
Master thesis in Sustainable Development 2018/32 

Examensarbete i Hållbar utveckling 

Vertical Farming Sustainability and 

Urban Implications 

Daniela Garcia-Caro Briceño

DEPARTMENT OF 

EARTH SCIENCES  

I N S T I T U T I O N E N  F Ö R  

G E O V E T E N S K A P E R  





 

                                                            Master thesis in Sustainable Development 2018/32 

Examensarbete i Hållbar utveckling 
 

 

 

 

 

 

 

 

 

 

 

                        Vertical Farming Sustainability and 

Urban Implications 

 

 

  
Daniela Garcia-Caro Briceño 

 

 

 

 

 

 

 

 

 

 

 

 

  Supervisor: Cecilia Mark-Herbert 

 Evaluator: Daniel Bergquist 



Copyright © Daniela Garcia-Caro Briceño, Published at Department of Earth Sciences, Uppsala 

University (www.geo.uu.se), Uppsala, 2018 



   ii 

Content 
1. INTRODUCTION .............................................................................................................................. 1 

1.1 PROBLEM FORMULATION ............................................................................................................... 1 
1.2 AIM ................................................................................................................................................. 2 
1.3 OUTLINE ......................................................................................................................................... 3 

2. METHODS ......................................................................................................................................... 4 
2.1 RESEARCH APPROACH AND DESIGN ............................................................................................... 4 
2.2 RESEARCH DELIMITATIONS ............................................................................................................ 4 

2.2.1 Methodological delimitations ................................................................................................. 4 
2.2.2 Theoretical delimitations ........................................................................................................ 5 
2.2.3 Empirical delimitations .......................................................................................................... 5 

2.3 EMPIRICAL DATA COLLECTION ..................................................................................................... 6 
2.3.1 Secondary data: literature review .......................................................................................... 6 
2.3.2 Primary data collection .......................................................................................................... 7 

2.4 ANALYSIS OF EMPIRICAL DATA ..................................................................................................... 7 
2.4.1 Emergy synthesis .................................................................................................................... 7 
2.4.2 Emergy indices and ratios ...................................................................................................... 9 

2.5 THEORETICAL AND CONCEPTUAL FRAMEWORK IDENTIFICATION ............................................... 10 
2.6 QUALITY ASSURANCE .................................................................................................................. 11 
2.7 ETHICS .......................................................................................................................................... 13 

3. THEORETICAL FRAMEWORK ................................................................................................. 14 
3.1 SYSTEMS THEORY ........................................................................................................................ 14 
3.2 EMERGY THEORY ......................................................................................................................... 17 
3.3 URBAN POLITICAL AGROECOLOGY – A CONCEPTUAL FRAMEWORK ........................................... 19 

4. EMPIRICAL BACKGROUND ...................................................................................................... 23 
4.1 URBAN SUSTAINABILITY AND URBANIZATION TRENDS ............................................................... 23 
4.2 URBAN AGRICULTURE AND VERTICAL FARMING ......................................................................... 26 
4.3 FOOD SECURITY VS. FOOD SOVEREIGNTY .................................................................................... 33 

5. EMPIRICAL RESULTS ................................................................................................................. 36 
5.1 LEAN EMERGY SYNTHESIS .......................................................................................................... 36 
5.2 VERTICAL FARMING IN UPPSALA: THE URBAN PLANNER PERSPECTIVE ...................................... 41 

6. ANALYSIS ....................................................................................................................................... 44 
6.1 LEAN EMERGY ANALYSIS ............................................................................................................. 44 
6.2 FRAMEWORK FOR URBAN FOOD SOVEREIGNTY ........................................................................... 45 

6.2.1 Critique of dominant ideology .............................................................................................. 45 
6.2.2 Equity ................................................................................................................................... 45 
6.2.3 Ecology ................................................................................................................................. 48 
6.2.4 Politics .................................................................................................................................. 49 

7. DISCUSSION ................................................................................................................................... 51 
7.1 VERTICAL FARMING SUSTAINABILITY AND CONTRIBUTIONS TO URBAN METABOLISMS ............ 51 
7.2 TOWARDS AN INTEGRATED AGRO-URBAN SYSTEM ..................................................................... 52 

8. CONCLUSIONS .............................................................................................................................. 54 
9. ACKNOWLEDGMENTS ............................................................................................................... 55 
10. REFERENCES ............................................................................................................................... 56 
APPENDICES ...................................................................................................................................... 70 

APPENDIX A: INTERVIEW GUIDE ........................................................................................................ 70 
APPENDIX B: URBAN SUSTAINABILITY TERMS .................................................................................. 71 
APPENDIX C: ADDITIONAL FOOD SECURITY INFORMATION ............................................................. 75 
APPENDIX D: EMERGY INPUTS, UEVS AND GEB RATIOS ................................................................. 79 



iii 

Abbreviations
%Ren Percent renewable index 
CEA Controlled environment agriculture 
CSA Community supported agriculture 
DWC Deep-water culture 
EIR Emergy investment ratio 
ELR Environmental loading ratio 
ESI Emergy sustainability index 

EYR Emergy yield ratio 
FAO Food and Agriculture Organization of the United Nations 
FIES Food insecurity experience scale 
GEB Geobiosphere emergy baseline 
GHG Greenhouse gases 
ICLEI International Council for Local Environmental Initiatives 
LCA Life cycle analysis 
LED Light emitting diode 
Mha Mega hectares 
NFT Nutrient film technique 
PoU Prevalence of undernourishment 
sej Solar emjoules 
UA Urban agriculture 

UEA Uncontrolled environment agriculture 
UEV Unit emergy value 
UPE Urban political ecology 
VF Vertical farming 

WHO World health organization 

Key concepts 

Emergy Ch. 2.4 
Ch. 3.2 

An environmental accounting tool, used to evaluate quality 
of resources in the dynamics of complex systems (Odum, 
1996) 

Food security Ch. 4.3 “Food security exists when all people, at all times, have 
physical, social and economic access to sufficient, safe and 
nutritious food that meets their dietary needs and food 
preferences for an active and healthy life” (FAO, 2017b:6) 

Systems theory Ch. 3.1 A theoretical perspective for studying entities or objects 
with the purpose of providing a better understanding and a 
more purposeful analysis of those entities or objects being 
studied (Dekker, 2017:5-6). 

Vertical Farming Ch. 4.2 An agricultural technique involving large-scale food 
production that enables fast growth and planned production 
by controlling environmental conditions and nutrient 
solutions to crops using cutting-edge greenhouse methods 
and technologies (Abel, 2010; Banerjee & Adenaeuer, 2014; 
Despommier, 2010, 2011) 



   iv 

List of figures 
Figure 1. Systems diagram symbols (adapted from Odum, 1996:5). ................................................................ 8	
Figure 2. Food system map shows the interconnectedness of food and urban systems, which are both 

affected by environmental, economic and socio-cultural processes (Internet: shiftN, 2016). ................ 15	
Figure 3. Odum's basic ecosystem organization diagram (adapted from Odum, 1996:22). ............................ 16	
Figure 4. Typical transformities adapted from Odum & Odum (2008:9) ........................................................ 18	
Figure 5. A conceptual framework: urban political agroecology. ................................................................... 21	
Figure 6. Sustainability tripartite venn diagram (Elkington, 1998; adapted from Caradonna, 2014:8) .......... 23	
Figure 7. The development of twelve city categories over time show a spike in research focused on 

sustainable cities and an emphasis on technocratic alternatives (frequency in Scopus articles) (de 
Jong et al. 2015:29) ................................................................................................................................. 24	

Figure 8. Vertical Farm X system diagram ...................................................................................................... 39	
Figure 9. Proposed framework for VF analysis via food sovereignty lens ...................................................... 45	
Figure 10. VF contribution to food security .................................................................................................... 47	
Figure 11. VF contribution to food sovereignty .............................................................................................. 47	
 

List of tables 
Table 1. Interviews overview ............................................................................................................................. 7	
Table 2. Emergy evaluation procedure (data from Brown &Ulgiati, 2004a) .................................................... 8	
Table 3. Emergy Indices (data from Brown & Ulgiati, 1997; 2004b) ............................................................. 10	
Table 4. Techniques for establishing quality and reliability ............................................................................ 12	
Table 5. Emergy Analysis Pros and Cons (data from Amaral et al., 2016:886-887) ...................................... 19	
Table 6. Summary of UA methods adapted from Game & Primus (2015) (Data retrieved from Germer 

et al., 2011; Thormaier, 2014; Despommier, 2013; Despommier, 2011; Specht et al., 2014; 
Veenhuizen, 2006) .................................................................................................................................. 27	

Table 7. Urban agriculture benefits .................................................................................................................. 28	
Table 8. Vertical Farming Methods adapted from Al-Kodmany, 2018:7 (additional information from 

Storey, 2015) ........................................................................................................................................... 29	
Table 9. Vertical farming challenges (data from Al-Kodmany, 2018; Kalantari et al. 2018) ......................... 31	
Table 10. Reported benefits of vertical farming (data from Al-Kodmany, 2018; Kalantari et al. 2018) ........ 32	
Table 11. Potential case study candidates & correspondence .......................................................................... 37	
Table 12. Vertical vs. Conventional farming (adapted from VerticalFarmX.com, 2018) ............................... 38	
Table 13. Emergy indices estimates (derived from diagram and personal comms.) ....................................... 40	
Table 14. Frequency of most common terms for sustainable cities (data from de Jong et al., 2015)Error! Bookmark not defined.	
Table 15. Nutrition Indicators (data from Types of Malnutrition, 2009 & FAO et al., 2017:14-21) .............. 75	
Table 16. Inputs into different processes for Vertical Farm X ........................................................................ 79	
Table 17. Lean emergy UEV table (system diagram aid) ................................................................................ 80	

 
  



v 

Vertical Farming Sustainability and Urban Implications 

DANIELA GARCIA-CARO BRICEÑO 

Garcia-Caro Briceño, D., 2018: Vertical Farming Sustainability and Urban Implications. Master thesis 
in Sustainable Development at Uppsala University, No. 2018/32, 80 pp, 30 ECTS/hp   

Abstract:  

Meeting current and future demands for food is one of the biggest problems facing the world today. Despite the 
positive correlation that exists between food production and urban food demand, food systems remain separate 
and excluded from cities. Vertical farming has been proposed as a solution projected to address these issues in a 
sustainable way. This study aims to determine the sustainability of a vertical farm operation and its perceived 
value to food security and urban systems. This study implements a qualitative approach and case study research 
design useful for small, applied research studies, where data is collected via a literature review, emails, and semi-
structured interviews. Systems theory is used to frame the phenomena at hand since it allows for a holistic 
systems view, and the study’s results are analyzed using emergy theory and a conceptual framework based on 
urban political agroecology. A vertical farm was selected as the focus of the case study, with the vertical farm 
sustainability serving as this study’s unit of analysis. Contrary to existing information, the results indicate that 
the vertical farm studied is unsustainable due to its dependence on imported resources. Additionally, an 
assessment of vertical farm impacts through a conceptual framework on urban political agroecology determined 
that vertical farming is incompatible with agroecological principle, provides few positive impacts to urban 
systems, and makes most of its contributions to urban food security rather than food sovereignty. For the 
sustainable development of vertical farms and urban systems, emergy theory stresses that inputs into the system 
must be local renewable inputs (i.e. natural inputs located within the system boundaries), and that successful 
systems should create and implement reinforcing feedbacks. Nonetheless, vertical farming systems are quite 
immature and carry great potential for change; this study presents recommendations for vertical farming systems 
reorganizing more sustainably. 

Keywords: Emergy, Food sovereignty, Security, Sustainable development, Urbanization, Urban political 
agroecology 

Daniela Garcia-Caro Briceño, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 
Uppsala, Sweden 
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Summary:  

Despite the amounts of food produced today, around one billion people per year continue to starve (FAO, 
2017a:5; Holt-Giménez et al., 2012:5) and FAO estimates indicate increasing rates of hunger, food insecurity, 
and undernourishment (FAO et al., 2017). These trends are further exacerbated by the unsustainability of 
industrial food production (Ericksen, 2008:234-245; UNEP, 2014;), the projected population growth (Godfray et 
al., 2010) and drastic increases in demands for food, and a decrease in the availability of arable land, among 
other factors. Since the majority of the future population is expected to reside in cities (United Nations, 2014, 
2017), urban areas have been identified as key players in sustainable futures and development solutions. Despite 
the relationship between food production and food demand in cities, food systems remain excluded from urban 
areas. Vertical farming has been proposed as a solution that holistically addresses the issues plaguing our current 
food and urban systems. Therefore, this study aims to determine the sustainability of a vertical farm operation 
using a holistic systems approach in order to critically reflect on vertical farming’s perceived value to future food 
sovereignty and urban systems. In order to address this aim and guiding research questions, a vertical farm is 
analyzed as an example of integrative urban agriculture using a lean version of emergy analysis.  

The results indicate that the vertical farm system is considered unsustainable. This is detailed using emergy 
definitions of sustainability, which is based on the use of local, renewable resources (i.e. natural inputs located 
within the system boundaries). An urban political agroecology conceptual framework is also implemented in 
order to gauge vertical farming effects on urban metabolisms, specifically in its ability to increase urban food 
sovereignty, security, and system sustainability. Food sovereignty is inherent to urban political agroecology, so it 
was included in the framing of urban political agroecology for the analysis, which is characterized using four 
basic tenets (critique of ideology, equity, ecology, & politics). This analysis resulted in the identification of very 
few positive impacts to the urban system and the incompatibility of vertical farming with agroecological 
principles. Vertical farming made more notable contributions to food security, assessed using food security’s 
four pillars as a framework. In order to increase the sustainability of the systems (both urban and food), emergy 
suggests that systems source as many inputs as possible from local renewable resources, which would improve 
the system. Additionally, this study argues for the implementation of urban political agroecology as framework 
for sustainable urbanization that would result in a sustainable agro-urban system that frames its ‘development’ 
through political agroecological principles and food sovereignty. 

Keywords: Emergy, Food sovereignty, Security, Sustainable development, Urbanization, Urban political 
agroecology 

Daniela Garcia-Caro Briceño, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 
Uppsala, Sweden 



   1 

1. Introduction 
 
This chapter introduces key concepts and terms for this study and presents a brief background 
description that helps set up the phenomena being studied and the specific problems being addressed. 
An outline of the study is also presented. 

1.1 Problem formulation 
 
Food is essential for the survival of all living things; everything requires nutrition to grow, mature and 
evolve. This need is strongly juxtaposed by a food system that, albeit producing enough food to feed 
the world, lets close to one billion people starve (FAO, 2017a:5; Holt-Giménez et al., 2012:5). Despite 
the increases in knowledge and technological advances that food systems have experienced in the past, 
the number of undernourished people reached a staggering eight hundred and fifteen million in 2016 
(FAO et al., 2017:2-11). Estimates from the Food and Agriculture Organization of the United Nations 
(FAO) indicate that both the global prevalence of undernourishment (PoU1) and severe food insecurity 
are on the rise. The most recent PoU estimates stand at eleven percent, which depicts an increase in 
undernourishment since 2015 (FAO et al., 2017:5), and according to the FAO’s food insecurity 
experience scale (FIES), nearly one in ten people in the world, or 9.3 percent, suffer from severe food 
insecurity (FAO et al., 2017:11). 
 
While these numbers might depict a simple distribution problem, global food systems are full of 
complexity: even though they have led to certain improvements and benefits, such as increased yields 
(UNEP, 2014:11-13), long term storage of food products, decreased production costs, and year round 
availability of certain goods, food systems are characterized by a number of troubling elements present 
in both upstream aspects (production) and downstream phenomena (effects). Downstream phenomena, 
or agricultural effects on the environment, are the most noticed and visible of the pair. Of the fifteen 
billion hectares of land available worldwide, agriculture already utilizes more than thirty percent of it 
(UNEP, 2014:9). Since 1961, cropland conversion, a process that releases carbon dioxide and other 
greenhouse gases (GHG) into the environment (UNEP, 2014:10-11), has increased an estimated 
eleven percent (UNEP, 2014:9). This has highly affected and contributed to biodiversity loss, climate 
change, and deforestation, which has occurred on average at a rate of thirteen mega hectares (Mha) 
per year (UNEP, 2014:10-11). Industrial agriculture has also contributed to land degradation2, and its 
heavy use of synthetic fertilizers, which are major culprits of nutrient pollution that cause 
eutrophication of water bodies, further contributes to GHG emissions (UNEP, 2014:10-11). 
 
More relevant to this study however, are food systems’ upstream aspects: agricultural inputs and the 
way food is produced are crucial to food system sustainability (Garnett, 2014). Dependence on fossil 
fuels and other non-renewable resources, such as fertilizers and pesticides, due to their relative 
inexpensiveness has facilitated intensification of production and ‘increased yields’ (Cloke et al. 
2006:219). The application of nonrenewables compensates for agriculture’s interruptions to natural 
cycles (i.e. monoculture, spatial homogeneity, decline of biodiversity, etc.), resulting in increased 
productivity on the same amount of farming space. This dependence not only results in various kinds 
of pollution detrimental to the environment (Ericksen, 2008:234-245), it also signals instability from a 
production perspective; even water qualifies as nonrenewable in cases where its extraction rates 
exceed rates of replenishment (Taylor, 2014:179). This diminishing access to key resources (e.g. fossil 
fuels, fertilizers, water) in agricultural production reveals a system that is opportunistic and 
unsustainable in the long-term: as Cloke et al. (2006:219) explain, the systems’ lack of sustainability 
is masked and compensated for by nonrenewables. When combined, these issues will make it tougher 

                                                
1 The PoU is the internationally established indicator used to measure hunger and food insecurity 
2 Land degradation is defined as the “deterioration in environmental quality and losses in the resource 
potential and productive capacity of the land" (UNEP, 2014:10-11). 
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to produce greater quantities of food for a growing population, increasing the difficulty of eradicating 
malnutrition and starvation, and improving food security worldwide. 
 
Moreover, due to the positive correlation between food system issues and demand for food, which is 
dependent on human population size and dietary preferences (Deelstra & Girardet, 2000; Kearney, 
2010; Godfray et al., 2010), consumer demand has been identified as instrumental to the majority of 
these issues. By 2050, the global population is forecasted to reach 9.8 billion (United Nations, 2017:2), 
where sixty-six percent of this projection is expected to live in urban areas (United Nations, 2014:1). 
Large urban areas can be considered as the final point of convergence, or nexus, for resources, 
environmental services and human activities (Ascione et al., 2009:238). In comparison to rural 
environments, urban systems require greater environmental support (Ascione et al., 2009:238), 
promote diets with the highest environmental impacts (Kearney, 2010:2793–2807), and are 
responsible for the majority of global resource consumption (Huang, 2003:61). While cities occupy 
less than two percent of world’s land area (UN-Habitat, 2011:VI), they consume more than seventy-
five percent of its energy (unhabitat.org, 2018). Therefore, implementing measures at the city level 
that challenge current food systems and improve urban sustainability are time sensitive and necessary, 
and has led to a search for sustainable and alternative methods of urban food production (Bohn & 
Viljoen, 2011; Brock, 2008; Caplow, 2009; Deelstra & Girardet, 2000:43; Landert et al., 2017; 
Morgan, 2009; Pearson et al., 2010; Specht et al., 2013; van Ginkel, 2008:32-33). Since most negative 
agricultural aspects are heavily dependent on consumers in urban areas, a huge potential for cities to 
help alleviate these issues has been identified (Campbell, 2016; Landert et al., 2017; Morgan, 2009).  
 
Despite its importance to the issues previously described, and its importance within the ecology of 
cities, food production has remained excluded from urban planning until recently (Grewal & Grewal, 
2012:2). Vertical farming (VF), a controlled environment (CEA) type of urban agriculture (UA), has 
been proposed as a solution that addresses the issues plaguing current food and urban systems (Kasper 
et al., 2017:1010). This paper addresses the combination of these systems as agro-urban systems. 
These terms and concepts will be explained in further detail in chapter 4.2 (Urban agriculture and 
vertical farming). Vertical farming has risen to the forefront of the urban agriculture movement as a 
high tech solution to looming food security issues (defined further in chapter 4.3). This interest is 
attributed mostly to vertical farming’s perceived sustainability: greater yields per area compared to 
conventional agriculture, improved resource use and decreased detrimental environmental effects. 
Despite these claims, its dependence on energy intensive processes and imported inputs calls its 
sustainability into question. 

1.2 Aim 
 
The main objective of this study is to determine the sustainability of a vertical farm operation, using a 
holistic systems approach in order to critically reflect on vertical farming’s perceived value to future 
food security and agro-urban systems. Such an objective calls for an analytical method that 
acknowledges resource limits, can handle interactions on all biospheric levels, and addresses 
sustainability and equity aspects of development in their entirety (c.f. Alarcón et al 2008; see 
Bergquist, 2010:254). This study, therefore, aims to assess vertical farming food production utilizing 
emergy concepts and synthesis as a method of environmental accounting. Emergy can be considered 
the energy memory of something, and is a measure of past and present, direct and indirect inputs that 
create or maintain a product or service (Odum, 1996). Further explanation of these terms and concepts 
is presented more in depth in chapter 3.1 (Systems theory).  
 
The following research questions guide this study in order to fulfill the aim: 
 

From an emergy perspective, how sustainable is vertical farming?  
  
How does this type of food production contribute to the urban environment? 

 
The next section attempts to provide the reader with a clear overview of this study. 
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1.3 Outline 
 
Chapter 1 (Introduction) presents the problem formulation in order to create understanding for the 
research aim. It also presents the research questions guiding the study. 
 
Chapter 2 (Methods) describes the method, or “the recipe,” which accounts for all of the choices made 
for and during this study.  
 
Chapter 3 (Theoretical framework) follows, providing the reader with a clear view of the theoretical 
concepts selected, and the conceptual framework used to analyze the data and information collected 
during the study. 
 
Chapter 4 (Empirical background) provides the reader with important information necessary to 
understanding the empirics and subsequent analysis.  
 
Chapter 5 (Results) presents the empirical data collected through the emergy synthesis and interviews.  
 
Chapter 6 (Analysis) presents the analysis of the results utilizing the conceptual framework. 
 
Chapter 7 (Discussion) provides the discussion of the findings in the analysis (chapter 6). 
 
Lastly, chapter 8 (Conclusions) concludes the papers and presents suggestions for future research.  
 
The following chapter presents the methods and decision making present throughout the study.  
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2. Methods 
 
This chapter details the choices and methods taken in regards to this study. It begins by describing the 
research approach, presents the delimitations, methods of data collection and analysis, theoretical 
framework identification, and ends with quality assurances identified. 

2.1 Research approach and design 
 
The nature of the questions this paper addresses through a qualitative, constructivist research approach 
is exploratory. The qualitative aspect of this research approach lends strong importance to the context 
of the phenomena being studied, which resulted in the incorporation of a case study approach. 
According to Yin (2009:18), a case study is an empirical inquiry that investigates a contemporary 
phenomenon in depth and within its real-life context, especially when the boundaries between 
phenomenon and context are not clearly evident in order to understand the phenomenon and pertinent 
context in depth. While an argument could be made that the first research question is more deductive, 
the study overall is of flexible design and empirically driven, resulting in an inductive research 
approach that calls upon the openness and receptivity of the researcher.  Additionally, the researcher 
understands that the focus of this research is around a context-bound urban agriculture system and 
does not aim to generalize the findings of this study. Rather, the overall goal is to present information 
that leads to greater understanding of the studied phenomena, encouraging the study’s reproducibility. 
 
