime transformation through 
following ways: 1) creation of new knowledge; 2) influence over the direction of search processes 
among users and suppliers of technology; 3) supply of resources; 4) creation of positive external 
economics; 5) formation of markets (Jacobsson & Johnson, 2000; Smith et al., 2005). Another hotspot 
derives from the energy consumption within HTUA. However, with the easier access to renewable 
energy in Sweden and the ambition to achieve fossil-free by 2040 in Stockholm, there is a reason to 
believe that the cleaner energy development can be stimulated, which can be seen as an opportunity 
for developing HTUA in Stockholm, rather than a challenge. 

6.2.3 Communication and influence 

Communication and influence are seen as both challenges and opportunities for developing HTUA 
in Stockholm. Communication can occur in different ways externally and internally so that they could 
have broader influence. The underlying reason for communication and influence is to raise public 
awareness towards agriculture, food, and novel alternatives. Results from the literature review show 
that the consumers in Sweden are generally more aware of sustainability issues and societal 
challenges and interview results indicate that there exists lack of knowledge towards HTUA and its 
positive sides. According to the results from literature review, one of the reasons can be that Swedish 
consumers consider transportation, packaging, and waste as their main concerns in terms of climate 
impact but overlook the impact from food production and their consumption. As a consequence, the 
knowledge gap between the producers and consumers makes it tricky for HTUA to reach the broader 
market, which aligns with the empirical data. According to Peschel et al. (2016), subjective 
knowledge of consumers can have greater influence in their decisions regarding the choices of 
environmentally sustainable food than the objective knowledge. Therefore, it is crucial for the 
business to develop better communication strategies to inform the public about the impact from 
conventional food production and the added value of their produces comparing to others. In this way, 
improved knowledge and enhanced awareness can help increase the acceptance of food products that 
are seen as novel alternatives to the consumers (Tälle et al., 2019). Based on the literature and 
empirical results, there are several potential ways to tackle communicative challenges and have 
enhance influence. Different kinds of partnership can play a crucial role in bridging the gap between 
different stakeholders and even stimulate the development. The partnership between initiatives can 
support each other and impose pressure on the incumbent regime. A broader impact can thus be 
created with collective action. Meanwhile, the partnership between companies and actors from 
regime level, such as government, research institutions, and universities, can help to develop 
networks and mutual understanding so that they could provide further support in business and 
research area. According to Thomaier et al. (2015), public access like site visits to the vertical farms can 
help to increase their knowledge and involve them in these projects, which can be adopted by HTUA to 
achiever similar objectives. Through the collected data, all the interviewees offer this service and two of 
which expressed that when people actually get involved and knew more about their projects, they showed 
more interests and became more supportive while the problem is how to find the networks to initiate the 
interaction. Furthermore, this approach is becoming tricky due to the COVID-19 outbreak. It is also worth 
noting that one of the interviewees saw her product (the Loop) as a showcase of the HTUA to educate more 
people with more HTUA related knowledge and nurture the environment for developing HTUA in the long 
run. Current labelling system also failed to communicate the embedded value of HTUA products effectively. 

Despite these communicative challenges, the opportunities derive from them as well. To elaborate 
on this, few interviewees view knowledge gap as a selling point to develop their brand and a good 
opportunity to build closer relationship with customers and other stakeholders. Besides, Swedish 
policies highlight the role of business in helping shape public opinion and foster an understanding of 
the need for positive changes to mitigate environmental impacts engendered by human activities. 
Nevertheless, local and national government and policy makers should also take more responsibility 
in improving communication and influence though initiating campaigns and establishing regulations. 
Furthermore, the future research should be effectively communicated to policy makers and the public 
as they both play a crucial role in influencing the development of HTUA in Stockholm and whole 
Sweden (Tälle et al., 2019).  
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Last but not least, external context, policy environment, and communication and influence are 
independent factors but also interconnected. They can constrain but also support each other. 
Therefore, to recognize the challenges and opportunities for developing HTUA in Stockholm, it is 
important to understand them individually as well as collectively. 