The case study focused primarily on answering ‘how’ questions (chapter 1.2), and was based on the emergy 
synthesis of a vertical farm operation that had been in operation for at least a year. The unit of analysis for this 
study was the sustainability of a vertical farm. Several factors guided the selection of a vertical farm operation as 
the focus of this case study. First, a list was created of existing vertical farms that stated potential for commercial 
operation. After revision, certain vertical farming systems developers were included because farm production 
data could still be obtained from any available pilot farms testing vertical farming technology. This list was then 
filtered on whether the potential units of analysis had been in operation for at least a year. This information was 
not clear on many websites visited, which led to correspondence from the farms stating an interest in the study 
but an inability to provide any data at the current moment. A total of nineteen emails were sent to potential units 
of analysis seeking participation: the majority did not reply, others could not participate due not having started 
actual production of crops or an inability to allocate time and resources, and a few perceived themselves not 
relevant to this particular study. After correspondence with potential operations, a vertical farm was selected. 
Due to the critical nature of this study, a decision was made to maintain the anonymity of the selected vertical 
farm, referred throughout the study as Vertical Farm X. Table 11, located in chapter 5.1 (Lean emergy synthesis), 
summarizes this information.  

The case study approach is not without faults and has been criticized of sloppiness, not following 
systematic procedures, and allowing equivocal evidence and biased views to influence the findings 
and conclusions of the research (Yin, 2009:14). Although the researcher is aware that no one can be 
truly objective, this study explains the methods employed as detailed and transparently as possible in 
efforts to present the results with as little bias as possible. This is explained further in chapter 2.6 
(Quality assurance). 

2.2 Research delimitations 

2.2.1 Methodological delimitations 
 
All data collection methods employed in this study were deemed important: the literature review gave 
a holistic view and background of the topics being studied, while the case study presented a method of 
data collection for an area that lacked previous research. With emergy as the exception, the majority of 
the literature reviewed included articles and books that date from 2010 onwards, an outcome of the 
high relevance and young nature of these research fields.  
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Emergy synthesis was selected over other kinds of assessments due to its ability to include human 
processes, such as labor, services, and information, and account for services it receives freely from the 
environment in its evaluation. This holistic overview is lacking from other methods of analysis (e.g. 
Embodied Energy Analysis, Exergy Analysis, Material Flow Accounting, Life Cycle Assessment, 
Ecological Footprint, and Societal Metabolism), which most often evaluate only non-renewable 
resources depending on what human technologies are able to extract from them, and do not account 
for the free services that a system receives from the environment (Brown & Ulgiati, 2004b:208). The 
researcher understands that this approach is not free of faults; this will be further expanded on in 
chapter 3.2 (Emergy theory). Because this study does not assess multiple case studies, replicate the 
case study using a different vertical farm, or strive for informational ‘saturation’ (Robson & 
McCartan, 2016:166), it does not aim to provide generalizable results. 

2.2.2 Theoretical delimitations 
 
In light of all possible theories to use for analysis, three specific theories were chosen: systems theory, 
emergy, and urban political agroecology. The chosen theories provide the best context for how topics 
are addressed in this study. Systems theory was implemented in order to holistically view vertical 
farming within an urban metabolism through the context of food security. In utilizing systems theory, 
a note should be made about the difficulty of tracing system boundaries, which could affect the results 
of the study. System functions and inputs change depending on how a system’s boundaries are 
delineated, which is important to emergy syntheses. In addition to its function as a tool, emergy is used 
conceptually during this study, supporting the analysis and any recommendations resulting from the 
lean emergy synthesis. Urban political agroecology was selected for this study using two related 
theories: urban political ecology and political agroecology. The combination of the two theories, 
explained further in chapter 3.3 (Urban political agroecology – a conceptual framework) provides 
complete relevance to the topics discussed during this study, despite it being a novel ideology. Its 
novelty implies that its principles are far from having a shared understanding and narrative, which 
could affect how the concept is viewed in the future.  

2.2.3 Empirical delimitations  
 
An interest in comparable sustainability of closed environment agriculture (CEA) to different urban 
agriculture (UA) methods of production and their potential impacts on urban sustainability drive this 
study. Due to the narrowed scope of this study, it focused on creating an emergy synthesis of one, not 
several, vertical farms. Even though there are a variety of vertical farm operations present today, the 
operation selected, Vertical Farm X, was done so due to its willingness to participate and share data 
with the researcher, in addition to meeting the requirements mentioned in chapter 2.1 (Research 
approach and design). This study’s implementation of emergy and emergy synthesis is conceptual (i.e. 
emphasis on theory): emergy calculations are omitted and emergy systems diagramming is prioritized. 
This is a result of data collection that allowed for a better understanding of vertical farming system 
sustainability, but was not sufficient for complete emergy accounting. This limited version of emergy 
synthesis, referred throughout this paper as a ‘lean emergy synthesis,’ functions in the same way as a 
complete emergy synthesis; system diagrams and emergy tables indicate the same results.  In other 
words, the lean emergy synthesis is a conceptual approach for estimating resource inputs and their 
relative distribution implemented for the purpose of making estimates and determining probability of 
system behavior. While the researcher acknowledges that lacking a completed emergy table does not 
grant the resulting emergy study absolute certainty, it does not detract from the contributions to 
knowledge made in the subsequent analysis, discussion, or conclusion. This limited albeit unique 
method is described further in chapter 2.4.1 (Emergy synthesis).  
 
While the study would have benefitted from the inclusion of a conventional (rural) farm as a 
benchmark, it could not be included in this study. A vertical farm was selected as the primary focus of 
study due to an increase in public interest regarding its capabilities and sustainability (Al-Kodmany, 
2018:2). This interest is illustrated in scientific articles and other published material, such as news 
articles and opinion pieces, found via electronic searches for ‘vertical farm.’ Much has been 
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speculated regarding these aspects of vertical farming and the validity of these claims fueled the 
researcher’s curiosity. In order to assess any potential contribution to urban sustainability, attempts 
were made to assess the most accurate representation of what a sustainable city entails. The terms and 
definitions for sustainable cities used today, however, are not definitive and overlap, so the term that 
was most accurate for this study was selected. Regarding empirics collected via interviews, the 
researcher acknowledges the limited interviewee pool for this study, which may give limited results 
applicable only to Uppsala municipality. Additional interviews could have been carried in order to 
extrapolate wider and more diverse data. 

2.3 Empirical Data Collection 
 
This section provides information on the kinds of data collected as well as the techniques employed 
for collecting the data.  

2.3.1 Secondary data: literature review 
 
In addition to compiling information on the topic of interest at hand, literature reviews fulfill various 
purposes. They expose gaps in the knowledge and principle areas of dispute and uncertainty; help 
identify patterns in findings from similar research; help explore explanations for discrepancies from 
conflicting findings; help define terminology; and help to identify research methodologies and 
instruments (Booth & Dixon-Woods, cited in Robson & McCartan, 2009:52). A literature review 
accomplishes these purposes by systemically identifying, locating, and analyzing documents, which 
can include articles, abstracts, reviews, monographs, dissertations, books, research reports, and 
electronic media, that contain information relevant to the research problem (Gay & Airasian, cited in 
Robson & McCartan, 2009:52).  
 
This literature review was carried out mainly for background information on key topics relevant to this 
study, but also for methodology familiarity and selection of theoretical and conceptual frameworks. It 
was based on articles collected through trusted academic libraries and databases, as well as 
international research institutes and organizations, such as FAO. This was adhered to in order to 
ensure that only scholarly articles were used, enhancing the credibility of the study. The databases that 
were most used included Google Scholar, JSTOR: Journal Storage, Scopus, SpringerLink, and the 
Uppsala University Library. These initial searches led to more detailed and specific searches. 
Additionally, many of the articles were found using the ‘recommended articles’ feature used by the 
databases, where lists of similar articles were provided. 
 
The literature review began by snowballing3 “Emergy of an Urban Food Production System: a Case 
Study of Urban Agriculture in Detroit, Michigan,” which focused on assessing the sustainability of a 
chosen system utilizing emergy synthesis. This thesis provided the initial reading list for this study, 
especially with regards to emergy and emergy synthesis. The literature that followed provided 
information on the phenomena being studied and the other factors taken into account: food security 
and sovereignty, current food production systems, population prospects and future urbanization, 
sustainable cities and urbanization, urban agriculture, agroecology, vertical farming, and emergy. 
Literature findings have revealed trends within research related to the phenomena mentioned. Searches 
for urban agriculture and food security tend to focus on ‘developing’ or industrializing parts of the 
world; very few studies focus on ‘developed’, or industrialized nations. Searches for agroecology 
provided a mix of both industrializing and industrialized countries showing an increasing interest in 
the topic, with studies focusing on translating agroecology in social practice research, other 
                                                
3 A sampling procedure may be defined as snowball sampling when the researcher accesses informants (in this 
case similar studies) through contact information that is provided by other informants (other studies). This 
process is, by necessity, repetitive: informants refer the researcher to other informants, who are contacted by the 
researcher and then refer her or him to yet other informants, and so on.  
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implementable policy recommendations, etc. Sustainable cities literature tends to revolve around smart 
city concepts and integration of ICT, or information and communication technology, into urban areas. 
Emergy studies have been found to take place mostly in China (Chen et al., 2017), concentrating 
around different Chinese systems of production (i.e. agriculture, animal husbandry) and city 
sustainability, and Italy.  

2.3.2 Primary data collection 
 
Primary data was collected directly from Vertical Farm X, primarily through direct email 
correspondence, and evaluated using emergy as a measure of both direct and indirect resources that 
support operation processes for food production. In order to assess Vertical Farm X’s sustainability, a 
lean emergy synthesis was carried out that facilitated the approximation of the operation’s emergy 
indices. 
 
Semi-structured interviews were selected due to the flexibility of their design, which allows for 
improvisation and follow-up during questioning (Robson & McCartan, 2016:285). Interviews were 
implemented as a method of data collection in order to capture the ‘how’ and ‘why’ aspects of 
sustainable urban food production, as well as effects that are not easily apparent from quantitative 
data, scientific articles, and written reports. Only two individuals (Table 1), both involved in urban 
planning, were interviewed due to a lack of response from other potential interviewees. 
 
Table 1. Interviews overview 

Interviewee Role Date Transcript sent Transcript validated 
Svante Guterstam Strategic Urban Planner 15-05-2018 26-07-2018 24-08-2018 
Linda Wallberg Landscape Engineer 24-05-2018 27-07-2018 29-08-2018 
 
The scope of the interviews was arranged thematically, and most of the questions asked were open, 
given that they provided no restrictions on how interviewees could respond and encouraged 
cooperation and rapport. The materials used for the interviews include an iPhone used for recording 
purposes and an interview guide, located in appendix A. The questions asked covered topics relevant 
to this study, and centered mainly on urban food production and urban sustainability. 

2.4 Analysis of empirical data 
 
Due to the amount and variety of data being reviewed in this study, content analysis has been 
implemented to analyze the empirics collected. A content analysis is generally defined as “a research 
technique for making replicable and valid inferences from texts (or other meaningful matter) to the 
contexts of their use” (Krippendorff, 2013:24). The content analysis, and subsequent relational 
analysis, implemented in this study looked for both concepts and terms relating to the larger issue a 
hand, and sought to create a relationship between them. Even though it is criticized for being too 
reductionist, there are various advantages to implementing a content analysis: it is an unobtrusive type 
of analysis, and the data used exists permanently, can be subjected to reanalysis, reliability checks, and 
can be used in replication studies (Robson & McCartan, 2016:357). A conceptual framework has been 
created in order to further analyze and categorize empirics collected throughout the study, which 
includes the results of the emergy analysis carried out on the vertical farm. 

2.4.1 Emergy synthesis 
 
As stated in chapter 1.2 (Aim), emergy measures all the work of both nature and humans in generating 
products and services (Odum, 1996:1). In contrast to accounting that measures available energy (e.g. 
potential energy in calories), emergy is a measure of the available energy that has already been used 
up to make products or services (Odum, 1996:2). When carrying out an emergy evaluation procedure, 
there are several steps that should be followed (Table 2). This evaluation process has been termed 
emergy synthesis (Brown & Ulgiati, 2004a:331). 
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Table 2. Emergy evaluation procedure (data from Brown &Ulgiati, 2004a) 

Step Procedure 

1 Create a systems diagram of the system being looked at. This diagram should include all flows of 
materials, energy, and labor. 

2 Create an emergy evaluation table. 

3 Fill in the emergy evaluation table and calculate the UEVs (explained further in chapter 3.2) of the 
products. 
 

4 Calculate the emergy indices, or ratios, that relate emergy flows to the corresponding system evaluation, 
or performance indicators, elaborated on in chapter 2.4.2 (Emergy indices and ratios). 

 
Emergy syntheses are composed of four steps: identifying the system boundary, internal and external 
processes, elements and connections; categorizing data, establishing emergy flows accounting, and 
selecting emergy indicators. Systems diagrams are important because they describe the system, its 
internal organization, and its inputs and outputs, and they clarify and define the system boundaries. 
Identified system boundaries are key for conducting the analysis because they define (i.e. limit) what 
is evaluated within the system (i.e. what is included in the system), and provide a visual representation 
of the inventory of the flows, processes, and storages key to the system being analyzed. More 
important to this study however, as well as the basis for the lean emergy synthesis, system boundaries 
define and delineate which resources are considered local renewable and which are imported, helping 
to visualize the assumptions behind emergy indices calculations. The systems diagram created for this 
study can be found in chapter 5.1 (Lean emergy synthesis). Diagramming is based on energy systems’ 
symbols (Figure 1) and rules, and components are connected with arrows that show system flows (e.g. 
material, energy, information, etc.) (Odum, 1996). Emergy system diagrams list items in order of size 
and turnover time from left to right (Odum, 1996:4). This means that components on the left of the 
diagram have lower emergy (i.e. less available energy has been used up to make a product or service) 
and smaller UEVs (chapter 3.2), than components on the right, which have higher emergy (i.e. more 
available energy has been used up to make a product or service) and larger UEVs (Ascione et al., 
2009). Adobe Illustrator was used to create the systems diagram. 
 

 
Figure 1. Systems diagram symbols (adapted from Odum, 1996:5). 
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Empirical data needed for the systems diagram was compiled via direct communication with the farm 
and through their website. For the lean emergy synthesis, while some are limited in their execution, all 
steps in the emergy evaluation procedure were followed: 
 

1 A systems diagram of the system was created; 
 

2 A list of the system inputs was created in the style of an emergy evaluation table with data 
collected directly from Vertical Farm X. For lean emergy synthesis, products of the system 
are not included within the “lean emergy evaluation table.”  

 
3 Filling in the emergy table and calculating UEVs for products is the step that is most 

adapted. Raw data for each input is not filled in; UEVs for system inputs were found and 
estimated according to existing emergy literature and studies in order to most accurately 
complete the systems diagram. Finding UEV’s for all inputs also helped solidify the 
placement of inputs and other components present in the system within the system diagram. 

 
4 Emergy indices, or ratios, were not calculated based on exact data but approximated based 

on the relative distribution of those resource inputs. Information on emergy indices are 
further elaborated on in chapter 2.4.2 (Emergy indices and ratios). 

 
UEVs for system inputs were estimated according to existing emergy literature and studies in order to 
most accurately complete the systems diagram. Indices and ratios were approximated for this study 
referencing the completed diagram, literature, other studies, and the researcher’s own knowledge in 
order to assess the vertical farm’s sustainability.  

2.4.2 Emergy indices and ratios 
 
Emergy indices and ratios can be calculated and used to evaluate the behavior of whole systems 
(Ulgiati et al., 1995:519), detecting points for improvement and allowing for exploration of alternative 
routes for development that could execute the same functions in more efficient and sustainable ways. 
Additionally, they are particularly useful when studying and comparing processes under human 
control, ‘where a sustainable pattern is not guaranteed and choices have to be supported by the careful 
consideration of many different parameters’ (Ulgiati et al., 1995:523). These indices (Table 3) are used 
to analyze the overall ‘load’ of the vertical farm on the environment, where load means use or 
consumption (Brown & Ulgiati, 1997:53): the greater the use of environmental resources, the greater 
the load on the environment. In order to determine sustainability of the system, as well as any areas 
that could contribute to improving it, emphasis is placed on the ESI and the %Ren. According to Liu et 
al., the sustainability is indicated by achieving large economic yield (not necessarily measured in 
monetary terms) while causing low environmental stress (2014:101), utilizing renewable resources, 
and incorporating recycling infrastructure to establish reinforcing feedback mechanisms that improve 
overall efficiency. 
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Table 3. Emergy Indices (data from Brown & Ulgiati, 1997; 2004b) 

Indices Expression Use 
Emergy investment 
ratio (EIR) 

F/(R+N) The ratio of emergy fed back from outside a system to the indigenous emergy 
inputs (both renewable and non- renewable). It evaluates if a process is a good 
user of the emergy that is invested, in comparison with alternatives.  

Emergy yield ratio 
(EYR) 

Y/F The ratio of the total emergy (local and imported) driving a process or system 
to the emergy imported. The ratio is a measure of the potential contribution of 
the process to the main economy, due to the exploitation of local resources. 
The lowest possible value of the EYR is 1, which indicates that a process 
delivers the same amount of emergy that was provided to drive it, and that it is 
unable to usefully exploit any local resource.  

Percent Renewable 
(%Ren) 

R/(R+N+F) The ratio of renewable emergy to total emergy use. In the long run, only 
processes with high %Ren are sustainable.  

Environmental 
Loading Ratio 
(ELR) 

(F+N)/R 
 

The ratio of nonrenewable and imported emergy use to renewable emergy use. 
It is an indicator of the pressure of a transformation process on the 
environment and can be considered a measure of ecosystem stress due to a 
production (transformation activity). The higher this ratio, the bigger the 
distance of the development from the natural process that could have 
developed locally. Low ELRs (around two or less) are indicative of relatively 
low environmental impacts (or processes that can use large areas of a local 
environment to ‘‘dilute impacts’’). ELRs between three and ten are indicative 
of moderate environmental impacts, while ELRs ranging from ten up to 
extremely high values indicate much higher environmental impacts due to 
large flows of concentrated nonrenewable emergy in a relatively small local 
environment 

Emergy 
Sustainability Index 
(ESI) 

EYR/ELR The ratio of the emergy yield ratio to the environmental loading ratio. It 
measures the potential contribution of a resource or process to the economy 
per unit of environmental loading. ESI’s lower than 1 appear to be indicative 
of consumer products or processes and those greater than 1 indicative of 
products that have net contributions to society without heavily affecting its 
environmental equilibrium. 

 
These values are captured by the ESI and the %Ren respectively. This concept can be applied to all 
kinds of systems, and has been used in research to explore the sustainability of both urban areas and 
urban agriculture (Beck et al., 2001; Bergquist 2010; Keena et al., 2018; Liu et al., 2014; Maassen, 
2017a, 2017b; Martin et al., 2006; Rydberg & Haden, 2006; Viglia et al., 2017; Yang et al., 2014). 
This research is used throughout the study in order to enable comparisons of the vertical farm system 
to other forms of urban food production where emergy synthesis is used, as well as for placing vertical 
farms within urban systems and estimating relative sustainability by comparing the system studied in 
this thesis with other similar systems. In combination with the systems diagram, this approach is a 
useful alternative for this study since no calculations specific to this study were made. 

2.5 Theoretical and conceptual framework identification 
 
In research, theory serves as the explanation to the phenomenon or event being investigated (Robson 
& McCartan, 2016:66). Real world research, where a specific social problem is identified and focused 
on, aims to resolve or shed light on a specified issue or phenomenon partly “ through developing a 
theoretical understanding of the problem or issue” (Robson & McCartan, 2016:66). The theory for this 
type of research can emerge through the research or be selected as a way of explaining the study’s 
findings (Robson & McCartan, 2016:66). Furthermore, creating links to current formal theory that 
other studies are using serves as quality assurance for one’s study (Robson & McCartan, 2016:66).  
 
The theoretical framework in this study was carefully selected in consideration of the phenomena 
being studied: the sustainability and value of growing foods in proximity to where it is consumed with 
an overall aim on contributing to food security and sovereignty, and a positive effect on the 
sustainability of overarching systems. The concept of food systems is widely used, but few ‘systematic 
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frameworks model the full scope and structure of [food systems]’ (Sobal et al., 1998:853). Even 
though food systems are complex, characterized by sets ‘of operations and processes [that transform] 
raw materials into foods and nutrients into health outcomes’ (Sobal et al., 1998:853), the term food 
system is often used loosely, conceptualized linearly (Maassen, 2017a:7), and not typically linked to 
systems theory (Sobal et al., 1998:853).  
 
In order to holistically capture and analyze the complexity of the food system and the relationships 
between agriculture, industry, economy, ecology, and societal aspects, systems theory has been 
chosen. Systems theory takes a holistic perspective in examining system boundaries, delineating 
subsystems and their relationships, emphasizing the process of homeostasis and considering 
relationships between different systems (Sobal et al., 1998:854). Systems theory and its underlying 
principles were chosen as part of this study’s theoretical framework because they allow for 
comparison of various different systems since all systems are interconnected and are crucial to 
understanding emergy syntheses; these concepts serve as the main points of reference for the analysis 
of the emergy synthesis results. 
 
Urban political agroecology was selected as both a theory and conceptual framework for the study to 
be used alongside systems theory. It provides the political, social and ecological foundations for a 
radically alternative model of urbanization that prioritizes sustainability, solidarity, mutual learning, 
interspecies exchanges, environmental stewardship, and food sovereignty (Hoekstra & Tornaghi, 
2017:10). This theory shifted the study’s focus and lens from food security to also include food 
sovereignty, which will be explained further in chapter 4.3 (Food security vs. food sovereignty). 
According to Jabareen (2009:57), a conceptual framework is defined as a network of linked concepts 
that together provide a comprehensive understanding of a phenomenon. Each concept selected plays 
an integral role within the framework, which has an interpretative approach to social reality and the 
phenomenon at hand (Jabareen, 2009:57). It is important to address that researchers may have 
different conceptions of the same phenomenon, which could result in the creation of different 
conceptual frameworks for the same object of study (Jabareen, 2009:58). Therefore conceptual 
frameworks need to be flexible, have the capacity for modification, and should focus on helping to 
increase understanding phenomena rather than predict them (Jabareen, 2009:58).  
 
Urban political agroecology serves as the conceptual framework for the study, while emergy functions 
as a systems based tool that determines the sustainability of certain aspects of the system, helping to 
determine how those aspects can be changed in order to increase or decrease the general sustainability 
of the system. These theories are further elaborated on in chapter 3 (Theoretical framework). 

2.6 Quality assurance 
 
Ensuring that a research study has quality and reliability is an important aspect of research because it 
allows the researcher to establish trustworthiness with readers. According to Robson & McCartan 
(2016: 78), the validity, generalizability, and reliability of a study are key for inspiring trustworthiness 
in the study’s results. Yin (2009:40) details four indicators commonly used to establish the quality of 
empirical research in all social science methods. Table 4 depicts the four techniques with examples of 
relevant techniques (Riege, 2003:78-79) and examples of how they were applied in this study. 
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Table 4. Techniques for establishing quality and reliability  

Indicators  Relevant techniques (Riege, 
2003:78-79) 

Examples within the study 

Construct validity: identifying 
correct operational measures for 
the concepts being studied 

Use of multiple sources of evidence 
in the data collection phase 

Triangulation via different 
interview methods, perspectives 
and data sources 

Establishment of a chain of 
evidence in the data collection 
phase 

All interviews have been 
transcribed verbatim and included 
within this study, and all data has 
been well cited 

Reviewing of draft case study 
reports in the report-writing phase 

All transcripts were sent to the 
interviewees for confirmation of 
information 

Internal validity: seeking to 
establish a causal relationship, 
whereby certain conditions are 
believed to lead to other 
conditions, as distinguished from 
spurious relationships 

Display of illustrations and 
diagrams in the data analysis phase, 
to assist explanation building in the 
data analysis phase 

Plenty of illustrations, diagrams, 
and tables are used throughout the 
study 

Concepts and findings are 
systemically related 

Same frameworks are applied to all 
sources of data, facilitated by the 
interview guide and selected 
theoretical framework 

External validity: defining the 
domain to which a study's findings 
can be generalized 

Definition of the scope and 
boundaries in the research design 
phase 

Done in chapters 2.1 and 2.2 where 
general research design and scope 
of project is detailed  

Comparison of evidence with the 
extant literature in the data analysis 
phase 

Both inductive and deductive 
approaches are used and literature 
review facilitates comparison of 
collected data with existing studies 
and information 

Reliability: demonstrating that the 
operations of a study-such as the 
data collection procedures-can be 
repeated, with the same results 

Give full account of theories and 
ideas for each research phase 

Presented in methods and 
theoretical framework chapters 

Assurance of congruence between 
the research issues and features of 
the study design in the research 
design phase 

Presented in methods chapter  

Record observations and actions as 
concrete as possible 

All interviews were recorded  

Record data mechanically, for 
example, by using a tape recorder 
or video tape 

All interviews were recorded 

Development of a case study data 
base at the end of data collection 
phase, to provide a characteristic 
way of organizing and documenting 
the mass of collected data 

Necessary for organizing all 
collected data  

Assurance of meaningful 
parallelism of findings across 
multiple data sources 

Same framework and logic applied 
to all data, interviews, and 
documents collected 

Use peer review/examination Proposal and half-time seminars 
with peers 

 
In order to construct validity, this research project accrued data from a variety of sources, such as in-
person and phone interviews, secondary data, and perspectives of different actors. All interviews were 
transcribed, sent to interviewees, and validated by email. Internal validity is supported through plenty 
of illustrations, diagrams, and tables used throughout the study to ensure understanding and 
explanation building, and by implementing the same frameworks to all sources of data, facilitated by 
the interview guide and the theoretical framework. External validity is supported through definition of 
the scope and boundaries in the research design phase (chapters 2.1 & 2.2), and by ensuring that all 
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data collected is compared to relevant and existing literature. Reliability is supported through a 
detailed account of methods, ensuring reproducibility of the study. This was done by presenting the 
theories and ideas present during the research phase, recording all possible observations and data, 
assuring parallelism of any findings from multiple data sources and using peer review throughout the 
writing process. 

2.7 Ethics 
 
There are many ethical considerations relevant to carrying out real world research that involve other 
people (Robson & McCartan, 2016, p. 205). Ethics, which refers to rules of conduct or a set of 
principles, is a process that most commonly considers a commitment to participants’ rights; respect for 
participants; a commitment to knowledge; a commitment to the promotion of respect for social 
sciences; protecting the researcher (Robson & McCartan, 2016, p. 208), and should be reviewed 
holistically throughout research. In keeping with these commitments, this research study does not 
involve people, groups, and organizations without their consent, coerce participation, or otherwise 
deceive participants: consent has been given for informants providing specific information, such as the 
interviewees that provided information on Uppsala municipality. Additionally, this study does not 
withhold information regarding the true nature of the research, and does not invade participants’ 
privacy or treat them unfairly, without consideration, or respect. As a result, efforts were made by the 
researcher to maintain the anonymity of the participating vertical farm in order to ensure the safety of 
all parties and participants, and prevent any potentially negative repercussions stemming from this 
study. In order to accomplish this, Kaiser’s study (2009) on protecting respondent confidentiality was 
referenced heavily. In addition to addressing confidentiality issues at the time of data collection, 
identifiers have also been removed from data, in order to create a ‘clean data set’ (Kaiser, 2009:1635) 
and protect the confidentiality of the case study focus. All persons affiliated with Vertical Farm X 
have been given a pseudonym. The next section explains the theoretical and conceptual frameworks 
for this study. 
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3. Theoretical framework 
 
This chapter presents the different terms and theoretical perspectives that provide the foundation for 
understanding the empirical results in chapters 4 and 5, the analysis in chapter 6 and discussion in 
chapter 7. It begins by describing systems theory as the foundation for assessing complex processes, 
followed by a description on emergy and its underlying concepts, and ends with urban political 
agroecology and its implementation as this study’s conceptual framework. 

3.1 Systems theory  
 
A systems theory is a theoretical perspective for studying entities or objects with the purpose of 
providing a better understanding and a more purposeful analysis of those entities or objects being 
studied (Dekker, 2017:5-6). It serves to analyze a phenomenon as a whole and not simply as the sum 
of elementary parts (Mele et al., 2010:127). Under systems theories, a system is regarded as an 
interconnected set of elements coherently organized in a way that achieves a certain goal (Meadows & 
Wright, 2008:11), and is viewed as a whole part made up of smaller systems, or subsystems, that is 
also embedded within larger, more encompassing systems, or suprasystems (Mele et al., 2010:129). 
Systems thinking is crucial for sustainability for a variety of reasons: the complexity of the issues 
being addressed requires comprehensive system understanding in order to conceptualize systems’ 
dynamics across domains, temporal and spatial scales. It also aids in the visualization of cause and 
effect relationships, any harmful effects, and transformation in systems (Wiek et al., 2011). Various 
systems theories exist, but all agree that in order to understand complicated and/or complex entities a 
system needs to have defined boundaries; defined constituent elements or components of the system; 
defined interconnections and functions, or feedbacks, between the constituent elements or 
components; and a defined shared purpose (Dekker, 2017:5; Meadows & Wright, 2008:11; Mele et al., 
2010:126).   
 
Even though food and urban systems tend to be thought of as behaving in linear fashion without any 
direct connection to systems theory, they are complicated webs of systems (Figure 2) that include a 
myriad of inputs processed in various ways throughout production that result in countless different 
outputs (Vermeulen et al., 2012). They are also open systems, where exchanges of energy, matter, 
people, and information occur with the external environment (Mele et al., 2010:127). In the case of 
urban systems, their evolution can be likened to metabolic processes. Urban metabolism is defined as 
“the sum total of the technical and socio-economic processes that occur in cities, resulting in growth, 
transformation of energy, and elimination of waste” (Kennedy et al., 2007, 2011). Previous emergy 
studies on urban sustainability stress the importance of conceptualizing urban processes and spatial 
components as a cooperating metabolic system that transform resources, and can improve a city’s 
capacity to respond to environmental change and sustainability (Brunner, 2007; Kennedy et al., 2011; 
Seto et al., 2012; Seitzinger et al., 2012; Yang et al., 2011). While both systems are usually looked at 
separately, food systems form a key part of urban systems. According to Kasper et al. (2017:1011), 
viewing food systemically serves as a lens for analyzing food as part of the urban metabolism.  
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Figure 2. Food system map shows the interconnectedness of food and urban systems, which are both affected by 
environmental, economic and socio-cultural processes (Internet: shiftN, 2016).  

In order to ensure the sustainability of a system, all parts of the system should be taken into account, 
which is where systems theory comes in. When evaluating each system, taking holistic systems 
approaches are crucial to identifying alternative methods of production, determining a system’s 
efficiency, reproducibility and sustainability. Emergy and agroecology are both rooted in ecological 
systems thinking developed by H.T. Odum, making this theory an integral aspect to understanding this 
study. Odum postulated that ecosystems, and possibly all other systems, are arranged into self-
organizing hierarchies because such designs maximize useful energy processing (Odum, 1988:1133; 
Odum, 1996). Self-organization is a concept established to explain a system’s order, defined here as 
the emergence of patterns of resource flows within a system through autonomous and self-reinforcing 
dynamics (Skår, 2003; Kauffman, 1995; see Anzola et al., 2016:222). These patterns are captured by 
Odum et al.’s (1995) pulsing paradigm, which states that a pulsing steady state comprised of 
fluctuating periods of production with periods of consumption is more realistic than the ‘steady state’ 
often seen as the final result of a system’s development. Based on the foundation of self-organization, 
hierarchies boost system performance through reinforcing structures and patterns, which results in 
self-maximizing energy flows (Odum, 1988:1133; Odum, 1996). This is captured in the maximum 
power principle, a key concept to ecology and emergy, that describes that system self-organization and 
the ability of systems to reorganize allows them to continuously reinforce productive processes by 
maximizing the utility of incoming energy (Brown & Ulgiati, 1999).  
 
Characteristic ecosystem designs are a direct result from self-maximizing energy flows, where the less 
available, higher quality energy types feedback as controls that reinforce the production process, and 
by-product materials released from each unit recycle back into the production process (Odum, 
1988:1133). For example, grass energy feeds zebras, zebra energy feeds lions, and lion energy then 
feeds back into the ground in order to support further grass production. In this scenario, the lion acts as 
a regulating function for the zebra population, ensuring that it remains within the ecosystem’s carrying 
capacity; the quantity, quality, and distribution of each species are controlled by one another 
(Maassen, 2017a:15). This is important because a division of labor develops where each level supports 
the processes of another, also referred to as maximum empower (Odum & Odum, 2001). Odum tested 
this theory by developing a simple ecosystem, a sealed aquarium, in a small container; once the 
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aquarium was filled with a variety of species it rapidly developed basic ecosystem organization shown 
by the production-consumption-recycle model in Figure 3.  
 

 
 
Figure 3. Odum's basic ecosystem organization diagram (adapted from Odum, 1996:22). 

Although the aquarium is sealed, it absorbs solar energy, where the sun acts as the energy source for 
the system, and allows degraded heat to diffuse out. Like typical ecological and economic systems, the 
aquarium has a closed loop design that connects energy-dispersed producers (e.g. the sun) to more 
energy-concentrated consumers. In other words, energy is concentrated in the diagram from left to 
right: the energy from the sun (the source) is collected by plants (producers), and then further 
collected into the bodies of the animals and microbes (consumers). Adversely, energy is distributed 
from right to left: the animals and microbes release raw materials into the water that is then taken up 
by the plants to concentrate all over again (Odum, 1996:21), functioning as a feedback that reinforces 
production flows. In this system, the energy flow (sunàplantsàanimals) decreases with each 
transformation, while the solar emergy flow is the same for all pathways4 (e.g. sunlight used, organic 
produce, material recycle). This model and explanation is applicable to all energy transformations, and 
serves as the groundwork for H.T. Odum’s key theories leading up to emergy (Brown & Ulgiati, 
2004a): 
 

Net energy An energy source must be able to provide a net contribution to the economy of the 
larger system in which it is embedded (i.e. it must provide more energy than it costs 
to extract and process it) (Brown & Ulgiati, 2004a:203) 

 
This concept is derived from the ecosystem concept of ‘net production.’ Odum believed that this 
concept applied to all systems: from photosynthesis to the energy used by animals as they grazed or 
chased prey (Brown & Ulgiati, 2004a:203). Logically, it also applied to the fossil fuels and other 
energies driving economic sectors and human societies (Brown & Ulgiati, 2004a:203), and played an 
important role in the development of energy quality and emergy. 
 

                                                
4 Follows First and Second laws of thermodynamics: 1) energy is neither created nor destroyed in circulation & 
2) concentrations of available energy are continuously degraded, occurring in transformation processes (Odum, 
1996).   
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Energy quality All forms of energy do not have the same ability to do work (Brown and Ulgiati, 
2004a:202) 

 
You need a lot of solar energy to power a system compared to more concentrated energy sources, like 
oil. By referencing net energy, Odum denied the plausibility of unlimited energy from the sun or from 
vast quantities of oil trapped in the western shales (Brown and Ulgiati, 2004a:202). The former case 
featured an energy source that was too dilute compared to the energy costs needed to concentrate it to 
ever have a net energy yield; the latter featured costs so large to ‘liberate’ the oil shale that there 
would, again, be no net yield. 
 

Energy 
hierarchy 
principle 

With each successive energy transformation within a system, available energy 
becomes more concentrated and therefore creates an energy hierarchy (Odum, 
1996:18).) 

 
All systems carry energy in a characteristic design that reinforces that same energy’s use (Odum, 
1996; Odum & Odum, 2001) (see feedback loop in Figure 3). The energy captured and used in such 
systems tends to concentrate, feedback and support the more complex systems, determining the 
structure and speed at which the processes within the systems can function (Odum, 1996). As 
mentioned previously, the structure and functioning of a system is described through the maximum 
power principle, which Odum (1996) modified specifically for emergy systems into the maximum 
empower principle. 
 

Maximum 
empower 
principle 

The maximum empower principle is a derivative of the maximum power principle. 
Odum postulated that 1) systems succeed according to self organization that results 
in maximum useful work from inflowing emergy sources; 2) systems succeed by 
improving the efficiency of useful work; and 3) systems succeed by contributing 
useful work to their suprasystems (Odum, 1996:19-21) 

 
In other words, successful systems self-organize in order to maximize the amount of work they can do 
from inflowing emergy. Additionally, autocatalytic storages, or feedbacks, are crucial to system 
success because they are created through self-organization, and are the result of systems maximizing 
the utility of work from inputs to the system (Odum, 1996). Feedbacks reinforce productive processes 
and maximizing efficiency of systems.  

3.2 Emergy theory 
 
Emergy theory, based on Odum’s observations on the importance of energy quality and the need to 
use a common denominator for various types of energy flows (Amaral et al., 2016:882), developed as 
a tool for environmental policy used to evaluate the quality of resources in the dynamics of complex 
systems (Odum, 1996). As mentioned in chapter 1 (Introduction), emergy can be conceptualized as the 
‘energy memory’ of something (Ulgiati et al., 1995:520), and is defined as ‘as the sum of all inputs of 
energy directly or indirectly required by a process to provide a given product or service’ (Brown & 
Ulgiati, 1997:54; Brown & Ulgiati, 2004b:205). Unlike other evaluation methods, such as LCA, 
emergy includes human labor (and sometimes knowledge) and services, as well as fossil fuel and 
environmental energies, needed to make a product or service (Ulgiati et al., 1995:520), accounting for 
the work and processes of both nature and society that contribute to this production. Labor and 
services should not be ignored when analyzing systems with prevalent human involvement since they 
are key resources for many production processes that can be accounted for (Ulgiati & Brown, 2014). 
 
In order for energies of different kinds to be evaluated (e.g. sunlight and electricity) the energies are 
quantified using the same unit of measurement using unit emergy values (UEV). UEVs are the 
conversion rate for different energies, and are the generic term for the ratio of emergy per unit, such as 
transformity (sej/J), specific emergy (sej/g) and the ratio of emergy to money (sej/$). Emergy 
accounting, as well as the transformities listed below (Figure 4) begins with an evaluation of Earth 
energy processes. Solar, tidal, and geothermal energy data, the three primary sources of available 



   18 

energy, are used to estimate global average emergy flows, resulting in the geobiosphere emergy 
(GEB) baseline (Odum, 1996:35), which is then used as the base for calculating the UEVs of all other 
Principle flows (wind, water, and earth) (Odum, 1996:35). 
 
Item Solar Emcalories/calorie* 
Sunlight Energy 1 
Wind Energy 1 500 
Organic Matter, wood, soil 4 400 
Potential of elevated rainwater 10 000 
Chemical energy of rainwater 18 000 
Mechanical energy 20 000 
Large river energy 40 000 
Fossil fuels 50 000 
Foods 100 000 
Electric power 170 000 
Protein foods 1 000 000 
Human Services 1 000 000 000 
Information 1 x 1011 
Species formation 1 x 1015 

Figure 4. Typical transformities adapted from Odum & Odum (2008:9) 

Odum developed UEVs to facilitate the conversion of global emergy flows in order to calculate the 
emergy for as many processes and products as possible. A transformity can be thought of as, and is 
defined as the emergy of one kind needed to produce a unit of another kind of energy (Odum, 1996). 
Evaluating transformities and other UEVs can also reveal a process’s efficiency: the higher the 
transformity (emergy per unit of available energy), the lower the efficiency (Odum, 1996:249). These 
conversions, which are based on the laws of thermodynamics, help account for all the energy needed 
to make a product or service, including degraded energy.  
 
While emergy includes several benefits, its novelty as an analytical method draws valid critiques, 
summarized below in Table 5. According to Amaral et al. (2016:887) emergy analysis has faced 
difficulty in becoming an accepted methodology within the scientific community due to, ironically, its 
broad nature and ability to holistically address any given system. In other words, the very thing that 
makes it pertinent for addressing sustainability issues impedes its ability to be widely adopted. 
Additionally, numerical uncertainty present within evaluation processes, as well as the lack of an 
easily used and understood emergy tool applicable to real world conditions, add to emergy’s poor 
adoption rates.   
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Table 5. Emergy Analysis Pros and Cons (data from Amaral et al., 2016:886-887) 

Pros  Cons  
• It uses a single measurement unit for all types of 

resources, thus enabling fairer comparison within 
and between systems 

• It takes into account different levels of energy 
quality (and its capacity to perform work) by using 
the concept of transformity 

• It connects economic and ecological systems by 
overcoming economical assessment of 
environmental inputs 

• It has thermodynamic grounds.  

• Numerical uncertainty throughout the evaluation 
processes 

• Emergy algebra is concerned with energy 
conservation in each system's inflow, therefore 
double counting is the main source of potential 
error in emergy calculations. This is because two 
co-products of a system A may be accounted as 
two different inputs to a system B, and thus 
double counting emergy. Several researchers have 
attempted to clarify emergy algebra through 
various mathematical approaches, some of them 
unable to actually eliminate double counting.  

• A database with transformity values is not 
available which makes common that different 
authors assume different transformity values for 
same resource.  

• Methodological approach can be slightly different 
from case to case.  

3.3 Urban political agroecology – a conceptual framework 
 
Political agroecology is a broader and more radical derivative of agroecology that, in addition to 
focusing on the ecological aspects of agricultural production, ‘considers food production inherently 
political, draws attention to broader food production and consumption systems, and foregrounds power 
and politics’ (Sanderson Bellamy & Ioris, 2017:3). Its interdisciplinarity is comprised of agroecology 
and political ecology, which has been replaced with urban political ecology (a political ecology 
derivative) due to this study’s focus on urban metabolisms. Since systems thinking and theory forms a 
big part of ecological systems, urban political agroecology can be encompassed within systems theory; 
this allows for comparisons between itself and other systems, and implementation of emergy as a tool 
for determining the sustainability of the system and/or specific aspects of the system.  

Agroecology has been conceptualized as an indigenous and farmer-led critique of dominant agro-food 
systems focused on applying local, participatory and action-orientated food production practices that 
are based on ecological science in order to study, design, and manage sustainable agroecosystems 
(Hoekstra & Tornaghi, 2017:15; Levidow et al., 2014:1129; Sanderson Bellamy & Ioris, 2017:13). At 
agroecology’s core is the notion that agroecosystems should ‘mimic the biodiversity levels and 
functioning of natural ecosystems’ that are ‘productive, pest resistant and nutrient conserving’ 
(Pimbert, 2015:287). It can be described as a process of knowledge (Norder et al., 2016:3), a set of 
technological and practical adjustments, and transnational social movement comprised of complex 
interactions between grassroots activity and centers of coordination (Sanderson Bellamy & Ioris, 
2017:2). In other words, agroecology is comprised of a trifecta: ecological and agricultural scientific 
research, social movements, and empirical practices (Toledo & Barrera-Bassols, 2017:1).  

Rural social movements and indigeneity are key for agroecological production for various reasons. 
While indigenous knowledge has been dismissed as “primitive” and “outdated” in the past, it is now 
considered to be more sustainable and inextricably connected to the planet’s ecology than information 
gathered through modern western science (Figueroa-Helland et al., 2018:180; Lappé, 2016). This is 
partly due to indigeneity’s ‘cosmologically-rooted, land-based, context-responsive, evolving and 
adaptive character’, which strongly juxtaposes western ‘epistemologies historically built on an 
anthropocentric, techno-rationalist, and Universalist “mastery of nature”’ (Figueroa-Helland et al., 
2018:180). The stark difference between individuals practicing the former in a world system that 
prioritizes the latter has given rise to many of the social movements responsible for agroecology’s 
emergence. Another important aspect of agroecology is its focus on the sovereignty of food systems 
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through the transformation of existing regimes (Sanderson Bellamy & Ioris, 2017:13). Food 
sovereignty strengthens the autonomy and sustainability of food systems in general and those who 
manage them (de Molina, 2013:51), and is characterized by these key principles: food as a basic 
human right, agrarian and food trade reform, natural resource conservation, abolishing global hunger, 
social peace and justice, and democratic control of food systems (Figueroa-Helland et al., 2018:180).  
 
Agroecology and agroecological movements have typically promoted themselves as scientific 
disciplines and social movements (de Molina, 2013:46). However, agroecosystems are also political: 
in addition to identifying unsustainability within agroecosystems and proposing suitable solutions, a 
practical dimension is needed within agroecology that is responsible for design and implementation 
within systems influenced by power and politics (de Molina, 2013:46-47). Political agroecology 
acknowledges agro-food systems’ ‘politicalness,’ recognizing that sustainability cannot be achieved 
solely on technological measures (Toledo & Barrera-Bassols, 2017:1). 

Urban political ecology (UPE) provides an ‘integrated and relational approach that helps untangle 
economic, political, and ecological processes that form highly uneven urban landscapes’ 
(Swyngedouw & Heynen, 2003:914). This approach helps increase understanding on ‘how power 
works’, how human and non-human groups are ‘sidelined through normative interests’, and how urban 
space is created as a result of these processes (Shillington & Murnaghan, 2016:1019). It focuses on 
urban flows and networks depicting natural, social, economic, and political process working together 
to shape urban metabolisms and each other (Shillington & Murnaghan, 2016:1019). The cohesive 
amalgam that is the urban socio-natural metabolism challenges the urban vs. rural/society vs. nature 
dichotomies, and presents nature as an active participator with agency within urban systems 
(Shillington & Murnaghan, 2016:1019). 

UPE works under the assumption that material conditions in urban environments are directly 
controlled by and serve the interests of the elite at the expense of others, and in uncovering and 
analyzing socio-natural systems, it reveals the ‘unevenness of power relations’ that shape urban socio-
natures and perpetuate social inequality (Shillington & Murnaghan, 2016:1019; Swyngedouw & 
Heynen, 2003). From an environmental perspective, social inequality is considered a ‘permanent 
source of instability and a powerful stimulus for conflict and socioecological change’ (de Molina, 
2013:48), and addressing it is fundamental to the creation of fair and sustainable urban metabolisms. 
The ‘urban’ in UPE is conceptualized as a socio-environmental process as opposed to a static state 
located within specific boundaries, and has its roots in critical urban theory. Critical urban theory 
emphasizes the malleability of the urban space and rejects the inherited urban knowledge relevant to 
mainstream urban theory and existing urban formations (Brenner, 2009:198). Instead of affirming the 
current conditions of cities generated by bureaucratic rationality and economic efficiency, critical 
urban theory believes in urban space’s continual reconstruction as an outcome of historically specific 
relations of social power, insisting that other more democratic, socially just and sustainable forms of 
urbanization are possible (Brenner, 2009:198). As a result, urban political agroecology is a 
combination of both ideologies that facilitates the creation of alternative, increasingly sustainable, 
food sovereign urban metabolisms. As a result, urban political agroecology could effectively tackle the 
challenges facing urbanization processes (chapter 1) by reconciling urban and agricultural systems to 
improve urban livelihoods.  