6.3 Envision a food system with high-tech urban agriculture 

The rapid population growth calls for higher yields to meet the increasing food demand. However, 
current agricultural activities have been acting as great contributors to several sustainability 
challenges in environmental, economic, and social dimensions. To increase productivity, the 
excessive use of chemical inputs, heavy mechanization, and deforestation result in growing GHG 
emission, soil erosion, lands degradation, and biodiversity loss. Other than environmental impacts, 
they also affect food security, human health, and work opportunities. Furthermore, those impacts will 
further, in turn, stress the food system and create a vicious cycle. Along with the urbanization and 
lack of arable land, especially in Sweden, an alternative food system that contributes to a 
sustainability transition towards a sustainable food system is needed.  

HTUA adopts advanced technologies to create a controlled environment for the production, including 
growth lights, censoring and monitoring equipment, circular water system, and solution recipes. 
Therefore, an optimum growing condition is created to achieve higher productivity with efficient use 
of resources and space. Furthermore, pesticide use can be minimized or even eliminated, and soil-
related cultivation problems can be avoided. With a shorter supply chain, not only transportation can 
be reduced, but also the issues regarding food loss and nutrition loss will be improved. As a result, 
reduced GHG emission can contribute to climate change mitigation and food security can be 
enhanced as well. Furthermore, a local food system can be developed and thus building close 
relationship between the producers and consumers. Finally, they can also provide education service 
and raise public awareness towards sustainable food system. Despite the concerns in terms of high 
energy consumption, Sweden provides an environment with easier access to renewable energy and 
Sweden policies put renewable energy development as one of the main priorities. Overall, HTUA has 
potential to create a resilient food system and be a part of the solution to tackle these sustainability 
challenges in Sweden.  

6.4 Limitations 

The first limitation of this study derives from the scope of the study itself. The fact that chosen study 
cases are all located within the same context implies that the findings from this study are most likely 
to be relevant to Sweden, particularly in Stockholm. Other than the geographically reason, the 
participants of this study are limited to the ones who have strong awareness towards sustainable food 
system and who already believe that HTUA is a solution to sustainability challenges and can drive 
the sustainability transition. Meanwhile, due to the novelty of HTUA and the schedule of the potential 
participants, the selection range of the project and the number of participants is also limited. As 
mentioned in previous section, one of the interview was completed through E-mail, which was less 
flexible and with less extra insights than the ones conducted through calls. Therefore, their answers 
cannot represent the general view regarding the role of HTUA in Sweden. As mentioned before, this 
study adopted an exploratory approach to explore the opportunities and challenges for developing 
HTUA in Sweden, and which is mainly conducted from the perspective of producers due to the 
availability and time constraint.  

It is acknowledged that chances are that there exists subjectivity bias in this study. The bias could 
originate from the ambiguities and misinterpretation of the interview results. According to Robson (2011), 
the data accuracy could be affected by the traits of the interviewees since their answer could be dependent 
on their own experience and personality. For example, they might overestimate the positive sides of the 
HTUA but underestimate the negative sides of it, such as other social-economic aspects like labor markets, 
inequality, the fact that how it would affect global system regarding trades, etc., which is also a limitation 
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originated from the MLP theory (Geels. 2019). 

6.5 Suggestion for further research 

On the basis of the limitations mentioned above, further research is in need to expand the findings 
from this study and include more perspective into this field of research. The perspective of consumers 
acts as a critical role in developing HTUA as well as other stakeholders, such as retailers, farmers in 
rural areas, and business interests in conventional farming, which is mentioned but not elaborated in 
this study and requires further research to develop a more holistic view of the opportunities and 
challenges for developing HTUA in a specific context. Besides, it could be helpful to recognize the 
socio-economic impact that could be caused by dynamic change within the food system at local, 
regional, and global level, such as global trade, and employment in urban and rural areas. The 
empirical data also revealed that the HTUA calls for more research within itself as well. For example, 
how to improve the life cycle of the HTUA, how to use energy more efficiently, and how its 
sustainability performance is comparing to other farming methods are of producers’ interests. 
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7 Conclusion 

It is evident that Sweden calls for a sustainability transition towards a more sustainable food system, 
which is revealed by the studied national and regional policy documents. The emergence of HTUA 
presents a potential to contribute to this transformation. Nevertheless, a few challenges and 
opportunities for developing HTUA are identified, which are associated with external context, policy 
environment, and communication and influence.  