Urban political agroecology is an open critique of urban and agro systems that shun global agri-
business and urbanization models in order to avoid perpetuating systems dependent on exclusion and 
environmental destruction. It attributes system inequity to social and economic relations, which shape 
access to food and other resources (Sanderson Bellamy & Ioris, 2017:4), and as a result, seeks to 
reform and/or transform systems by identifying and addressing power relations that lead to social 
inequalities and unequal access to resources. Its emphasis on equity highlights the inherent value of 
the social and natural worlds, which are not reduced labor and commodities, and strives to include 
marginalized people who have traditionally been excluded from decision-making (Sanderson Bellamy 
& Ioris, 2017:4).  
 



   21 

By examining current agro and political movements and recommending useful ‘tools’ that facilitate 
institutional change, urban political agroecology calls for the creation of political strategies, 
spearheaded by ecological and agricultural scientific research, that encourage collective action through 
‘social movements, electoral political participation, and coalitions between different political social 
forces, etc.’ (de Molina, 2013:51). This process is not a proposal for the implementation of any 
specific program; rather it varies depending on the social and political context in which it is applied 
(de Molina, 2013:51), making this approach suitable for implementation as a conceptual framework. 
Political agroecology has no existing standardized methodological approach or predefined standpoint 
on sustainability, which makes defining key aspects of the framework’s facets difficult. Nevertheless, 
four key concepts to urban political agroecology were identified, which focus on food sovereignty. 
Additionally, general trends were identified for each concept and used as indicators. Systems theory is 
inherent to this framework, which is useful for implementing systems approaches for urban and food 
systems, and for emergy, which determines sustainability aspects within those systems. Figure 5 
provides a visual representation of this study’s conceptual framework.  
 

 
Figure 5. A conceptual framework: urban political agroecology. 

Concept 1: Critique of dominant ideology  
According to Thompson (2017), critique is a means to relate what is perceived in everyday life with a 
deeper, more rational knowledge of the world. Dominant ideology is interpreted according to Marxist 
theory, and is defined as the ideas, attitudes, values, beliefs, and culture of the status quo or ruling 
class in a society. Urban political agroecology originates from two concepts critical of their 
‘mainstream’ counterparts. Agroecology was established as a critique to global agro-food systems and 
UPE emerged from critiques of unsustainable and exclusive urban metabolisms. Therefore, urban 
political agroecology acts as a form of social criticism grounded on an antagonistic relationship to 
inherited system knowledge and present manifestations of those existing systems. These critiques 
target underlying assumptions in charge of propagating the systems involved. The assumptions often 
fall under the protection of civilization, progress, and development: concepts that rely on exploitative 
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logics that exhaust labor and resources, and often mask active and oppressive engagement in 
undermining and destroying other alternatives (Figueroa-Helland et al., 2018:175) 
 
Concept 2: Equity 
Equity presents itself as the social dimension of this framework. Many globalized systems today (e.g. 
food) are built upon a nexus of deep power structures that include “anthropocentrism, patriarchy, 
colonialism, eurocentrism, structural racism, industrial and developmental modernism, capitalism 
(including neoliberalism), and the Westphalian nation-state system (Figueroa-Helland et al., 
2018:195), which more often than not contribute to structural inequality. Urban political agroecology’s 
equity aspect concerns itself with identifying the power relations in order to address social inequality 
and other unjust manifestations. Additionally, it stresses that materials and resources within systems 
are controlled by the wealthy few, shaping urban-socio natures in ways that benefit the wealthy few 
and increase social inequality. It focuses on the inclusion of indigenous knowledge and marginalized 
peoples in scientific processes, decision-making, and political movements is key to ensuring they 
receive fair access to available resources and the benefits accumulated from the use of those resources. 
This tends to manifest in counter-hegemonic movements and organizations based on indigeneity 
and/or agroecology, that focus on advancing more resilient, fair, and communal alternatives (Figueroa-
Helland et al., 2018:195).  
 
Concept 3: Ecology 
Ecology presents itself as the environmental dimension of this framework, and relates to natural 
ecology’s intrinsic sustainability. The ecology of natural systems reveals systemic functions that 
operate optimally on resource inputs sans the creation of waste. As a result, urban political 
agroecology implements ecological tenets and research as a guiding force for systems change that 
increases system sustainability. Indigenous knowledge is considered a strong agroecological guiding 
force that can be included through indigenous and counter-hegemonic social movements. This study 
partly accounts for the ecological aspect through systems and emergy theories. 
 
Concept 4: Politics 
Since both agro and urban systems are dependent on practical aspects in the form of political 
institutions to drive implementation, urban political agroecology requires a political presence. This 
means that the systemic change favored by urban political agroecology should be implemented 
utilizing political movements and institutions. According to Wezel et al. (2018) policy development 
will be critical for agroecology’s amplification. Proponents of agroecology are encouraged to work 
with the concept’s various stakeholders and initiatives to develop more sustainable systems. 
 
The model (Figure 5) attempts to show how different urban political agroecology concepts work 
together to create change. Knowledge of the current systems coupled with relevant critiques create the 
basis for radical system change. Equity assesses the current systems, looking for power relations and 
social inequalities that affect the larger system at hand as well as the environment. The ecological 
aspect provides the guidelines for how systems could be changed to result more fair and sustainable. 
The political aspect serves as the practical element of the framework for implementing change on an 
institutional level. Although there are similarities between this framework and current 
conceptualizations of sustainable development (chapter 4.1), there is a key difference: urban political 
agroecology does not prioritize economic growth. Rather, economics functions as a tool that helps 
facilitate and reach social and ecological goals. This follows more recent conceptualizations for 
sustainable development trying to become the dominant discourse, which prioritize planetary 
boundaries and a society that utilizes economics as a tool in order to achieve a just and sustainable 
existence (Raworth, 2017). The following chapter provides pertinent background information for this 
study. 
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4. Empirical Background 
 
This chapter presents pertinent background empirics on this study’s key topics and their relationship: 
urban sustainability, vertical farming, and food security vs. food sovereignty. This chapter’s three 
subsections give an overview of urban sustainability, a description of urban agriculture as well as 
vertical farming, and make an argument for food sovereignty over food security, respectively. 

4.1 Urban sustainability and urbanization trends 
 
Sustainable development emerged during the United Nations World Commission on Environment and 
Development in 1987 as awareness of environmental decline intensified (Hassan & Lee, 2015:1268). 
Although it has been defined in various ways, the commission’s report, Our Common Future, defined 
sustainable development as “development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs’ (WCED 1987: 43), and descends from the 
terms ‘sustainable’ and ‘sustainability.’ In Our Common Future, sustainability is implied to mean that 
humans are responsible for each other, their greater environment, and future generations (Hassan & 
Lee, 2015:1268). The comprehensive goal outlined for sustainable development called for a 
maintained balance between sustainability’s most important pillars (economy, environment, and 
society) (Hassan & Lee, 2015:1269) (Figure 6). Focus on urbanization and urban governance for 
sustainable development began with Agenda 21 (UNCED, 1992), a global action plan for sustainable 
development that focused on addressing all types of anthropocentric impacts on the environment. 
Much of the Agenda is represented by the Sustainable Development Goals (SDGs) established by the 
United Nations in Agenda 2030, where the 11th goal focuses on Sustainable Cities and Communities.  
 

 
Figure 6. Sustainability tripartite venn diagram (Elkington, 1998; adapted from Caradonna, 2014:8) 

Numerous studies have shown that urban ecosystems and landscapes are currently unsustainable (Wu, 
2014:209): these areas are the largest contributors of pollution; disproportionately consume vast 
amounts of non-renewable, raw materials; and have substantial ecological footprints that require great 
amounts of land and natural resources to continuously provide enough food, water, and energy for 
their inhabitants (Evans et al., 2013:1). Additionally, the metabolism of most modern cities must be 
accounted for, which is linear, not circular: resources are funneled into urban environments with little 
concern over their origins or destinations (Deelstra & Girardet, 2000:50). Since over half of all people 
live in cities today (The World Bank, 2014), the unsustainable nature of urban areas presents a huge 
and critical problem for sustainable development.  
 
Debates regarding urban sustainability revolve around the idea that cities play a key role in the global 
ecological crisis (Brenner & Schmid, 2005:157). In addition to acknowledging them as the most 
ecological viable arrangements for human settlement (Girardet 2004; Meyer 2013, see Brenner & 
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Schmid, 2005:157), these debates have promoted a particular vision of what sustainable cities should 
look like: ‘bounded, technologically controlled islands of eco-rationality’ even more disconnected 
from the broader environment they are currently embedded in (Brenner & Schmid, 2005:157). This is 
modeled by the growing interest in technocentric city terms, such as ‘smart city,’ that has taken place 
within the past decade (de Jong et al., 2015:34) (Figure 7). A sustainable city is defined as a city where 
a higher quality of life is realized in tandem with policies that effectively reduce the demand on 
resources (energy, materials etc.) drawn from the city's hinterland, resulting in a self-sufficient system 
(de Jong et al., 2015:32; Yigitcanlar et al., 2008), however a number of terms, each with its own 
identity, are used interchangeably with ‘sustainable city’ (appendix B). 
 

 
Figure 7. The development of twelve city categories over time show a spike in research focused on sustainable 
cities and an emphasis on technocratic alternatives (frequency in Scopus articles) (de Jong et al. 2015:29) 

The use of so many different terms, all describing different aspects of the sustainable city, emphasizes 
that there is no single way to conceptualize and describe what a sustainable city is or what it should 
look like. Much like other sustainable development concepts, urban sustainability is not static: it’s 
changeable, complex (Zheng et al. 2014), and involves ongoing transformations to meet changes 
occurring in production processes and ecological systems. The likelihood of one model for urban 
sustainability encapsulating the needs of all cities, all facing a variety of issues pertaining to their 
specific geography and political environment is unlikely. Bonnier (2017:8) theorizes that the 
sustainable city should be an ideal to strive towards and a guide for dynamic urban development that 
fosters resiliency from ecological, social and economic disruptions. Therefore, instead of referencing a 
specific model of sustainable city, this study frames urban sustainability through emergy theory and 
urban political agroecology principles (chapter 3.3). 
 
Previous emergy analyses on urban sustainability and urban agriculture serve as points of reference for 
each system’s sustainability. Even though a number of additional indicators and indices have been 
calculated in previous studies that aim to facilitate the calculation of data for urban processes, this 
study focuses on general recommendations made by those studies since no emergy analysis of a city 
was being carried out. (Keena et al., 2018; Liu et al., 2014; Viglia et al., 2017; Yang et al., 2014.). In 
general, modern cities whose indicators show improvements in economic prosperity have increasingly 
become more dependent on external resources, where environmental emergy indicators suggest 
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worsening regional sustainability (Liu et al., 2013; Yang et al., 2014:47). As stated previously, for a 
system to be considered sustainable from an emergy standpoint, it needs to simultaneously generate a 
large economic yield and cause low environmental stress (Liu et al., 2014:101). Therefore, Liu et al. 
(2014) believe that urban policy makers need to focus more on achieving strategies where 
environmental revenues and losses can be suitably balanced in order to manage or limit economic 
growth (Liu et al., 2014:101). Additionally, Viglia et al. (2017:14) deduced that cities cannot be 
sustainable organisms due to their dependence on imported resources, and suggested several solutions 
capable of decreasing this dependence in order to increase sustainability:  
 
• increase recycling and reuse (if waste cannot be avoided);  
• promote renewable energy sources (solar, geothermal, wind, among others) to replace fossil fuels; 
• increase efficient use of resources (e.g., prioritize public transport versus private); 
• recover and, if possible, increase agricultural and urban green areas for local production.  
 
Yang et al.’s study (2014:47) on the sustainability of urban metabolisms resulted in three suggestions:  
1. “Reduced metabolic pressure and sustained ecosystem health could be promoted by waste water 

recycling, solid waste reclamation and reuse, use of organic fertilizer in agricultural production, 
use of energy-saving building materials, and continuing the Grain to Green Program (the 
conversion of cropland to forest (grass));” 

2. “Socio-economic metabolic efficiency and lifestyle innovations could be promoted by compact 
city planning, door-to-door waste collection, low-carbon actions, and the circular economy;” 

3. “Cross-boundary metabolic management cooperation could be improved by more intensive use of 
urban-rural land, lifecycle waste control, watershed ecosystem conservation, and cleaner and 
efficient technologies.”  

 
Implementing emergy analysis in decision making towards sustainable urban ecologies is growing in 
prevalence and importance, emphasized by the introduction of new tools, such as the “Clark’s Crow” 
(Keena et al., 2018:1). Clark’s Crow facilitates emergy analysis in the early stages of urban design, 
allowing architects, city planners, and developers to address questions related to material and energy 
flows alongside design choices (Keena et al., 2018:1). 
 
While urban sustainability is pivotal to sustainable development, it has its share of critics. According 
to Hagbert (2016:20) much like green-washed sustainable consumerism, urban sustainability and its 
market can be simplified to the assessment of willingness to pay for ‘green’ products and services. 
This can result in widening inequality gaps and living standards, as well as a potential to contribute to 
socio-environmental injustices like environmental racism and gentrification (i.e. “when development 
in the name of sustainability drives out low-income residents for middle-class housing or when 
exclusively middle-class housing is built in previously undeveloped or post-industrial areas” (Hult, 
2017:35). According to Wu (2014:210) however, cities are heterogeneous, complex, adaptive, 
coevolving human-environment systems whose development path, although not fully predictable, can 
and should be influenced and guided towards more desirable and sustainable directions. Thus, keeping 
such critiques in mind, and directly addressing them through urban governance can allow for more 
desirable outcomes. 
 
The ability for urban areas to change and adapt is fundamentally important to managing projected 
urbanization trends and consequent issues, which, as the introduction (chapter 1) mentions, place two-
thirds of human population in areas characterized as urban as soon as 2050. While these demographic 
projections could be overstated, several million fewer inhabitants than have been predicted live in 
cities now, it still poses a huge issue to meeting food demand and those that produce it. There are 
several key trends that highlight the importance of addressing urbanization issues in relation to food: 
 
Trend 1 Rural to urban migration flows that cause urbanization are mostly a response economic 

changes and opportunities (Satterthwaite et al., 2010:2812-2813) 
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Economic opportunity is a huge driver of urbanization, and in low- and middle-income nations, is the 
overwhelming cause of urbanization (Satterthwaite et al., 2010:2812-2813). The correlation between 
urbanization and political strength and economic success is not likely to change in the near future 
(Satterthwaite et al., 2010:2813), and neither will urbanization projections. Although these 
correlations exist, not all people living in urban areas experience food security (chapter 4.3); many 
populations living in urban areas still experience hunger, as well as energy deficiencies (Satterthwaite 
et al., 2010:2816). 
 
Trend 2 The bulk of food produced to feed humanity is mainly produced by small household 

producers, peasants and small-scale traditional farmers (FAO, 2014) 
 
When all of this is looked at holistically, we see that urban populations, which are largely not focused 
on producing food, will overtake the populations who do: rural populations are not projected to grow 
much at all (UN, 2017). The migration of rural inhabitants in search of better economic opportunities, 
especially in low and middle-income nations, might not necessarily decrease the percentage of global 
food producers, but it will increase food consumers. 
 
Trend 3 Urbanization results about changes in diets and demands (Satterthwaite et al., 2010:2814) 
 
Urban diets compared to rural diets are dependent on more energy-intensive food production, greater 
demands for meat, dairy products, and other luxury foods (Ranganathan et al. 2016; Satterthwaite et 
al., 2010:2814). Even though high-income countries are already characterized by energy and animal-
product intensive diets, this trend is likely to have an effect on low- and middle- income nations with 
prosperous economies (low- and middle-income nations lacking economic success are projected to 
experience little urbanization) (Satterthwaite et al., 2010:2815-2818). Although urban food demands 
are currently met by imports, especially in high-income countries, these developments may provide 
the rationalization and support needed to encourage local production, like urban agriculture. 

4.2 Urban agriculture and vertical farming 
 
Even though food production around cities has existed for some time and is a common practice in 
many cities of the ‘Global South’, urban governance in the ‘North’ has generally ignored the benefits 
resulting from including food systems in urban planning (Grewal & Grewal, 2012:2; Kasper et al., 
2017:1010; Tornaghi, 2014:551). Recent developments and trends have brought UA to the forefront of 
urban development (Palmer, 2018:5) in many areas of the ‘Global North,’ where the relationship 
between people and food is marginal and limited (Tornaghi, 2014:551). UA is most commonly defined 
as agriculture located within or on the fringe of a city that grows, processes and distributes a diversity 
of agricultural products using resources, products and services found in or around that urban area 
(Hoornweg & Paul, 2008:10), and includes a variety of production initiatives (Table 6).  
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Table 6. Summary of UA methods adapted from Game & Primus (2015) (Data retrieved from Germer et al., 
2011; Thormaier, 2014; Despommier, 2013; Despommier, 2011; Specht et al., 2014; Veenhuizen, 2006) 

 UA Methods 
 Uncontrolled Environment Agriculture 

(UEA) 
Controlled Environment Agriculture (CEA) 

Examples Allotments, community supported 
agriculture (CSA), livestock farming, open 
space, permaculture, rooftop farms, urban 
farms, urban gardens, urban forestry, etc. 

Z-farming, greenhouses, vertical farms, etc. 

Main Inputs Low fertilizer 
Organic  
Soil 

Fertilizers (can vary) 
Pesticides (can vary) 
Natural light (seasonal) 
Artificial light 
Water-based growing solutions 
 
* It should be noted that certain CEA use no 
fertilizers or pesticides and grow in a variety of 
substrates that do not include soil 

Application Urban  
Peri-urban  
Small-large scale 
Use of microphytes to clean water and feed fish 
Medium-large scale: Z-farms and vertical farms 

Major Risks Exposure to pollutants 
 
 
 
**Open space: uptake of soil-based 
heavy metals; human and animal 
manure 

High energy inputs 
Artificial fertilizers 
Capital intensive 
Non-labor intensive 
 
**Vertical farms: plant viruses and disease; high energy 
inputs 

Benefits Storm water management 
Adsorption of solar energy 
Compost of organic waste 

High crop yields 
Recycling of Organic Waste 

 
While the most common forms of UA are community and vegetable gardens (Hendrickson & Porth, 
2012), many other methods of production are present. In order to better describe these varying 
methods of production, the examples in this table have been categorized under UEA or CEA. UEA 
plays an important role in urban food systems found worldwide (Game & Primus, 2015:1), and is 
exemplified by community gardens and rooftop farms. Since UEA is physically integrated within its 
surroundings, production is generally smaller in size and tends to impact the environment more 
positively. CEA can be defined as any ‘form of agriculture where environmental conditions (e.g. light, 
temperature, humidity, radiation and nutrient cycling) are controlled in conjunction with urban 
architecture or green infrastructure’ (Game & Primus, 2015:1), and is exemplified by vertical farms. 
CEA tends to be more input, capital, and energy intensive and larger in size when compared to UEA, 
but also tends to generate greater yields of produce and enables higher percentages of recycling due to 
its closed production systems.  
 
Previous emergy analyses on food production have shown similar results to those of urban systems: 
contemporary food production is highly dependent on imported and non-renewable resources (e.g. 
Beck et al., 2001; Bergquist, 2010; de Barros et al. 2009; Maassen, 2017b; Martin et al., 2006; 
Rydberg & Haden, 2006; Zhang et al., 2011, 2012; Zhang et al., 2015), which results in widely 
unsustainable production. Additionally, some of the analyses determined that, based on the commonly 
recommended minimum diet5, feeding urban dwellers with food produced by urban agriculture 
exclusively would be challenging, implying the need for supplementation from some other forms of 
production (e.g. conventional farming methods, VF, imports, etc.) (Bergquist, 2010:261; Maassen, 

                                                
5 2500 kcal/person/day 
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2017b). Despite this, some emergy analyses have shown that urban agriculture can result a sustainable 
alternative in urban development strategies, relying little on few imported and non-renewable 
resources (Bergquist, 2010:260-261). Maassen (2017b) suggests ensuring inputs to the system are 
local, and enhance contribution of local renewable resources would increase sustainability. Additional 
suggestions include increasing recycling and reuse of resources, promoting renewable energy sources 
(solar, geothermal, wind, among others) to replace fossil fuels, and increasing efficiency of inputs 
(Zhang et al., 2015). 
 
Although UA is currently unlikely to turn any city or household entirely self-sufficient, requiring 
roughly one third of the total global urban area to meet the global vegetable consumption of urban 
dwellers (Martellozzo et al., 2014), it has many benefits ( 
Table 7). Despite these benefits, UA has been critiqued in developed countries. While urban agriculture 
provides a much-needed opportunity for city dwellers to reconnect with food production, Tornaghi 
(2014:553) believes that closer scrutiny of [UA] initiatives is needed, stating that “[they] are becoming 
new tools or justifications for a new wave of capital accumulation, economic-growth-led policies, 
privatization of the urban realm and disinvestments in disadvantaged neighborhoods.” These issues 
could be addressed through the participation and cooperation of urban governance mentioned in the 
previous section (4.1 Urban sustainability and urbanization trends), specifically through policymaking 
that deters injustice and exclusion and calls for identifying alternatives to neoliberal urbanization 
(Tornaghi, 2014:563-564). 
 
Table 7. Urban agriculture benefits 

Benefits References 
Complements rural food production  Mougeot, 2000 
Contributed to household food security in times of crisis and 
food shortages 

FAO’s role in Urban Agriculture, 
2018; Game & Primus, 2015 

Decreases crime rates in surrounding areas  Hendrickson & Porth, 2012; Kuo & 
Sullivan, 2001  

Educates growers on sustainability and the environment, 
promoting environmental stewardship. 

Deelstra & Girardet, 2000; FAO’s 
role in Urban Agriculture, 2018; 
Game & Primus, 2015 

Fosters a connection between people and food and 
emphasizes the impacts of food production and consumptions 

Deelstra & Girardet, 2000:54; Feagan, 
2007 

Has the ability to produce greater yields than rural holdings FAO’s role in Urban Agriculture, 
2018; Game & Primus (2015) 

Has the ability to minimize waste by reducing the amount of 
waste created; reusing what can be reused, and recycling the 
rest (e.g. reduces need for food packaging and encourages 
composting) 

Deelstra & Girardet, 2000:51; Game 
& Primus, 2015; Hendrickson & 
Porth, 2012 
 

Improves city environment by helping to: create green spaces 
that lower temperatures and remove pollution; create 
improved microclimates; conserve soils; improve nutrient 
recycling; improve water management; conserve biodiversity; 
maintain the O2 - CO2 balance 

Deelstra & Girardet, 2000:46-48; 
Game & Primus, 2015; La Rosa et al., 
2014  

Increases the locality of food, which shortens the food chain 
and requires less transportation and refrigeration 

FAO’s role in Urban Agriculture, 
2018; Feagan, 2007; Hendrickson & 
Porth, 2012 

Provides sustenance, employment, and income for producers FAO’s role in Urban Agriculture, 
2018; Hendrickson & Porth, 2012 

Supplies nearby markets with more nutritious products FAO’s role in Urban Agriculture, 
2018; Hendrickson & Porth, 2012 

 
In recent years, experts from various fields have identified vertical farming as a revolutionary form of 
agriculture capable of ‘salvaging a food-scarce, ultra-urbanized future’ (Al-Kodmany, 2018:2), due to 
its efficient and sustainable production methods (i.e. energy and water efficient, reduces fossil fuels 
and toxins, restore ecosystems and provide novel and ample opportunities for ‘green collar’ 
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employment) (United Nations, 2017). In addition to already facing food shortages, urban populations 
are susceptible to skyrocketing food prices resulting from increasing oil prices, water shortages, 
inadequate management of other agricultural services, and inefficient methods of food distribution 
(Despommier 2010; 2013; 2014; Touliatos et al., 2016), emphasizing the need for alternative urban 
food production systems.  
 
Vertical Farming (VF) is an agricultural technique involving large-scale food production that enables 
fast growth and planned production by controlling environmental conditions and nutrient solutions to 
crops using cutting-edge greenhouse methods and technologies (Abel, 2010; Banerjee & Adenaeuer, 
2014; Despommier, 2010, 2011). Since the concept reemerged in the late 90’s, researchers have made 
huge strides in VF methods that could provide greater yields and use exponentially less resources than 
conventional farming (Despommier, 2010; Kalantari et al., 2017). The farms’ controlled, closed-loop 
environment maximizes resources use and eliminates the need for herbicides and pesticides (Al-
Kodmany, 2018:6). The future of this research intends to develop these systems to where they can be 
deployed on a global scale (Al-Kodmany, 2018:6). VF can be classified into 3 methods of production: 
hydroponics, aeroponics, and aquaponics ( 
Table 8) (Al-Kodmany, 2018:2). 
 
Table 8. Vertical Farming Methods adapted from Al-Kodmany, 2018:7 (additional information from Storey, 
2015) 

Farming 
Method 

Key 
Characteristics 

Benefits Drawbacks Applicable Technology 

Hydroponics Soilless; uses 
water as a 
growing medium 

Fosters rapid plant 
growth; eliminates 
soil-related cultivation 
issues; decreases use 
of fertilizers and 
pesticides; 

Production relies 
heavily on imported 
inputs and chemicals 
that, coupled with 
lack of oxygen to 
crop roots, may result 
in tasteless produce 

Computerized and 
monitoring systems; 
Cell phones, laptops, 
and tablets; Food 
growing apps; Remote 
control systems and 
software (farming-from-
afar systems); 
Automated racking, 
stacking systems, 
moving belts, and tall 
towers; Programmable 
LED lighting systems; 
Renewable energy 
applications (solar 
panels, wind turbines, 
geothermal, etc.); 
Closed-loop systems, 
anaerobic digesters; 
Programmable nutrient 
systems; Climate 
control, HVAC systems; 
Water recirculating and 
recycling systems; 
Rainwater collectors; 
Insect-killing systems; 
Robots  

Aeroponics Variant of 
hydroponics 
Soilless; involves 
spraying the roots 
of plants with 
nutrient solution 
mists 

In addition to 
Hydroponic benefits, 
requires less water, 
and spurs a much more 
aerobic plant growth. 

Mist nozzles are 
easily clogged with 
algae and biofilm 
growing within the 
system, requiring 
heavy maintenance. 
Temperature shifts 
within the system are 
quick due to a lack of 
medium or substrate, 
requiring extensive 
system control.  

Aquaponics Hydroponics 
integrated with 
fish farming 

Creates a closed 
nutrient system using 
the symbiotic 
relationship between 
plants and fish. 
Nutrient-rich fish 
‘waste’ provides food 
for plants, and the 
plants clean the water 
for the fish. 

Lack of oxygen to 
roots may result in 
tasteless produce 

 
The hydroponic method is a soilless method of food production that cultivates plants in water, with or without 
the support of a substrate (e.g. sand or gravel) (Al-Kodmany, 2018:7). The water acts as the medium through 
which mineral nutrient solutions are distributed and absorbed. Hydroponics has become widespread due to the 
benefits it provides and its overall low-maintenance approach; it is the method current vertical farms rely most 
heavily on to produce food, as shown in Table 11. The hydroponic method relies on three techniques: media bed, 
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nutrient film technique (NFT), and deep-water culture (DWC) (Storey, 2015). Media beds replace soil with 
another substrate that helps anchor roots down; NFT is essentially “a gutter with a cover” that is at a slight 
incline: water is trickled in through the top of the trough to the bottom, forming a thin film over crop roots that 
mat along the bottom; and DWC involves plants growing out of the top of a floating raft with their roots hanging 
below in a solution (Storey, 2015). The lack of soil not only eliminates various soil-related cultivation issues and 
much of the hands on aspects of growing food (e.g. weeding, tilling, kneeling, dirt removal, etc.), but could also 
result in better yields. This is because the nutrients and conditions that affect produce growth can be manipulated 
instead of being left to chance, providing an easier way to control nutrient levels and combinations, and pH 
balances (Hedenblad & Olsson, 2017:17). The heavy reliance on chemicals to supply crops with necessary 
nutrients and mineral elements, however, is a main concern of hydroponic farming (Hedenblad & Olsson, 2017; 
Munoz & Joseph, 2010). This critique is accompanied by claims that the chemicals, coupled with lack of oxygen 
to the roots, make the produce tasteless (Hedenblad & Olson, 2017).  

The aeroponic method, a substrate-less, air and water/nutrient method of food production that fosters 
crop cultivation with little water or sunlight, partially addresses these drawbacks (Al-Kodmany, 
2018:8) Aeroponics is a technologically advanced derivative of the hydroponic method. The 
difference between both methods is the growing medium: hydroponics utilizes water while aeroponics 
has none. In the absence of water, mist is used as a way to disperse nutrients throughout the root 
systems, which makes it one of the most effective and efficient ways of food production (Al-
Kodmany, 2018:7). Not only does it require ninety-five percent less water than conventional farming 
methods, but also requires minimal space for production. Aeroponics encounters problems, however, 
when it comes to maintenance of its systems. A hands-on approach is required for aeroponic 
production: heavy maintenance is needed to keep mist nozzles free of bio-debris present. Additionally, 
the lack of a growing medium leaves plant roots exposed and makes them susceptible to small changes 
in their surrounding environment, further necessitating heavy maintenance and control of the 
production system. 
 
The last method of production is the aquaponics method. Aquaponics integrates aquaculture, or fish 
farming, to hydroponic agriculture, creating a symbiotic relationship between the crops and fish. The 
nutrient-rich waste produced in the fish tank circulates into the hydroponic beds, feeding the plants. In 
turn, the hydroponic beds function as filters for the water circulating from and to the fish tanks, 
removing gases, acids, chemical (e.g. ammonia, nitrates, and phosphates). This process is augmented 
by the use of substrates, which provide a habitat for nitrifying bacteria that augment nutrient cycling 
and water filtration. Due to aquaponics’ efficient circular flow of resources (e.g. filtration of water by 
crops, waste products of one system serve as nutrients for the second, efficient water use, reduced 
need for fertilizers and artificial chemicals, etc.) researchers believe that the method has the potential 
to become a model for sustainable food production (Al-Kodmany, 2018:10).  
 
As it stands today, VF faces various challenges (Table 9) and is projected to provide many benefits. 
One of the main critiques of VF is the high initial investment needed to start up a farm. Initial costs 
and energy are considerable and usually serve as a fundamental barrier to building new farms (Perez, 
2014), especially larger projects (Miller, 2011). This also directly impacts the kinds of produce 
vertical farms grow because lower-risk crops in high demand tend to be prioritized (Storey, 2015). 
Vegetative crops with short growth cycles, like greens and herbs, are selected over crops with longer 
growth cycles, like tomatoes (Storey, 2015). None of the nineteen vertical farms invited to take part in 
this study is investing in growing anything additional to herbs and leafy greens, which could be 
problematic to meeting dietary needs in areas facing food insecurity. Due to their quick growth cycles, 
herbs and leafy greens are less energy intensive than other crops with higher contents of carbohydrates 
and proteins, such as starchy foods (e.g. potatoes, beans, and cassava), requiring less energy inputs to 
grow (USDA, 2018a-e). This is highly important to VF since a major critique is its energy 
consumption.  
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Vertical farms typically have little access to natural light, making artificial lighting, most commonly 
provided by LEDs6 one of the most important components of production (Kalantari et al., 2018:42). 
According to UN Habitat (2018), cities already consume about 75 per cent of global primary energy, 
begging the question of how plants growing in vertical farms will be provided with the energy 
required for plant growth (Al-Chalabi, 2015; Specht et al., 2014). Available LED technologies only 
provide a 28 percent efficiency rate, which should be closer to fifty to sixty percent to make indoor 
farming methods cost-effective (Al-Kodmany, 2018:11). Additionally, artificial lighting gives off a lot 
of heat, which serves as another issue that would interfere with two other major components of indoor 
plant growth: humidity levels and controlled and monitored air conditioning (Kalantari et al., 
2018:42). High prices of land in cities can also add to investment costs (Ahlström & Zahra, 2011), 
impacting location selection for farms (Perez, 2014). Lastly, the ‘laboratory’ perception of VF can be 
off-putting to consumers, giving the appearance that the products or not natural (Specht et al., 2014) 
(Kalantari et al. 2018:42).  
 
Table 9. Vertical farming challenges (data from Al-Kodmany, 2018; Kalantari et al. 2018) 

General Challenges 
High initial investments 
Low crop variability 
Energy dependence and consumption 
Generation of heat due to lighting 
Sterile and alien perception of produce by consumers 
 
The majority of VF’s predicted environmental benefits (Table 10) stem from the fact that it reduces the 
effects of conventional agriculture. As stated in the introduction, conventional agriculture is 
responsible for a variety of global problems. The amount of land needed by agriculture severely 
impact nature, herbal ecosystems, and biodiversity, and so far, great damage has been made to 
wetlands, meadows, and tropical forests, such as the Amazon basins as a result (Banerjee & 
Adenaeuer, 2014; Kalantari et al. 2018:47; Voss, 2013). By moving food production indoors, and 
expanding up instead of out, the surface land needed to produce food is reduced (Banerjee & 
Adenaeuer, 2014; Perez, 2014; Voss, 2013). These areas can then be repaired (Voss, 2013), restoring 
ecosystems (Despommier, 2010, 2011; Ellingsen & Despommier, 2008), or used for other things, such 
as the creation of green spaces that reduce pollution (Banerjee & Adenaeuer, 2014; Despommier, 
2014). It should also be noted that indoor food production is mostly unaffected by weather changes or 
natural disasters, which adversely affects outdoor crops and production yields (Kalantari et al. 
2018:46). Seasons are also irrelevant for indoor food production, resulting in greater productivity per 
area unit. Crops are able to grow throughout the year in vertical farms under their ideal growth 
conditions (Platt, 2007; Sivamani et al., 2013), which increases crop production drastically (Banerjee 
& Adenaeuer, 2014; Despommier, 2011, 2013; Miller, 2011). In other words, changing outdoor 
conditions could require additional energy inputs to the farm in order to maintain indoor conditions 
(i.e. more light, heat, cooling, etc.), but indoor production continues year-round. Also, a variety of 
crops can be grown simultaneously in vertical farms, which means that more food can be grown in 
short amounts of time (Kalantari et al. 2018:44). 
 
Furthermore, instead of following conventional agriculture’s linear resource flows, which results in 
hazardous wastes in the environment, VF’s closed, circular resource flows are more efficient. 
Compared to conventional methods, VF uses ninety-eight percent less water (Despommier, 2010). 
This is especially important to areas experiencing water shortages, since lack of water is the main 
culprit in crop failure in many countries (Banerjee & Adenaeuer, 2014; Despommier, 2009). Using 
vertical farm systems to treat urban water supplies also been proposed (Ellingsen & Despommier, 
2008; Lam, 2007): gray and black water can be purified and converted into drinking water through 

                                                
6 LEDs, or light emitting diodes, are solid-state light sources that emit light from a semi-conductor diode chip. 
LEDs tend to be more energy efficient than other lighting sources, and have many applications in agriculture 
(Dutta Gupta, 2017:23) 
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crop evapotranspiration (Banerjee & Adenaeuer, 2014; Besthorn, 2013; Cicekli & Barlas, 2014; 
Despommier, 2009, 2010; Sauerborn, 2011; Thomaier et al., 2015; Voss, 2013). Controlled 
environments and resource flows are also void of any hazardous pests (Despommier, 2010, 2011; 
Ellingsen & Despommier, 2008; Germer et al., 2011; Sauerborn, 2011), which lead to reductions in 
herbicide and pesticide use (Kalantari et al., 2018:47). This is massively important when it comes to 
nonrenewable resources that have the ability to limit food production, such as nitrogen and 
phosphorous.  
 
Since the middle of the twentieth century, the flow of environmental phosphorus has quadrupled 
(Elser & Bennett, 2011) due to advancements in the production and use of synthetic fertilizer (George 
et al. 2016; Erisman et al. 2013) that have led to “depletion of surface water, pollution of underground 
water and distribution of greenhouse gasses along with other detrimental environmental effects” 
(Kalantari et al., 2018:47). There are currently no strategies in place for dealing with decreasing 
amounts of phosphorous (Germer et al., 2011). Unlike nitrogen, phosphorous cannot be ‘pulled from 
the air,’ it has no known replacements, and peak phosphorous forecasts predict maximum production 
will hit around 2030 (Elser & Bennett, 2011). Lastly, since food is produced within city boundaries, 
less transportation and storage is needed and agricultural dependence on fossil fuels is decreased 
(Banerjee & Adenaeuer, 2014; Despommier, 2010, 2011; Perez, 2014; Specht et al., 2014), as well as 
agricultural impacts to climate change (Banerjee & Adenaeuer, 2014; Germer et al., 2011). In America 
alone, twenty percent of fossil fuels are consumed by the farming industry (Besthorn, 2013), including 
the fuels required for plowing, seeding, harvesting etc., which are irrelevant acts in VF (Voss, 2013).  
 
Table 10. Reported benefits of vertical farming (data from Al-Kodmany, 2018; Kalantari et al. 2018) 

Environmental Benefits 
Drastically reduces effects conventional agriculture 
More productivity per unit of area  
Closed loop system facilitates recycling waste, reducing pollution 
Reduced water demand  
Reduces need for fossil fuels 
Source of energy production 
Acts as a sound insulator 
Reduces urban heat island 
 

Social Benefits 
Improves health and wellbeing 
Increases access to quality foods  
Increases food security (see chapter 4.3) 
Education 
Provides job opportunities 
 

Economic Benefits 
Creates jobs within cities 
Moderates food prices 
Fuels economic activity year round 
 
Vertical farms also have plenty of projected social and economic benefits. With improved living 
conditions comes an improvement in health and wellbeing. Living in close connection with nature has 
been proven to positively influence mental health, diminish stress and reduce obesity (Safikhani et al., 
2014). Numerous studies have also shown that closeness to nature improves individual focus, 
creativity, and stability; lowers stress levels; improves obesity; and promotes a positive self-perception 
and self-value (Afrin, 2009). VF also boosts the presence of healthy, locally produced food within its 
communities. Compared to foods grown outside of cities, locally produced foods have better 
nutritional profiles and are much fresher when they reach consumer (Despommier, 2010, 2011; Specht 
et al., 2014; Voss, 2013). The lack of transportation and dependence on fossil fuels also moderates 
food prices (Despommier, 2009; Ellingsen & Despommier, 2008). In developing countries 
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specifically, this access to fresh locally produced food can greatly contribute to local basic food needs, 
increasing food security (chapter 4.3) (Cicekli & Barlas, 2014). VF can also act as a conduit for 
agriculture, nutrition, and health education, linking producers and consumers (Specht et al., 2014). It 
provides a unique opportunity for education people on all aspects of food production, recreating 
human connections to nature. According to Specht et al. (2014), coordination between farms and 
schools can bring an understanding of nature to the education system, presenting a strong example for 
additional opportunities, 
 
Vertical farms can also be seen as energy saving, as well as a source of energy production due to 
excessive heat given off by the artificial lighting (Thomaier et al., 2015). Excess energy can be used to 
heat up the building the farm is located in or sent back to the grid it receives its energy from. Due to a 
process called evapotranspiration, growing plants indoors brings down the temperature of surrounding 
areas and can be used to adjust the temperature inside buildings, cutting down the energy used in air 
conditioning (Afrin, 2009; Specht et al., 2014; Thomaier et al., 2015). A study on the current state of 
building-integrated agriculture specifically focused on rooftop greenhouses concluded that a building 
with a rooftop greenhouse structure can save up to 41% in heating compared to conventional stand-
alone buildings (Delor, 2011:1). While Delor (2011) states that it is possible to use waste heat from the 
greenhouse to heat a building, the potential of using vertical farming heat waste as a source for heating 
remains largely unexplored. 
 
This concept can also be applied on a larger scale to entire cities through the creation of green spaces 
encouraged by VF (Banerjee & Adenaeuer, 2014). Creating green spaces has proven effective against 
the urban heat island phenomena by enhancing urban microclimates (Ahlström & Zahra, 2012; Cicekli 
& Barlas, 2014; Safikhani et al., 2014; Tan et al., 2015; Thomaier et al., 2015). Vegetation acts as 
obstacles to noise, lower sound reflection, giving vertical farm crops and green spaces noise absorbing 
properties that help manage noise (Afrin, 2009; Safikhani et al., 2014). Vertical farms can also provide 
job opportunities (Cicekli & Barlas, 2014; Despommier, 2010, 2011, 2013; Miller, 2011) and serve as 
great platforms for educating the public on various topics related to urban food production, such as 
nutrition and health, the global food system and its effects, urban sustainability, consumption patterns, 
etc. (Ankri, 2010; Specht et al., 2014; Thomaier et al., 2015). Lastly, VF counts on retro-fitting pre-
existing abandoned areas in cities, such as unoccupied buildings. The transformation of these 
buildings into vertical farms creates economic opportunities in land scarce areas, and positively 
impacts needy communities (Cicekli & Barlas, 2014; Ellingsen & Despommier, 2008; Thomaier et al., 
2015). 

4.3 Food security vs. food sovereignty 
 
Food security and food sovereignty are similar concepts. Both concepts emphasize that: access to food 
is the central problem and redistributive policies must be enacted; food production and productivity 
needs to increase to meet future demands; and acknowledge the connection between food and nutrition 
(FAO, 2013:6). According to Gorillo and Mendez Jeronimo (FAO, 2013:6), both terms are used 
interchangeably, yet food security connotes a multidimensional concept aimed at fighting hunger and 
establishing balanced nutrition, while food sovereignty connotes the ability of a nation state to 
individually define its own food policy without outside interference. Additionally, both concepts argue 
for the ‘Right to food,’ or ‘the right to food in quantity and quality sufficient to satisfy the dietary 
needs of individuals, the right to food that is free from adverse substances and acceptable within a 
given culture, as well as sustainable access to this food’ (FAO, 2013:v)  
 
Two major differences exist however: ideas on power relations and food production methods (FAO, 
2013:vi). Unlike food sovereignty, food security is blind to power relations and does not prejudge the 
concentration of economic power (FAO, 2013:vi). Food sovereignty begins with taking stock of 
asymmetrical power relations present, and calls for governing institutions to balance said inequalities 
(FAO, 2013:vi). It also positions itself within small-scale agricultural production (including livestock, 
forestry and fisheries) that is non-industrial in nature and uses agroecological principles. Food 
security, on the other hand, ‘cannot adopt a single or emphatic position regarding different modes of 
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food production’ due to its roles within multilateral and intergovernmental organizations (FAO, 
2013:vi), and recognizes all forms of agriculture as viable contributors to food systems. 
 
The Committee of World Food Security has stated that “food security exists when all people, at all 
times, have physical, social and economic access to sufficient, safe and nutritious food that meets their 
dietary needs and food preferences for an active and healthy life” (FAO, 2017b:6). Food security has 
four pillars:  availability, access, utilization and stability (FAO, 2017b:6). 
 

Availability 
The availability of sufficient quantities of food of appropriate quality, supplied 
through domestic production or imports (including food aid).  

Access 

Access by individuals to adequate resources (entitlements) for acquiring appropriate 
foods for a nutritious diet. Entitlements are defined as the set of all commodity 
bundles over which a person can establish command given the legal, political, 
economic and social arrangements of the community in which they live (including 
traditional rights such as access to common resources).  

Utilization 
Utilization of food through adequate diet, clean water, sanitation and health care to 
reach a state of nutritional well-being where all physiological needs are met. This 
brings out the importance of non-food inputs in food security.  

Stability 

To be food secure, a population, household or individual must have access to 
adequate food at all times. They should not risk losing access to food as a 
consequence of sudden shocks (e.g. an economic or climatic crisis) or cyclical events 
(e.g. seasonal food insecurity). The concept of stability can therefore refer to both the 
availability and access dimensions of food security. 

 
Food security implies more than food access or food supply; its nature is multidimensional (FAO, 
2006:1). Additional information on its more nutritional aspects and the indicators used to measure it 
has been presented in appendix C for further reference. For food security to be realized, all four pillars 
must be fulfilled simultaneously (FAO, 2008): not only does food need to be available, it also needs to 
be nutritious and support all physiological needs, individuals must be able to access it through various 
means and this availability and access should be safe from any and all threats (e.g. related to 
governance, economic and production issues, demographic and social issues, and climate and 
environment) (FAO, 2017b:8-9). These threats, listed in a more extensive list in appendix C, include 
inadequate governance and policy-making, war and conflict, poverty, low agricultural production, 
demographic changes, poor education, and degradation of ecosystems, to name a few (FAO, 2017b:8-
9).  
 
Food sovereignty on the other hand, is inherent to agroecology and the FAO (2013:iv-v) suggests 
characterizing it using six pillars: 
 

Pillar 1 Focus on food for the people by: a) placing people’s need for food at the center of policies and 
b) insisting that food is more than just a commodity.  

Pillar 2 Values food providers by: a) supporting sustainable livelihoods; and b) respecting the work of 
all food providers.  

Pillar 3 
Localizes food systems by: a) reducing the distance between suppliers and consumers; b) 
rejecting dumping and inappropriate food aid; and c) resisting dependence on remote and 
unaccountable corporations.  

Pillar 4 
Places control at a local level by: a) placing control in the hands of local food suppliers; b) 
recognizing the need to inhabit and share territories; and c) rejecting the privatization of 
natural resources  

Pillar 5 
Promotes knowledge and skills by: a) building on traditional knowledge; b) using research to 
support and pass on this knowledge to future generations; and c) rejecting technologies that 
undermine local food systems 

Pillar 6 
Works with nature by: a) maximizing the contributions of ecosystems; b) improving 
resilience; and c) rejecting energy intensive, monocultural, industrialized and destructive 
production methods  
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These frameworks are incorporated into the analysis in order to assess possible contributions 
stemming from vertical farming. The next section will discuss the results of the study, derived from a 
conceptual emergy synthesis and semi-structured interviews. 
 
  



   36 

5. Empirical Results 
 
This chapter presents the empirical results of this study: the lean emergy synthesis and interviews. 
Section 5.1 presents information collected over case study candidates, which present interesting 
empirical findings, and explains the sustainability of VF according to emergy principles, while section 
5.2 describes the feasibility of implementing it into cities according to urban planning professionals in 
Uppsala. 