The findings from this study indicated that the external context provides a landscape that stress 
regimes and niches in Sweden to respond. Therefore, HTUA, as a novel alternative, can be regarded 
as a potential opportunity to solve the sustainability challenges identified from the external context. 
It is also shown that the characteristics of HTUA initiatives and the priorities within the Swedish 
policy environment have overlapping traits, for instance, sustainable food production, locally grown 
food, innovation and technology, and energy development, which can be seen as a good opportunity 
for HTUA to nurture.  However, though rules and regulations, and communication and influence are 
highlighted in Swedish policies for promoting sustainable food system, the findings indicate that they 
are not effectively translated into practice with concrete strategies and action plans, especially not 
towards HTUA and its related technological systems. As a result, it makes it difficult for HTUA 
initiatives to scale up and reach broader market. Implementing more strict restrictions and regulations 
on the external price, providing an easier access to urban space, simplifying the procedure for the 
financial support, and raising public awareness towards HTUA are suggested as means to reduce the 
risk present in initiating HTUA and encourage its development. Moreover, policy makers could pay 
more attention to HTUA and first equip themselves with HTUA-related knowledge so that they could 
develop more concrete strategies towards HTUA and build up suitable networks. It is also stated that 
collaborations and partnerships between different stakeholders from multiple levels or with the same 
level can be beneficial to bridge the knowledge gap and influence the developing of HTUA in the 
long term. However, further research is still required to understand the potential of HTUA in the 
transformation towards a sustainable food system. 
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Appendix 1. Interview questions for the company guided by 
multi-level perspective theory 

1. How long has it been since this initiative started? 
2. May I ask what is your role in this project? 
3. What are the main driving forces for your project? (socio-economic, environmental) 
4. Type of business? (Production, showcase, events, R&D, in-store farming, educational) Main 
activities? (Provide service or products or multifunctional?) 
5. (As a start-up) How do you think Stockholm as an environment for the development of your 
project? 
6. How do you choose location for the farm? 
7. What kind of technologies are you mainly using?  
8. How would you interpret sustainable food system? 
9. What stages of the food system is your project involved in (infrastructure, production, processing, 
distribution, consumption, waste management)? How do you think your project is contributing to the 
sustainable food system in these stages? 
10. What is your distribution area? Why?  
11. Within high-tech urban agriculture, what actants (human and nonhuman) that you would consider 
important to a support and sustain your project? 
12. How do you think of the energy consumption regarding the project? 
Would you say energy/technology plays a huge part in the operation?  
13. Have you experienced any challenges during different stages of the development regarding the 
policy?  
14. How supportive current policy is for high-tech urban agriculture? Any opportunities for 
collaboration? 
15. Have you received any support from authorities? If so, what are they?  
16. Do you think it is enough? If not? What kind of support you would like to have? And how would 
it help you to deal with the challenges for the development?  
17. What are your main products? plan to expand? Any challenge? 
18. From your perspective, what is the value of your product? Any added value? Any loss in the 
value? How competitive it is comparing to other products? 
19. What’s your targeting market?   
20. How do you feel about the current and potential market for high-tech agriculture in Stockholm? 
21. Any barriers to enter the market or achieve your targeting market? 
22. Any other forms of collaboration that help you develop your project, such as channel with 
consumers, easier access to market, especially targeting market? Which way you think is more 
helpful? What else would you think could be helpful? 
23. From your perspective and experience, currently what is important for the development of high-
tech urban agriculture in Stockholm? And which part you think should be enhanced to stimulate the 
development? 
24. What is your concern about the future of high-tech urban agriculture and your project? 
25. How do you envision your project in the future?  
 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