5.1 Lean Emergy Synthesis  
 
As introduced in chapter 2.1 (Research approach and design), the selection procedure carried out for 
an appropriate case became its own empirical findings (depicted in Table 11). While only one was 
chosen to participate in this study, this table demonstrates several important points summarized into 
three trends. The first trend identified on this list is vertical farm location. All vertical farm 
headquarters are located in wealthy, industrialized countries (most farms on this list are found in North 
America); the second trend is that the majority of farms on this list implement hydroponic methods of 
production; and the third, and most important trend, is that all vertical farms focus on herb and leafy 
green crop production. 
 
The practices of the selected case were evaluated by applying emergy as a measure of the direct and 
indirect resources that support the farm and food production. The production practices of Vertical 
Farm X are a variation of NFT (chapter 4.2) called Ebb & Flow hydroponics (Owens, 2018). To 
recap, NFT is composed of a long and slightly inclined trough with a cover. The crops grow out of the 
top, while the roots form a mat along the bottom of the trough. Water is trickled over the roots, 
forming a thin film that provides nutrients necessary for growth (Storey, 2015). NFT technique is 
commonly implemented in vertical farms due to the fact that it is fairly inexpensive and effective, 
especially with leafy green production (e.g. lettuce) (Storey, 2015). Additionally, the majority of the 
roots are continuously exposed to air, resulting in well-oxygenated roots and tastier produce. Although 
this is a pro, it can quickly turn into a negative aspect due to the root’s susceptibility to rapid 
fluctuations in temperature. Exposed roots are susceptible to changes in the immediate environment, 
so temperature swings can have drastic impacts to crop production (Storey, 2015). The warmer the 
environment, the hotter the solution that flows through the system becomes, which makes NFT 
techniques not practical for hot and tropical environments (Storey, 2015). Furthermore, as the solution 
heats up, oxygen solubility in the solution decreases, and results in oxygen starvation of the crops 
(Storey, 2015). 
 
Ebb & flow deviates from NFT in that pots containing a substrate (e.g. sand or gravel) meant to root 
down the crops are placed within the NFT trough, or flood tray. The system is then periodically 
flooded for short periods of time with the nutrient solution, pumped from a reservoir below the tray, 
which is then drained back to the reservoir through the pump (ModularHydro.com, 2011). Vertical 
Farm X grows all its plants from seeds in a Crop Germination station inside the vertical farm (Owens, 
2018). The seeds are placed within plastic boats containing coco-peat, which are then placed within 
metal trays. These metal trays act as the flood trays, which are periodically flooded with nutrient 
solution. Once germination occurs, whole seedling trays are then transferred into the growing system 
via mechanized processes, where they will stay until harvest. Transplanting can occur at any point 
during the year since VF is unaffected by seasonal changes (Owens, 2018). 
 
Coco-peat, a natural fiber made out of coconut husks (Aboksari et al., 2018), is the most commonly 
used substrate in Vertical Farm X’s systems (Owens, 2018). Although their crops are not considered 
organic, their installations can grow crops pesticide-free; the only added chemicals in production tend 
to come from nutrient solutions, which can be synthetic or organic, or from cleaning and 
decontamination processes (Owens, 2018). A combination, or mix, of different nutrients (e.g. N-P-K, 
Ca, Mg, sulphates, etc.) is used to create fertilizers for the plants (Owens, 2018). Rainwater provides 
most of the water used in the system, which is supplemented with municipal water in the case of 
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shortages. Water is collected on water collectors on the roof of the farm, which is then sent to water 
tanks inside the farms to be used during production (Owens, 2018). 
 
Table 11. Potential case study candidates & correspondence 

 Vertical Farm Description Status 
1 Plantagon 

International AB 
Stockholm, SE 

Vertical farm – hydroponics 
Focus: herbs and leafy greens 

Skype call on 25/01/2018 
Not yet started production – unable to 
provide pertinent data 

1 Plenty Farms 
San Francisco, CA 

Vertical farm – hydroponics 
Focus: herbs and leafy greens, 
testing fruit and vegetables 

Never replied 
Not yet started production – unable to 
provide pertinent data 

2 Aero Farms 
Newark, NJ 

Vertical farm – aeroponics 
Focus: herbs and leafy greens 

Never replied 

3 Freshbox Farms 
Millis, MA 

Vertical farm – hydroponics 
Focus: herbs and leafy greens 

Never replied 

4 Urban Organics 
Saint Paul, MN 

Vertical farm – aquaponics 
Focus: herbs and leafy greens 

Never replied 

5 Sky Greens 
Singapore 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Never replied 

6 Green Sense Farms 
Portage, IN 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Replied on 08/02/18 
Scheduled a Skype call that was postponed 
by operation contact. After reaching out to 
reschedule, no one replied. 

7 Urban Crop 
Solutions 
Beveren, Belgium 

Developers of fully automated 
indoor farming systems 
Vertical Farm and Container System 
Focus: herbs and leafy greens 

Replied on 08/02/18 

8 AmHydro 
Arcata, CA 

Manufacturers of NFT systems and 
bucket systems 

Replied on 08/02/18 
 

9 Vertical Farm 
Systems 
Australia 

Developers of fully automated 
indoor farming systems 
 

Replied on 08/02/18 
Have yet to install systems and lack 
pertinent data 

10 Green Spirit Farms 
New Buffalo, MI 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Never replied 

11 Bright Agrotech 
San Francisco, CA 

Developers of fully automated 
indoor farming systems 

Never replied 

12 Arctic Greens 
Kotzebue, AK 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Never replied 

13 Freight Farms 
Boston, MA 

Vertical farm shipping containers – 
hydroponics 
Focus: herbs and leafy greens 

Replied on 08/02/18 
Run a small operation and had insufficient 
resources and staff needed to participate 

14 Square Root 
Brooklyn, NY 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Never replied 

15 Living Earth Farms 
Toronto, Canada 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Never replied 

16 Local Grown Salads 
Toronto, Canada 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Replied on 08/02/18 
Non-operational at the moment. Interested 
in the study but unable to provide pertinent 
data. 

17 Cubic Farms 
BC, Canada 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Never replied 

18 Verticrop 
BC, Canada 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Never replied 

19 Gronska 
Stadsodling 
Stockholm, SE 

Vertical farm – Hydroponics 
Focus: herbs and leafy greens 

Replied on 06/05/18 
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All other farm inputs, which include everything from crop seeds to the building materials required for 
the farm, are imported (Owens, 2018). Most of the farm structure is made of steel, water pipes and 
trays are made out of PVC, and everything has an estimated lifespan of 15 years (Owens, 2018). Since 
vertical farm production has yet to be fully automated, one vertical farmer is employed for operating 
the machinery that plants the seeds, transfers seedling trays, and harvests the produce (Owens, 2018). 
Vertical Farm X has yet to validate fruits or flowers for vertical farming, focusing instead on over 180 
possible crops, including various kinds of lettuces, herbs, brassica, etc. (Owens, 2018).  
 
The yearly production of the vertical farm for this study resulted in 2.2 tons of basil, substrate waste, 
and unsellable plant material (Owens, 2018). According to Vertical Farm X’s website, cultivating 
produce in automated indoor farming systems can yield up to 91.5 million crops per year: a result of a 
variety of factors previously mentioned in Chapter 4.2 (Urban agriculture and vertical farming). The 
website also provides a comparison of conventional farming to Vertical Farm X’s production system 
in order to showcase higher yields and year-round production capabilities, shown in Table 12. 
 
Table 12. Vertical vs. Conventional farming (adapted from VerticalFarmX.com, 2018) 

 Conventional Farming Vertical Farm X  
Crop turnover rate 70 days 21 days 
Number of crops per m2 18 25-300 
Crop cycles Seasonal 365 day/year 
Water usage 35 liters 1.5 liters 
Pesticides/Herbicides Often Never 
Location Open field Everywhere 
Post-harvest handling High Low 
 
The inputs to and list of processes for Vertical Farm X are listed in appendix D (Table 15), and were 
provided via personal communication with a contact at Vertical Farm X. Where there were gaps in 
data, estimates were made using the best available resources and comparable studies. The inputs can 
be simplified into two categories: local renewable inputs (R) and imported inputs (F) (Table 16). Rain 
water is the only input classified as local renewable, while electricity, seeds, building materials (Steel, 
PVC, isolation panels) (Owens, 2018), fertilizers (N-P-K) (Owens, 2018), the substrate (coco-peat) 
(Owens, 2018), labor, machinery and services classified as imported. Once the system’s boundaries 
and inputs were defined, UEVs were found for each input to the system. These were then converted to 
fit the new GEB established by Brown et al. (2016:94), which was done by multiplying any UEVs 
obtained through analyses under earlier baselines by the ratio of the new baseline to the older one. The 
list of transformities and any respective ratios used in this study are listed in appendix D. The updated 
UEV’s, located in Table 16, helped finalize the system diagram by defining the placement for all 
system components in relation to each other: the higher the component’s UEV the further to the right 
on the system diagram it is.  
 
The system diagram (Figure 8) depicts the vertical farm and the processes necessary for its production. 
It also depicts the system boundary for food production in the city Vertical Farm X is located in, the 
forces driving the system, the interactions generated between the system components, and any outputs 
generated by the system. The outer frame contains the city metro area and the inner frame contains the 
vertical farm operation. Even though the inner frame is depicted as a subsystem embedded within the 
city, it represents the main system boundary for this study, otherwise known as the window of 
attention. Local renewable (R) and imported (F) resources are shown on the left and top of the diagram 
respectively. There are no local, nonrenewable (N) inputs. Inputs in this system defined as R include 
the collected rainwater used to water the crops. Since only one input is present for R, double counting 
is avoided from any approximations in the indices. Inputs into the system defined as F include all other 
inputs to the system, and include everything from electricity to services. Outputs generated by the 
system are represented as outflows on the right side of the diagram.  
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Figure 8. Vertical Farm X system diagram 

Most important to observe within the diagram lies with the sources of inputs in to the system and their 
locations to each other. The majority of inputs into the system lie directly above, meaning that those 
inputs are imported and nonrenewable; rain is the only input classified as local, renewable. While this 
study does not provide quantities used for each input, the presence of local, renewable inputs pales in 
comparison to the imports needed for vertical farm system production. 
 
Emergy also accounts for labor and services (chapter 3.2). This is done by considering the human 
activities in labor and services as work applied to other resources, further adding to energy quality and 
economic cost (Ulgiati & Brown, 2014). Services include the indirect environmental and economic 
support and labor applied to a system from a larger scale; labor includes any direct human labor 
applied to the system (Brown & Ulgiati, 2004a). The system diagram, combined with accounts from 
the contact person at Vertical Farm X (Owens, 2018), indicate that the majority of all emergy flows 
for the pilot vertical farm come from imported resources (F), while local, renewable resources (R) play 
a much smaller part, depicting a system that relies heavily on purchased imports to carry out its 
processes.  
 
Previous emergy studies on urban food production and urban system sustainability are referenced 
throughout the study in order to enable comparisons between those systems and the system 
investigated here. In coordination with the system diagram, the use of other systems and their 
completed emergy studies has presented a useful alternative for estimating the relative sustainability of 
Vertical Farm X. By studying the emergy indices calculations of other systems, estimations were made 
possible for Vertical Farm X based on the system diagram in accordance to the indices expressions 
(i.e. equations) (Table 13). In order to more accurately determine the sustainability of the pilot vertical 
farm, the indices calculated are the EIR, EYR, %Ren, ELR, ESI. 
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Table 13. Emergy indices estimates (derived from diagram and personal comms.) 

Emergy Indices Expression Expected Results 
Emergy Investment Ratio (EIR) F/(R+N) High # 
Emergy Yield Ratio (EYR) Y/F Low # 
Percent Renewable (%Ren) R/(R+N+F) or total emergy Low % 
Environmental Loading Ratio (ELR) (F+N)/R # < 1 
Emergy Sustainability Index (ESI) EYR/ELR # < 1 
 
As previously mentioned (chapter 2.4.2), systems with high %Ren are considered to be sustainable, 
which is significant for this study. As can be approximated according to the index expression, the 
small support offered by R to the system in relation to F indicates that food production in the vertical 
farm cannot currently be considered sustainable. R in this system is identified exclusively by the 
amount of rainwater the vertical farm uses; as detailed in chapter 4.2 (Urban agriculture and vertical 
farming) and Table 12, vertical farming reduces the need for water inputs a considerable amount. This 
point further decreases the amount of R inputs present within the system in comparison to the large 
amount of imports (F) and investments currently needed to drive the system forward, indicating that 
local resources are not implemented efficiently.  
 
%Ren is also important due to its influence on the rest of the emergy indices and ratios. The pilot 
vertical farm combination consisting of a small R input, an absent N input, and a reliance on large 
amounts of imports (F) suggests that the system would also result in a high value EIR. This value 
indicates that further considerable investments are needed to maintain production processes at the pilot 
farm. 
 
The EYR of the system is the ratio of total emergy yield (Y=R+N+F) to imported resources (F). The 
lowest possible value for this indicator is 1, which denotes an inefficient system (e.g. bad) and poor 
usage of local resources. According to Brown & Ulgiati (2004a), values around 1 describe a system 
that is incapable of efficiently using available local resources, since the system propagates the same 
amount of emergy required to maintain itself and provides minimal net emergy back to the economy. 
The vertical farm operates in effect of F and only relies on collected rainwater for R; it can be 
concluded that EYR values for this system would result close to 1. These observations indicate that 
this system behaves as a consumer system that consumes, or transforms, more resources than it 
provides back to the environment (Brown & Ulgiati, 2004a). 
 
According to Brown & Ulgiati (2004a), values above 10 for ELR is high and considered inefficient, or 
bad, and values around and below 2 denote systems with relatively low environmental impacts. ELR is 
the ratio of nonrenewable inputs to the system, F and N, to renewable local imports, R. For this 
system, the F value is large, N is a nonfactor, and the R value is relatively small, implying that ELR 
would result in a large value. Large EYR and ELR values indicate that the vertical farm system has 
high environmental impacts and that it does not use the local environment efficiently to dilute those 
impacts (Brown & Ulgiati, 2004a), which reveals an inability for the vertical farm system to develop 
and use local natural processes and inputs. 
 
The emergy sustainability index, or ESI, is a ratio of the emergy yield ratio, EYR, and the 
environmental loading ratio, ELR. Ideally, the ESI values should be as large as possible to indicate 
sustainable systems. ESIs less than 1, especially where EYR=1 and ELR > 10, indicate developed 
consumer systems (Brown & Ulgiati, 2004a), while ESIs greater than 1 indicate a system that has a net 
contribution to society that does not heavily affect the environmental equilibrium (Brown & Ulgiati, 
2004a). With expected values for EYR ~ 1 and a large ELR, the predicted ESI for this system suggests 
a strictly consumer-oriented system that fails to contribute to society without considerable resource 
inputs. 
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5.2 Vertical farming in Uppsala: the urban planner perspective 
 
In order to get a better idea for how city planning takes place, two individuals working within Uppsala 
municipality (Sweden) were interviewed: Svante Guterstam, a strategic urban planner focused on the 
more comprehensive aspects of early planning, and Linda Wallgren, a landscape engineer focused on 
park maintenance. Since the interviews were semi structured, they are not identical, yet each interview 
offered information that was similar to and supported the information of the other. Both interviewees 
stated that sustainability is very present in their work. In strategic urban planning, sustainability is 
incredibly present and important on paper, making the interviewee quite conscious about sustainability 
within the city (Guterstam, 2018, pers.com.), while park maintenance deals hands on with questions of 
urban sustainability (e.g. water usage and distribution, increasing permaculture tenets in urban 
gardening, choosing longer lasting and environmentally friendly building materials, etc.) (Wallgren, 
2018, pers.com.). 
 
For Guterstam (2018, pers.com.), urban sustainability reflects urban spaces that prioritize human 
needs. The key to a ‘good’ and ‘beautiful’ urban space, suitable for people and wildlife, revolves 
around the space’s environmental wellbeing. This includes prioritizing blue-green spaces and 
infrastructure, and protecting biological diversity. Instead of using the ecosystem in naturally 
beneficial ways and fostering ecosystem services, the natural environment is currently seen as 
decoration. 
 
Guterstam (2018, pers.com.) views food production in cities as ‘extremely important,’ and a 
productive and beneficial tool to improve the living environment that also increases civic participation. 
After Uppsala promoted urban agriculture last year, he witnessed unexpectedly high levels of citizen 
engagement and participation. Mentioning the alarming ways in which industrialized agriculture 
affects the environment and biological diversity, he highlights the nonexistent connection between 
urban inhabitants and their food, emphasizing a need for projects that create this relationship. 
Stadsjord, a company based in Gothenburg that focuses on merging city planning with modern food 
production techniques (Wennberg, 2018), is referenced as an example of this: ‘they are farming in 
unexpected ways in the city and it has so much social value’ (Guterstam, 2018, pers.com.). However, 
many factors affect whether or not food production is involved in city planning, which is also how 
Guterstam refers to VF in urban spaces. As an ‘urban planner, [he] comes across [the concept] 
constantly,’ and believes that VF brings a lot of added value to densely populated areas (Guterstam, 
2018, pers.com.). Despite this, he doesn’t see it as a solution for the issues plaguing urban areas. 
 
According to Guterstam (2018, pers.com.), societal development is ‘conservative’ in nature. There 
exist various stakeholders and economic drivers interested in maintaining the status quo, which make 
change very difficult to achieve. He recently experienced this while planning Ulleråker, a pioneer 
project for sustainability in urban planning, where he described the implementation of sustainable 
alternatives and decision-making as ‘impossible.’ In his opinion, the project resulted unsuccessful. 
This conservatism forms the basis for why urban agriculture, and subsequently VF, has not been able 
to take hold in city planning. As it stands today, Guterstam states that food production is not a priority 
for the municipality, even if it might be important to urban resiliency in the future. In order to focus on 
it, it has to be prioritized by individuals working within the municipality that already have 
municipality-sanctioned projects to accomplish, which ‘requires a lot of work.’ Additionally, working 
in urban spaces is not straightforward: much of the time, urban spaces are owned privately and not by 
the municipality. The inability to freely use urban spaces hinders the efficacy of urban planning, which 
is the case for municipality-led urban agriculture projects. 
 
Furthermore, VF is up against greater challenges. Despite Guterstam (2018, pers.com.) describing it as 
‘naturally beneficial,’ he’s skeptical about its abilities to take root in a city, especially projects where 
building structures is involved. Land values in central Uppsala are so high that, unless ‘high-demand 
projects like housing, workspaces, or schools are involved’, VF business plans would ‘never be able to 
compete’. The high levels of competition would require that VF have a business plan that is profitable, 
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or at least more profitable than housing or workspaces. From Guterstam’s (2018, pers.com.) urban 
planning perspective, the municipality would need to ‘be convinced’ of the added societal values so 
that, like planning for parks, they could plan for urban food production as well. In order for VF to 
succeed it would need to be paired up with something the municipality considers a priority, like public 
health. According to Guterstam, ‘if you have an environment with restorative values where people can 
hang out, maybe to maintain the farm, you might have a very valuable synergy.’ Another possibility 
included local universities, which would involve a research project resulting in innovation potential, 
funding opportunities, and local benefit that would attract attention and funding to the city (Guterstam, 
2018, pers.com.). Most importantly, however, is the sentiment that VF does not pose a solution to 
issues of urban sustainability. He ‘thinks that there would be easier steps to follow before [VF] 
happens’; low-investment farming around cities and on roofs like the previously mentioned Stadsjord, 
seems more viable than building huge constructions.   
 
For Wallgren (2018, pers.com.), urban sustainability looks very similar to Guterstam’s, revolving 
around environmental wellbeing and strong citizen relationships to it. Green spaces are the most 
important indicator of a sustainable urban space, which include parks, football fields, safe bike paths 
and walkways, and places to barbecue. Wallgren (2018, pers.com.) believes that city planning and 
maintenance should augment ecosystem relationships and help the urban environment take care of 
itself. Additionally, urban food production would adopt a more central role, possibly being taught 
from early ages at schools. Wallgren (2018, pers.com.) also mentions the need for urban areas to 
provide affordable transportation, a major issue in Uppsala, as well as adequate measures for waste 
management.  
 
When it comes to urban agriculture, Wallgren (2018, pers.com.) has a lot of personal experience: in 
addition to growing many edible crops in her own garden, she has grown food in larger allotments in 
the past and has held meetings with civilians interested in establishing various urban agriculture 
projects. Wallgren (2018, pers.com.), like Guterstam (2018, pers.com.), mentioned the unsustainability 
of industrial agriculture today, and believes that urban food production has many benefits that 
positively correlate with ‘better planning’, such as selecting fruit trees over park trees. Mature fruit 
trees that provide fruit within their first year tends to be much cheaper to plant than ‘park’ trees, which 
have been selectively bred to be taller but provide no additional services (Wallgren, 2018, pers.com.). 
Wallgren also mentioned Stadsjord and the city of Goteborg as a positive example for municipality 
sponsored urban food production, where Goteborg municipality allocated ‘up to seven million kronor 
[in funding] to farmers and people [wanting] to start this kind of food production.’ Unfortunately, 
Uppsala’s urban planners do not receive this kind of support. Like Guterstam, Wallgren spoke of 
various factors that impede urban food production in Uppsala, which revealed further skepticism for 
VF ventures.  
 
According to Wallgren (2018, pers.com.), planning today is politicized and prioritizes financial 
profitability, which makes change within the municipality sluggish. Lack of political will also 
influences capacity for change within urban areas, especially when garnering sufficient support for a 
cause can take years (Wallgren, 2018, pers.com.). Wallgren also cited civilian education as a huge 
barrier for those wishing to establish change: in order to make changes, citizens need to remain ‘on 
board’. Many times, citizens are ignorant to why certain changes need to be made, preferring the ‘old 
way of doing things.’ The additional energy needed for education in combination with the lack of 
dynamic governance needed to implement novel change illustrates reasons for the absence of food 
production in the city. Despite an interest in food production from citizens, urban agriculture is far 
from a priority (Wallgren, 2018, pers.com.): ‘if [she] were to answer today, [Wallgren] would say that 
[food production] is not one of the core things a municipality should do.’ Like Guterstam, Wallgren 
emphasized the lack of personnel within the municipality focused on urban agriculture. In order to get 
food production projects started, which are mostly seen as hobby, the responsibility lies with ‘idealists 
that burn for it’ and not with people who expect to receive monetary compensation for their work. 
Wallgren also mentioned the municipality’s inability to freely use urban spaces, and additional 
bureaucracy and regulations that hinder the efficacy of urban projects, such as EU tenders that add 
complexity to growing and selling food within the city. 
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As for VF, Wallgren (2018, pers.com.) had previously tried to incorporate it in a planning project, 
which raised several questions that echoed Guterstam’s: ‘where should [they] put it?; where would 
they find the right property owner?; How would they make it profitable?’ Wallgren (2018, pers.com.) 
thinks that ‘finding a house built only for growing is too hard to make profitable these days,’ but that 
growing in a few spaces nobody uses might be more feasible, and also cites technology costs as a 
major hurdle. Wallgren makes the connection between VF and schools, speculating that it has the 
potential to educate younger generations while simultaneously engraining the concept as ‘part of the 
[urban] system.’ Lastly, according to Wallgren, local food production could be made more important 
and necessary by the Swedish government through taxes and other regulations that encourage national 
food production and discourage imports. Imports make local food production unnecessary; if you do 
not currently need to do something, the odds are that the system will not adapt until it has to.  
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6. Analysis 
 
This chapter presents the empirical findings from chapters 4 and 5, further assessing them according to 
the selected theoretical conceptual framework (chapter 3.3). First, the sustainability of the vertical 
farm is analyzed according to systems theory and emergy tenets (chapters 3.1 and 3.2). This is 
followed by an analysis of the impacts and feasibility of vertical farm implementation into cities today 
according to the conceptual framework (chapters 3.3).  

6.1 Lean emergy analysis 
 
According to Vertical Farm X’s website, Vertical Farm X materialized as a response to decreasing 
availability of agricultural land, projected population growth, and increasing urbanization trends. Their 
vertical agriculture systems are promoted as year-round producing operations, tailor-made to suit any 
space, that function using minimal fresh-water and energy efficient LED lighting 
(VerticalFarmX.com, 2018). Additionally, more than 180 leafy green and herb crops have been 
identified as suitable for their vertical farming systems (VerticalFarmX.com, 2018). This information 
forms a crucial aspect of their production model, which exclusively focuses on herbs and leafy greens, 
much like other vertical farms considered as potential units of analysis for this study (Table 11). 
Additional information presented on their website are some of their identified potential customers: 
food production and processing, retail, medicinal, and architectural markets, in addition to areas 
experiencing food crises where their products can be supplied at ‘reduced (subsidized) tariffs’ 
(VerticalFarmX.com, 2018).  
 
As can be seen, the perceived sustainability of their systems is intrinsic to their marketing, yet vertical 
farming systems’ dependence on imports to cultivate calls this into question. Out of all resource inputs 
required by the farm for production, only water classifies as local and renewable (R). This particular 
resource allocation could be reflective of the system boundary (chapter 2.4.1), which defines what 
components are evaluated and how they are considered as inputs (R, N, or F). Had the system 
boundary been expanded to include all of Belgium in the ‘local’ window of attention, more inputs to 
the system may have been defined as local, nonrenewable (N) improving the renewability of the 
system.  
 
As previously mentioned, a system’s sustainability is directly connected to the contributions it receives 
from local renewable sources, or its %Ren index. Vertical Farm X receives little local, renewable 
inputs, and lacks the feedbacks necessary to further reinforce its production process, effectively 
sabotaging any chance for system sustainability. However, if more resources qualified as R and 
autocatalytic feedbacks were established, %Ren would increase and EIR and EYR values would 
decrease, effectively reducing the investments needed to maintain indefinite production at the farm. 
An example of this, and the widening of a study’s window of attention, is shown in the emergy 
scenarios conducted by Maassen (2017b) on an urban farm, which shows that decreasing imported 
inputs (F) and increasing local renewable inputs (N) can have a positive impact on the sustainability of 
food production systems, even if it doesn’t make the system entirely sustainable. 
 
While the unsustainability of Vertical Farm X’s system is supported by this study’s results, an 
important consideration is the immaturity of VF systems, which are still in the early growth phase of 
their development. While this early growth phase is characterized by inefficiency and chaos, it also 
possesses a huge potential to improve, forming an important aspect in the comparison of mature (i.e. 
conventional agriculture) and young (i.e. VF) systems. Theoretically, systems that have been around 
for long period of time (e.g. ecosystems) have organized and reorganized themselves, creating 
hierarchies that efficiently transform energy and generate storages and feedbacks that reinforce their 
own production, becoming sustainable over time (Odum, 1996:280). In other words, sustainable 
system design revolves itself around the maximum empower principle and its concepts (Odum, 
1996:280). These characteristics are lacking in VF, a young system, but are surprisingly also absent in 
conventional agriculture as well. Maximum empower properties also indicate, however, that optimum 
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efficiency is less during the growth phase of the system than at maturity (Odum, 1996:280), which 
provides a positive narrative for VF systems and highlights their potential.  

6.2 Framework for urban food sovereignty 
 
The conceptual framework developed in chapter 3 is introduced to assess the impacts of VF. Under 
this framework, VF would form only a small part of much larger system working towards 
agroecological food sovereignty. Attention is aimed at VFs contributions and shortcomings within this 
system from the perspective of food sovereignty, which is integral to agroecology, and is assessed 
through four identified elements (e.g. Critique of ideology, Equity, Ecology, and Politics) depicted in 
Error! Reference source not found..  

 
Figure 9. Proposed framework for VF analysis via food sovereignty lens 

6.2.1 Critique of dominant ideology 
 
While vertical farming critiques current food production as unsustainable, and operates under the 
assumptions that food production needs to increase in order to meet growing population demands, it 
does so under the influence of food security, not food sovereignty (chapter 4.3). As such, vertical 
farming does not critique overarching systems, and does not acknowledge, look for, or seek to address 
unequal power relations in neither food nor urban systems.  

6.2.2 Equity 
 
Equity involves 1) identifying power relations in order to address issues of social inequality and 
unequal access to resources, and 2) supporting social movements concerned with reforming and 
transforming food systems that support marginalized, smaller stakeholders. Equity’s focus has also 
manifested as food justice, which is defined as being related to three key areas for action: “(i) seeking 
to challenge and restructure the dominant food system, (ii) providing a core focus on equity and 
disparities and the struggles by those who are most vulnerable, and (iii) establishing linkages and 
common goals with other forms of social justice activism and advocacy—whether immigrant rights, 
worker justice, transportation and access, or land use” (Gottlieb & Joshi, 2010:ix).  
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As previously explained in chapter 3.3 (Urban political agroecology – a conceptual framework), pure 
agroecological movements are spearheaded by rural social movements based on scrutiny of dominant 
global food systems. Additionally, these social movements work closely with research to implement 
agroecological principles and innovative solutions that help protect and fight for equity when it comes 
to territories, natural resources, lifestyles, and traditions. These social movements are important since 
small household producers, peasants and small-scale traditional farmers in more rural areas, produce 
the majority of food today. However, as important as ‘the rural’ is to this conversation, ‘the urban’ is 
quickly becoming a prominent player. The global food system does not only focus on marginalizing 
rural communities; it affects urban communities as well. As discussed in chapter 4.1, demographic 
changes will result in more urban food consumers and less rural food producers, many of which will 
move to urban areas in search of economic opportunities. While urban areas hold the potential for 
greater economic opportunities, many urban dwellers still experience food insecurity. 
 
According to Cohen & Garrett (2009) hundreds of millions of urban dwellers experience poor 
nutrition due to a lack of income, sometimes so low that health and nutritional status are at risk from 
any staple food price increase (e.g. corn, wheat, rice, potatoes, cassava, etc.). As a result, urban income 
disparity, and the power relations that cause it, is the most important social inequality issue for equity. 
Despite its intentions of providing food for the world, vertical farming is primarily a business; as such, 
it is a product and service available mainly to those who can pay for it. This is emphasized in Table 11, 
which shows that all vertical farms considered for this study are currently located in wealthy, 
industrialized countries. VF does not seek to challenge or specifically address uneven power relations. 
The commerciality of VF renders it vulnerable to Hagbert’s (2016:20) critique of urban agriculture; 
green washing and exploitation of sustainability concepts to increase VF marketability can perpetuate 
and exacerbate existing inequalities. The privilege aspect of VF also applies to any potential social 
impacts, which are identified in this study as improved health and wellbeing, provision of food 
education and job opportunities, and increased access to quality food and food security.   
 
Although the presence of VF might not necessarily improve equity, it definitely forms part of growing 
urban social movements that focus on food security and food justice. As depicted by Table 11, vertical 
farms are being established in various countries around the world. Referencing their webpages, it can 
be noted that the farms operate under similar conditions to Vertical Farm X: vertical farming is a more 
environmentally friendly form of food production that results in high quality produce capable of being 
implemented anywhere. Some, like Freight Farms, focus on creating social change outright: ‘The 
Leafy Green Machine™ is the perfect platform for creating community-focused programs targeting 
better nutrition, increased employment, effective therapy, well-rounded education, and much more’ 
(Freight Farms, 2018). Education is an area where vertical farming can have a huge impact within 
urban areas. Bringing food closer to consumers can spread awareness on production processes and 
cause consumers to relate more to the food they eat. Additionally, as Guterstam and Wallgren mention 
(chapter 5.2), pairing VF with potential educational aspects may be a great business case for 
introducing vertical farms into urban markets. 
 
Important to this study is VF’s contributions to food security and food sovereignty. As detailed in 
chapter 4.2, due to their low-energy intensive and quick growth cycles, herb and leafy green crops are 
prioritized over crops that are more energy intensive but contain higher contents of carbs and proteins 
(e.g. starchy vegetables). While both starchy and non-starchy vegetables are rich in nutrients and fiber 
(USDA, 2018a-e), starchy vegetables pack three to four times as many carbohydrates and three to six 
times as many calories per half-cup (78 grams) compared to their non-starchy counterparts, which 
includes herbs and leafy vegetables (USDA, 2018a-e). Additionally, starchy vegetables, especially 
legumes (e.g. beans, chickpeas, lentils) are a better source of protein than non-starchy vegetables 
(USDA, 2018a-e). They contain up to nine grams of protein per half-cup (78 grams), which helps 
promote feelings of fullness, and helps build and preserve muscle mass and strength (Dhillon et al, 
2016; Stokes et al. 2018; USDA, 2018a-e). Taking this information into consideration raises questions 
regarding herb and leafy green contributions to food security. In order to address hunger and 
malnutrition, food rich in carbohydrates and protein (i.e. energy) is needed, indicating that preference 
should be given to starchy, more energy intensive crops, which would require even more energy for 
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vertical food production than is currently consumed. As previously discussed (chapter 4.2), vertical 
farming already faces criticisms for consuming vast amounts of energy; cultivation of crops (e.g. 
legumes, cassava, etc.) that could make more positive contributions to food security, hunger, and 
malnutrition would further increase the energy needed by vertical farms to contribute to food 
demands. As such, crop choice forms a key aspect for vertical farming contribution to food security, 
alternative food systems, and their sustainability. 
 
Food security impacts can also be approximated by looking at food security’s four pillars (Figure 10): 
availability, access, utilization, and stability (chapter 4.3). Vertical farms could provide a portion of 
domestic leafy green and herb production, helping provide availability of additional quantities of food 
and increase the stability of supply. As stated prior, the ‘nutritional quality’ of this food is 
questionable. Utilization, or how to use food to reach a state of nutritional well being, can be 
addressed through educational projects taking place in vertical farms. Lastly, access to food provided 
by vertical farming could be determined by socioeconomic standing, indicating that not everyone 
needing access would be provided access to this method of production.  
 

Availability VF could improve availability, however the appropriateness of the food being 
provided (i.e. low energy, low protein) is questioned. 

Access Access facilitated by VF is currently determined by socioeconomic standing, 
indicating unequal distribution of commodities, or access 

Utilization 
Utilization is the pillar where VF could have the greatest impact, especially when 
combined with educational and other community projects, highlighting the 
importance of non-food inputs in food security.  

Stability 
This pillar refers to both the availability and access dimensions. While the access 
dimension is currently not positively affected, VF could help buffer food supply 
from environmental shocks as well as improvement to availability  

 
Figure 10. VF contribution to food security 

In relation to food sovereignty (Figure 11) equity relates to pillars two (values food providers) and four 
(places control at local level). While it cannot be said that vertical farming does not support 
sustainable livelihoods or respect the work of food providers, it does not aim (or at least not yet) to 
fully place control at the local level. As mentioned earlier, vertical farming is primarily a business. 
There are currently no vertical farms or VF providers promoting services or farms for free, and as such 
do not reject the privatization of natural resources. Although not politically motivated, the Freight 
Farms campaigns that aim to create community-focused programs that improve living standards show 
that VF does have the ability to place people and their needs at the center of their operations (pillar 
one).  
 

Pillar 1 While not politically motivated, VF shows an ability for placing people’s needs at the center 
of their operations 

Pillar 2 Unclear whether VF supports sustainable livelihoods  

Pillar 3 
VF aims to localize food systems. While it reduces the distance between suppliers and 
consumers, it is highly dependent on remote and unaccountable corporations (resources) 
(further described in chapter 6.2.3) 

Pillar 4 Unclear whether VF aims to place control in the hands of local food suppliers, yet it does not 
reject the privatization of natural resources  

Pillar 5 VF promotes the direct opposite of the concepts supported by this pillar (further described in 
chapter 6.2.3) 

Pillar 6 
Works with nature by: a) maximizing the contributions of ecosystems; b) improving 
resilience; and c) rejecting energy intensive, monocultural, industrialized and destructive 
production methods  

 
Figure 11. VF contribution to food sovereignty 
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6.2.3 Ecology 
 
Implementation of ecological principles from science and research in order to manifest more 
sustainable and just systems formulates the ecology aspect of this analysis. The results of the emergy 
synthesis show that VF systems are not modeled according to agroecological principles, rather they 
focus on separating food production systems from the outside world entirely. As mentioned earlier, 
vertical farms operate under the assumptions that they are already sustainable, which is misguided 
according to the assessment of its emergy flows. This study does not necessarily negate the identified 
impacts to environmental sustainability presented in chapter 4.2, but emphasizes the need to critically 
review VF proposed impacts in more detail.  
 
The low variability of crops currently grown in vertical farms is antithetical to the expected reductions 
in the effects of conventional agriculture. Current VF focus lies on growing leafy greens and herbs 
only, meaning all other crops grown using conventional methods, which is a majority, will continue 
being produced via conventional agriculture. While not impossible, sole focus on growing leafy greens 
and herbs would likely not result in drastic reductions on the effects of conventional agriculture, which 
is one of VF most important projected contributions.  
 
Through research and scientific applications, the ecology aspect is crucial to improving VF and its 
overall sustainability. Natural ecosystems (i.e. mature systems) are the most sustainable because they 
consist of circular flows of resources characterized by 100 %Ren; as such, all other systems should 
strive to behave more like natural ecosystems. As previously discussed (chapter 6.1), natural systems 
have had centuries upon centuries to self- and reorganize into structures that maximize inputs to the 
system and contain autocatalytic feedbacks that propagate system functions and provide net emergy to 
suprasystems. Compared to these natural systems, young, man-made systems cannot be expected to be 
inherently sustainable. Additionally, unlike natural systems that fluctuate in efficiency and production 
capacity (Odum et al.,1995), human systems look to operate at maximum efficiency at all times. It can 
then be argued that sustainability of man-made systems has never been a goal to work towards, yet 
current evaluations of these systems’ unsustainability can begin those transitions. 
 
Like urban gardens or rooftop greenhouses, vertical farms are a method, or tool, implementable within 
the framework of urban political agroecology. The sustainability of VF, if seen from a systems 
perspective, can affect the sustainability of the overarching urban system. Evaluating the present 
system through an emergy perspective and pertinent fundamental concepts (Chapter 3.1) allows for 
assessing system flaws that lead to failure. In order for a system to be successful, it needs 
characteristics established in the maximum empower principle: it needs to be self-organizing; the 
resulting structures need to maximize the work coming in through inflowing emergy resources; the 
efficiency of that work needs to continue improving; and the system should contribute useful work to 
its suprasystems. The pilot farm system evaluated in this study achieves none of the above: the system 
is not self-organizing, which results in a lack of reorganization, no feedbacks or autocatalytic 
structures are created, resulting in no ability to maximize work coming from inflowing sources of 
emergy. In other words, the maximum empower principle (Chapter 3.1) is not met by the system. 
 
According to previous emergy studies on urban system sustainability, urban policy makers need to 
focus more on achieving strategies where environmental revenues and losses can be suitably balanced 
in order to manage or limit economic growth (Liu et al., 2014:101). Increase in recycling and reuse (if 
waste cannot be avoided); promoting renewable energy sources (solar, geothermal, wind, among 
others) to replace fossil fuels; increasing efficient use of resources (e.g., prioritize public transport 
versus private); and recovering and, if possible, increase agricultural and urban green areas for local 
production (Viglia et al., 2017:14) are options presented to decrease urban dependence on imported 
resources.  
 
Previous emergy analyses on food production have shown similar results to those of urban systems: 
contemporary food production is highly dependent on imported and non-renewable resources (e.g. 
Beck et al., 2001; Bergquist, 2010; de Barros et al. 2009; Maassen, 2017b; Martin et al., 2006; 
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Rydberg & Haden, 2006; Zhang et al., 2011, 2012; Zhang et al., 2015), which results in widely 
unsustainable production. In addition to urban system suggestions, ensuring that inputs to the system 
are local and enhancing contribution of local renewable resources would increase sustainability of 
food systems (Bergquist, 2010:260-261; Maassen, 2017b). These suggestions support the food 
sovereignty pillars that relate to the ecology facet of the framework: three (localizes food systems), 
five (promotes knowledge and skills by), and six (works with nature). As established earlier, vertical 
farming does use some resources more efficiently in comparison to conventional agriculture and it 
reduces the distance between food suppliers and consumers. It also relies heavily on research. 
However, it is heavily dependent on imports for production, it does not promote or build on traditional 
knowledge, it is energy intensive and industrialized, and generally ignores ecosystem contributions. 
This dependence on imports bodes ill for both the vertical farming system and the encompassing urban 
system it is embedded in; an argument could be made that VF contributes to and aids the technocratic, 
urban-centric, market-driven, and corporate/bureaucratic structures (Figueroa-Helland et al., 2018: 
175) that have perpetuated to drowning out traditional knowledge in the past, and has no place in an 
agroecological food system.  

6.2.4 Politics 
 
Politics serves as a practical aspect that drives decision making for implementing systemic change, 
both within food systems and urban planning. VF currently does not use politics or its institutions in 
order to create systemic change; most of the focus is still on achieving financial viability and is mostly 
seen as a business opportunity, meaning this area can still be explored. The last food sovereignty pillar 
(one) relates to this tenet: a focus on food for the people. While it does not place people’s need for 
food at the center of politics, VF partially fulfills this pillar by insisting that food is more than a 
commodity. According to the urban planners working within Uppsala municipality, there are a variety 
of barriers to vertical farming adoption dependent on politics. Implementing vertical farming within 
urban systems is not straightforward or easy, and is directly related to how cities are planned and who 
has a say in the decisions made (i.e. power relations dictate urban socio-natures as stated in Chapter 
3.2). The many stakeholders who participate in planning and change processes hinder urban 
receptivity to change. Additionally, in current planning processes, including areas for food production 
does not form a part of the job, and urban spaces are not all owned by the municipality. Moreover, VF 
would need to be able to compete with other high-demand projects, like housing and workspaces, 
based on need and profitability.  
 
In order for successful VF implementation, Guterstam and Wallgren agreed that societal benefits 
associated with vertical farming are critical. In other words, since growing food within cities is 
currently unimportant to policy makers, it should impact society and the environment in 
overwhelmingly positive ways that justify investing in VF. Areas where this overlap is possible 
include public health, primary education, and university research. While Wallgren does come to the 
conclusion that farming vertically in spaces nobody uses is more feasible (e.g. basements, unused 
office space, etc.), she cites technology costs as a source for skepticism and concludes by mentioning 
that the federal government could have a huge impact on urban food production adoption.  
 
From an agroecological perspective, utilizing governmental institutions to address demands of the 
people has been most successful in South and Latin American countries (Toledo & Barrera-Bassols, 
2017:2). The best example of a quick nation-wide transition to agroecological principles is Cuba. 
Through a combination of government intervention, associations created that ensured representation 
and cooperation, and research that worked with the people to target pertinent issues agroecology 
became widespread and institutionalized (Sanderson Bellamy & Ioris, 2017:6-7). Nonetheless, the 
circumstances that led Cuba to become a leader in and example of agroecological advancements are 
not ideal or reproducible. These changes were a result of geopolitical and macroeconomic 
circumstances created by the collapse of support from the USSR during the cold war (Sanderson 
Bellamy & Ioris, 2017:7). In other words, without any outside help, Cuba was essentially left out of 
global systems and forced to become self-sufficient. According to Sanderson Bellamy & Ioris 
(2017:7), there is concrete evidence that Cuba’s agroecological gain may have been purely 
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circumstantial: as Cuba’s market forces expand due to reconciliations with the USA, it will also face 
increased pressures to return to conventional agriculture.  
 
Uppsala (and Sweden) is currently under global market forces that put pressure on national production 
processes to interact and behave in certain ways. In addition to this, there have been no prominent 
Swedish social movements fighting to change status quo food and urban systems that would address 
present inequalities. While data shows an expansion and evolution of agroecology throughout Europe, 
there’s been no clear strategy for how to implement it (Wezel et al., 2018). Most agroecological 
movements begin as some sort of resistance from indigenous and peasant communities that are 
underserved by current paradigms. These movements are then facilitated and augmented by existing 
institutions that help with its reach and political influence. This is more likely to happen in developing, 
or industrializing countries. In places like Uppsala, Sweden, where most citizens benefit from current 
systems, putting up resistance to overarching paradigms seems very unlikely. This presents another 
situation where developed, or industrialized countries, need to overcorrect for past behaviors, more so 
than industrializing and developing countries. Apart from France, there are few examples concrete 
agroecological policies in Europe. This is also the case with dietary habits, which are much more 
taxing to the environment in industrialized countries, like Sweden and the UK, compared to Brazil or 
Cuba. Countries on the same level as Sweden will have to work much harder to implement 
agroecological practices because they currently do not see the need to change consumption and 
production habits. As is seen throughout the research, it is much easier to create change when the 
system does not cater to your person. 
 
However, the question of how change occurs, either through gradual reform or through radical 
revolution, is unanswerable (Sanderson Bellamy & Ioris, 2017:9). In the absence of radical social 
movements focused on implementing urban, agroecological changes, Sweden’s federal government 
would need to get involved in order to implement changes from the top down. In 2018, Sweden 
partnered up with the EAT forum in order to brainstorm solutions for food systems transformations 
that address the challenges posed by climate change, poverty, hunger, and human health and well-
being (EATforum, 2018). Implementing these ideals into municipal rules and regulations that dictate 
how cities are planned is key to establishing food systems within urban metabolisms.  
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7. Discussion 
 
This chapter addresses the research questions raised in the introduction of the study (1.2), and offers a 
discussion about how the study’s results and analysis compare to other studies. The two research 
questions addressed are listed: ‘From an emergy perspective, how sustainable is vertical farming?’ and 
‘How does this type of food production contribute to the urban environment?’  

7.1 Vertical farming sustainability and contributions to urban 
metabolisms 
 
This study assessed vertical farm’s resource flows from an emergy and systems theory perspective in 
order to depict a vision of VF sustainability. VF’s dependence on imports for production, coupled with 
its lack of system self-organizing, reorganization, or autocatalytic structures results in an inability to 
maximize work, hindering any chances for the VF system in question to prove sustainable. 
Additionally, assessment via an urban political agroecology framework showed that the impacts of VF 
are insufficient for increasing or improving urban sustainability or food sovereignty, but contribute to 
and are more aligned with urban food security. In order for VF to contribute more adequately to urban 
food security or food sovereignty, greater effort needs to be made to produce crops that could 
adequately provide more holistic nutrition. While high-turnover crops might be acceptable for young 
systems focused on financial feasibility, VF will need to develop systems and methods apt for growing 
energy intensive, high energy, high protein crops if it truly aims to contribute positively to food 
security and sovereignty issues. Heavy import dependence combined with restricted crop variability 
(i.e. growth of herbs and leafy greens only) limit the vertical farm’s sustainability potential, as well as 
many positive impacts, environmental and social, it could have on its encompassing urban system, 
contradicting Al-Kodmany (2018) and Kalantari et al.’s (2018) general assessments on VF. The more 
imports the vertical farm needs to function, the more imports are consumed by the vertical farm and its 
surrounding urban systems, which results in decreased sustainability for both (Keena et al., 2018; Liu 
et al., 2014; Viglia et al., 2017; Yang et al., 2014).  
 
Vertical Farm X’s emergy results coincide with previous emergy studies focusing on contemporary 
food system sustainability, which state that modern food systems have a high dependence on imported 
and non-renewable resources that result in system unsustainability (e.g. Beck et al., 2001; Bergquist, 
2010; de Barros et al. 2009; Maassen, 2017b; Martin et al., 2006; Rydberg & Haden, 2006; Zhang et 
al., 2011, 2012; Zhang et al., 2015). As previously mentioned (chapter 6.1), young systems have not 
had the ability to reorganize in order to make better use of incoming emergy flows, which means that 
VF holds plenty of potential to improve. In comparison to VF however, conventional agriculture is 
already considered a mature system, and is a prime example of a system that matured poorly. Due to 
its neglect of maximum empower, conventional agriculture faces collapse: production processes will 
produce fewer and fewer amounts of food as the many resources they rely on dwindle.  
 
Even though vertical farms may always require imported resources, the ability of these farms to 
incorporate as many local and renewable inputs as possible can positively impact system 
sustainability. By identifying the most crucial resources to the systems and exchanging them with 
renewable or ‘sustainable’ inputs, like electricity for example, systems can improve their overall 
sustainability. This would doubly serve urban metabolisms, since local inputs to the farms would also 
result in local inputs to the city. A note should be made that strict emergy accounting denotes all 
imports as ‘bad,’ which fails to internalize urban systems’ dependence on imports to exist and 
function. A need to better adapt this particular accounting method for complex human systems would 
improve its utility within sustainability fields. Additionally, an argument can be made for a limited or 
simplified version of emergy, such as the lean emergy synthesis used in this study, for social scientists 
or other individuals (e.g. sustainable development professionals) who may find emergy useful but 
difficult to understand or implement within their own studies. 
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In addition to unsustainable resource flows, the high initial investments coupled with the lack of food 
production prioritization mentioned by Uppsala’s urban planners depict a scenario where VF 
implementation in Uppsala is difficult. Applying urban political agroecology through one of many 
conceivable conceptual frameworks, however, addresses many of the issues brought up by the urban 
planners interviewed, and could help increase the presence of food production within Uppsala and 
other urban systems. While VF is incompatible with agroecological principles, it could supplement 
agroecological systems if other local systems provided the majority of its inputs. While traditional and 
indigenous knowledge is growing in importance, especially within agroecological disciplines, many 
sustainable development solutions still focus on technocratic solutions that only mask underlying 
issues instead of addressing them. This study shows that current trends fixated on tech-y solutions 
aren’t always fruitful and suggests that implementation of agroecological principles to various systems 
could result in greater system sustainability. 
 
This study contributes to developing research looking into the implementation of agroecology within 
broader systems (Addinsall et al., 2015; Figueroa-Helland et al.2018; Francis et al., 2003; Hoekstra & 
Tornaghi, 2017; Kasper et al., 2017; de Molina, 2013; Sanderson Bellamy & Ioris, 2017) for the 
purpose of increasing food sovereignty and system sustainability. Moreover, by addressing sustainable 
urbanization through an urban agroecological perspective, it contributes to research looking to 
improve the sustainability of urban systems (Abel, 2010; Bohn & Viljoen, 2011; Campbell, 2016; 
Childers et al., 2014; de Jong et al., 2015; Kasper et al., 2017). Additionally, while emphasizing its 
current unsustainability, it presents VF as a young concept that holds potential for improvement. In 
order for VF systems to improve and generate the positive impacts that have been ascribed to it, 
further critical research is needed. 

7.2 Towards an integrated agro-urban system 
 
Throughout the analysis, additional discussion points manifested regarding the integration of 
agroecological and urban systems in order to create sustainable agro-urban systems. As cities strive to 
develop in more sustainable and equitable ways, the integration between urban and food systems 
should be focused on as a method that could help achieve this; an area of interest for future research to 
this study. The planning of urban areas should be systems based (Kasper et al., 2017), and could 
implement an agroecological framework that emphasizes the city’s food sovereignty. As mentioned 
previously, the likelihood of one model for urban sustainability encapsulating the needs of all cities is 
unlikely. Yet an urban political agroecological model for urbanization would strive towards dynamic 
urban development that fosters resiliency from ecological, social and economic disruptions (Bonnier, 
2017:8), and presents a premise for future research. As a result, urban planning could address the 
linear metabolisms inherent to cities (Deelstra & Girardet, 2000:50) and include food production 
within the planning phase. In other words, urban metabolisms should double up as agroecosystems. 
Additionally, involving local government would help address some of the food issues present during 
planning today, such as lack of available land, and would encourage the creation of political strategies 
that support urban political agroecology principles. 
 
Throughout this study, many avenues for future research in relation to VF have been also identified. 
Future studies involves VF include: exchange of imported inputs for local resources; research and 
development regarding the creation of suitable growing systems for energy intensive crops that have 
high calorie and protein contents as opposed to current herb and leady green production; and assessing 
the educational potential of VF provides another route for additional research that helps the integration 
of agro urban systems. Another avenue of exploration tied to urban food production and unequal 
access to resources has to do with distribution patterns, and not production capacity, which has been 
discussed as one of the biggest problems facing food security. According to Lappé (2016), available 
food supply says little on whether people’s nutritional needs are being met. The planet currently 
produces food for a total of twelve to fourteen billion people, indicating that the issue is not 
production, but distribution of this food (Figueroa-Helland et al., 2018:175): eighty percent of the 
world’s undernourished reside in countries that produce seventy percent of the world’s food supply 
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(Gonzalez, 2015). However, while this study looks at the sustainability of VF production, little can be 
said about distributive aspects of such operations, setting this aside as a topic for future research. 
 
The application for emergy synthesis in sustainable development work is also supported and 
encouraged by this study. Many emergy studies have been carried out on both urban and food systems 
and have resulted in a number of suggestions for system improvement. Emergy facilitates the 
evaluation and systematic process mapping of various forms of energy and provides the means to 
compare systems to one another, which is crucial for creating the holistic pictures needed to address 
sustainable development problems. After a review of emergy as a process and its use in research, the 
difficulty of terms and concepts could be a barrier of use for many social scientists. As such, research 
in making emergy more digestible, and possible creation of emergy tools, such as “Clark’s Crow” 
(Keena et al., 2018:1), for decision-making should be explored within the research. The next chapter 
serves to conclude and wrap up the study. 
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8. Conclusions 
 
This chapter wraps up the study, summarizes key findings, addresses limitations, and presents the 
practical implications of the study and suggestions for future research.  
 
One of today’s most pressing global issues involves meeting current and future demands for food. 
Despite the relationship between food production and food demand originating in cities, food systems 
remain excluded from urban areas. Therefore, in efforts to address both food demand and supply, the 
main objective of this study is to determine the sustainability of a vertical farm operation using a 
holistic systems approach in order to critically reflect on vertical farming’s perceived value to future 
food sovereignty and urban metabolisms. According to the results of this study, the vertical farm is 
suggested to be currently unsustainable from an emergy perspective. This was a direct result of the 
dependence on imported resource inputs that the pilot farm system requires to be able to produce. An 
urban political agroecology framework is also implemented in order to gauge vertical farming effects 
on urban metabolisms, specifically within its ability to increase urban food sovereignty or security, 
and system sustainability.  
 
Food sovereignty is inherent to urban political agroecology, so it was included in the framing of urban 
political agroecology for the analysis, which is characterized using four basic tenets (critique of 
ideology, equity, ecology, & politics). This analysis resulted in the identification of very few positive 
impacts to the urban system and the incompatibility of vertical farming with agroecological principles. 
Vertical farming made more notable contributions to food security by using food security’s four pillars 
as a framework. In order to increase the sustainability of the systems (both urban and food) emergy 
suggests that systems source as many inputs as possible from local renewable resources would 
improve the system. Additionally, this study argues for the implementation of urban political 
agroecology as framework for sustainable urbanization that would result in a sustainable agro-urban 
system that frames its ‘development’ through political agroecological principles and food sovereignty. 
It should be noted that this study encountered various limitations. Due to the subject areas selected 
being quite young, there were no studies performing emergy analysis on vertical farm productions. 
Additionally, the lack of available data from the pilot farm also impacted the results of the study. A 
note on the context specificity of this study needs to be mentioned, and the fact that this study does not 
and cannot aim to generalize based on our findings 
 
This study determined that vertical farms have a long way to go before they can be considered 
sustainable solutions to our food security issues. While this thesis does not provide definitive answers, 
it does provide new questions that are important for area development. The immaturity of fields 
addressed in this study provides many opportunities for research and future studies. Vertical farming’s 
inherent unsustainability not only highlights the need for research that makes vertical farming systems 
more sustainable, it also emphasizes the need to invest in and research various other methods of food 
production for urban systems that could increase the sustainability of both systems. Lastly, future 
research suggestions for this subject area include investigation of a framework for integrating 
agroecological and urban systems in order to create sustainable agro-urban systems. A strong need for 
research regarding production methods tailored to energy intensive crops, and possible creations of 
emergy tools to use in decision-making should be explored within research as well. 
 
  



   55 

9. Acknowledgments 
 
This thesis has been quite a journey and a huge shout out to everyone involved is strongly merited.  
 
First of all, this thesis would not have been possible without the guidance, help and encouragement 
from an amazing supervisor, which is exactly what I had. Thank you, Cilla, for all of your patience 
and guidance. I know an 80-page thesis is not an easy read, but I have appreciated Every. Single. 
Comment. You are a star! Thanks are also needed for my evaluator, Daniel B., both for inspiring this 
thesis and for providing some really great feedback. You’re a really cool dude and I’m glad you 
agreed to bring me onboard the emergy train. Thanks to Viktoria and Mike for your very useful 
comments and suggestions. You’re not related to me, so the time you spent reading a very rough, 
initial manuscript does not go unnoticed. Last but not least in this list, thanks to my study counselor, 
Amanda, who’s been present since the beginning and has provided all the help and support.  
 
Thanks to my fambam, my support system, my breasties, and all those around me for offering words 
of encouragement, hearing me complain and never calling me out, but also for telling me to woman up 
and write something. I appreciate it all. Mom… Dad… y’all are the best. Thanks for reading my stuff 
and for encouraging me everyday to be my weird little self. I see you and I love you. A mis 4 
abuelitos: ustedes también se merecen las gracias por todo lo bueno que venga de esta tesis, por 
siempre creer en mi, y por el apoyo y amor constante que me dan. Los amo mas de lo que se imaginan. 
Thanks to my partner, Kiril, and my cat nuggets, Aero and Ziggy, for all the emotional support that 
was needed to get through these 80 pages worth of material. I know it wasn’t easy on you guys. I 
never doubted I would finish, but you listened to me grumble for 10 months, and if that’s not love I 
don’t know what is. 
 
Finally, thanks Odum (1996): here’s to late nights, to waking up with cold sweats, and also for being a 
smart dude who came up with some really interesting theories. Much appreciated. 
 
  



   56 

10. References 
 
Abel, C. (2010). The vertical garden city: towards a new urban topology. CTBUH Journal, 2, 20-30. 
 
Aboksari, H.A., Hashemabadi, D. & Kaviani, B. (2018). "Application of bio-fertilizer for Pelargonium 
peltatum growth in new organic substrates", Journal of Plant Nutrition, vol. 41, no. 2, pp. 137-13. 
 
Addinsall, C., Glencross, K., Scherrer, P., Weiler, B. & Nichols, D. (2015). "Agroecology and 
Sustainable Rural Livelihoods: A Conceptual Framework to Guide Development Projects in the 
Pacific Islands", Agroecology and Sustainable Food Systems, vol. 39, no. 6, pp. 691-723. 
 
Adscheid, T. (2017). When Ecotopia grows: Politicizing the stories of Swedish sustainable urban 
development. 
 
Afrin, S. (2009). Green Skyscraper : Integration of Plants into Skyscrapers. (Master’s 
Thesis).Kungliga Tekniska högskolan (KTH), Stockholm. Retrieved January 15, 2009 from 
www.infra.kth.se/sb/sp  
 
Ahlström, L., & Zahra, M. (2011). Integrating a Greenhouse in an Urban Area. (Unpublished Master’s 
Thesis).Chalmers University of Technology,Göteborg, Sweden.  
 
Al-Chalabi, M. (2015). "Vertical farming: Skyscraper sustainability?", Sustainable Cities and Society, 
vol. 18, pp. 74-77. 
 
Al-Kodmany, K. (2018). "The Vertical Farm: A Review of Developments and Implications for the 
Vertical City", Buildings, vol. 8, no. 2, pp. 24. 
 
Amaral, L.P., Martins, N. & Gouveia, J.B. (2016). "A review of emergy theory, its application and 
latest developments", Renewable and Sustainable Energy Reviews, vol. 54, pp. 882-888. 
 
Ascione, M., Campanella, L., Cherubini, F. & Ulgiati, S. (2009). "Environmental driving forces of 
urban growth and development", Landscape and Urban Planning, vol. 93, no. 3, pp. 238-249. 
 
Atkinson, A. (2007). "Cities after oil-2: Background to the collapse of 'modern' civilisation", City, vol. 
11, no. 3, pp. 293-312. 
 
Banerjee, C., & Adenaeuer, L. (2014). Up, up and away! The economics of vertical farming. Journal 
of Agricultural Studies, 2(1), 40-60. 
 
Barrett, C.B. (2010). "Measuring Food Insecurity", Science, vol. 327, no. 5967, pp. 825-828. 
  
de Barros, I., Blazy, J.M., Rodrigues, G.S., Tournebize, R. & Cinna, J.P. (2009). "Emergy evaluation 
and economic performance of banana cropping systems in Guadeloupe (French West 
Indies)", Agriculture, Ecosystems and Environment, vol. 129, no. 4, pp. 437-449. 
 
Beck, T.B., Quigley, M.F. & Martin, J.F. (2001). "Emergy evaluation of food production in urban 
residential landscapes", Urban Ecosystems, vol. 5, no. 3, pp. 187-207. 
 
Bergquist, D. (2010). “Emergy synthesis of urban agriculture in Rio de Janeiro, Brazil” In: Brown, 
M.T., Sweeney, S., Campbell, D.E., Huang, S.L., Ortega, E., Rydberg, T., Tilley, D. & Ulgiati, S. 
(eds) Emergy Synthesis 6: Theory and Applications of the Emergy Methodology. Proceedings from the 
Sixth Biennial Emergy Conferences. Gainesville, University of Florida, USA, pp. 253-264.  
 



   57 

Besthorn, F. H. (2013). Vertical Farming: Social Work and Sustainable Urban Agriculture in an Age 
of Global Food Crises. Australian Social Work, 66(2), 187–203. Retrieved December 5, 2013 from 
http://doi.org/10.1080/0312407X.2012.716448  
 
Boardman, J. & Sauser, B. (2013). Systemic thinking: building maps of worlds of systems, 1st edn, 
John Wiley & Sons Inc, Hoboken, New Jersey. 
 
Bohn, K. and Viljoen, A. (2011). The edible city: Envisioning the continuous productive urban 
landscape (CPUL). Field, 4(1), pp.149-161. 
 
Bonnier, T. (2017). Building Low Carbon Lifestyles: A qualitative study of the built environment’s 
potential to encourage low carbon lifestyles. 
 
Bourcet, M. (2017). How can innovations foster collaboration and participation in the development of 
sustainable neighborhoods? Insights from Lyon Living Lab. 
 
Bratel, Y. (2012). Sustainable Lifestyles - An Experiment in Living Well: Northern European 
examples of sustainable planning. 
 
Brenner, N. (2009). "What is critical urban theory?", City, vol. 13, no. 2-3, pp. 198-207. 
 
Brenner, N. & Schmid, C. (2015). "Towards a new epistemology of the urban?", City, vol. 19, no. 2-3, 
pp. 151-182. 
 
Brock, A. (2008). Room to grow: Participatory landscapes and urban agriculture at NYU. New York: 
New York University. 
 
Brown, M.T. (2001). (ed). Emergy Synthesis 1: Theory and Applications of the Emergy Methodology. 
Proceedings of the 1st Biennial Emergy Conference. Center for Environmental Policy, University of 
Florida, Gainesville. 319 pages. 
 
Brown, M.T. (2004). A picture is worth a thousand words: energy systems language and simulation. 
Ecological Modelling, vol. 178 (1), pp. 83-100.  
 
Brown, M.T. (2010). SolarShare: An Emergy Derived Index of Human Demand on Environment. In: 
Brown, M. T., Sweeny, S., Campbell, D. E., Huang, S-. L., Ortega, E., Rydberg, T., Tilley, D., & 
Ulgiati, S. (eds) Emergy Synthesis 6: Theory and Applications of the Emergy Methodology. 
Proceedings from the Sixth Biennial Emergy Analysis Research Conference, University of Florida 14-
16 January, 2010, USA, pp. 87-92.  
 
Brown, M.T., Campbell, D.E., De Vilbiss, C. & Ulgiati, S. (2016). The geobiosphere emergy baseline: 
A synthesis. Ecological Modelling, vol. 339, pp. 92-95.  
 
Brown, M. T., & Ulgiati, S. (1997). Emergy-based indices and ratios to evaluate sustainability: 
monitoring economies and technology toward environmentally sound innovation. Ecological 
Engineering, 9(1–2), 51-69. doi:http://dx.doi.org/10.1016/S0925-8574(97)00033-5  
 
Brown, M. T., & Ulgiati, S. (1999). Emergy evaluation of the biosphere and natural capital. Ambio, 
486-493.  
32  
 
Brown, M.T. & Ulgiati, S. (2002). Emergy evaluations and environmental loading of electricity 
production systems. Journal of Cleaner Production, vol. 10 (4), pp. 321-334.  
 



   58 

Brown, M.T. & Ulgiati, S. (2004a). Emergy Analysis and Environmental Accounting. In: Cleveland, 
C. (ed) Encyclopedia of Energy. Oxford: Academic Press, Elsevier, pp. 329-354.  
 
Brown, M. T., & Ulgiati, S. (2004b). Energy quality, emergy, and transformity: HT Odum’s 
contributions to quantifying and understanding systems. Ecological Modelling, 178(1), 201- 213.  
 
Brown, M.T. and Ulgiati, S. (2010). Updated evaluation of exergy and emergy driving the 
geobiosphere: a review and refinement of the emergy baseline. Ecological Modelling. 221, 2501–
2508.  
 
Brown, M.T. & Ulgiati, S. (2016a). Assessing the global environmental sources driving the 
geobiosphere: A revised emergy baseline. Ecological Modelling, vol. 339, pp. 126-132.  
 
Brown, M.T. & Ulgiati, S. (2016b). "Emergy assessment of global renewable sources", Ecological 
Modelling, vol. 339, pp. 148-156. 
 
Campbell, D.E. (2000). A revised solar transformity for tidal energy received by the earth and 
dissipated globally: implications for emergy analysis. In: Brown, M.T., Brandt-Williams, S.L., Tilley, 
D.R., Ulgiati, S. (Eds.), Emergy Synthesis: Theory and Applications of the Emergy Methodology. 
Proceedings of the First Biennial Emergy Analysis Research Conference. Center for Environmental 
Policy, University of Florida, Gainesville, pp. 255e263.  
 
Campbell, L.K. (2016). "Getting farming on the agenda: Planning, policymaking, and governance 
practices of urban agriculture in New York City", Urban Forestry & Urban Greening, vol. 19, pp. 
295-305. 
 
Caradonna, J.L. (2014). Sustainability: a history, Oxford University Press, New York. 
 
Chen, W., Liu, W., Geng, Y., Brown, M.T., Gao, C. & Wu, R. (2017). "Recent progress on emergy 
research: A bibliometric analysis", Renewable and Sustainable Energy Reviews, vol. 73, pp. 1051-
1060. 
 
Childers, D.L., Pickett, S.T.A., Grove, J.M., Ogden, L. & Whitmer, A. (2014). "Advancing urban 
sustainability theory and action: Challenges and opportunities", Landscape and Urban Planning, vol. 
125, pp. 320-328. 
 
Choffnes, E.R., Hueston, W., McLeod, A. (2012). Institute of Medicine (U.S.). Forum on Microbial 
Threats, Board on Global Health, Forum on Microbial Threats & Institute of Medicine, Improving 
food safety through a one health approach: workshop summary, National Academies Press, 
Washington, D.C. 
 
Cicekli, M., & Barlas, N. T. (2014). Transformation of today greenhouses into high technology 
vertical farming systems for metropolitan regions. Journal of Environmental Protection and Ecology, 
15(4), 1779–1785.  
 
Cloke, P., Marsden, T. & Mooney, P. (2006). Handbook of rural studies, SAGE Publications, London. 
 
Cohen, M. & Garrett, J. (2009). The food price crisis and urban food insecurity. London, UK: IIED 
 
Corvalán, C., Hales, S., McMichael, A.J. (2005). World Health Organization & Millennium 
Ecosystem Assessment (Program), Ecosystems and human well-being: health synthesis, World Health 
Organization, Geneva, Switzerland. 
 



   59 

Data.worldbank.org. (2018). Urban population (% of total) | Data. [online] Available at: 
https://data.worldbank.org/indicator/sp.urb.totl.in.zs?end=2017&name_desc=false&start=1960&view
=chart [Accessed 12 Aug. 2018]. 
 
Deelstra, T. and Girardet, H. (2000). Urban agriculture and sustainable cities. Bakker N., Dubbeling 
M., Gündel S., Sabel-Koshella U., de Zeeuw H. Growing cities, growing food. Urban agriculture on 
the policy agenda. Feldafing, Germany: Zentralstelle für Ernährung und Landwirtschaft (ZEL), pp.43-
66. 
 
Dekkers, R. (2017). Applied Systems Theory, 2nd 2017.;2;2; edn, Springer International Publishing, 
Cham. 
 
Delor, M. (2011). Current State of Building-Integrated Agriculture, its Energy Benefits and 
Comparison with Green Roofs. University of Sheffield, Sheffield, UK.   
 
Despommier, D. (2009). The rise of vertical farms. Scientific American, 301(5), 80–87.  
 
Despommier, D. (2010). "The Vertical Farm: Feeding the World in the 21st Century ", Thomas Dunne 
Books: New York,  NY, USA.   
 
Despommier, D. (2011). The vertical farm: controlled environment agriculture carried out in tall 
buildings would create greater food safety and security for large urban populations. Journal Für 
Verbraucherschutz Und Lebensmittelsicherheit, 6(2), 233–236. Retrieved March 15, 2011 from 
http://doi.org/10.1007/s00003-010-0654-3  
 
Despommier, D. (2013). "Farming up the city: the rise of urban vertical farms", Trends in 
Biotechnology, vol. 31, no. 7, pp. 388-389. 
 
Despommier, D. (2014). “Encyclopedia of Food and Agricultural Ethics (Vertical Farms in 
Horticulture)”; Springer: Dordrecht, The Netherlands.  
 
Dhillon, J., et al. (2016). "The Effects of Increased Protein Intake on Fullness: A Meta-Analysis and 
Its Limitations", Journal of the Academy of Nutrition and Dietetics, vol. 116, no. 6, pp. 968-983. 
 
Dieleman, H. (2017). Urban agriculture in Mexico City; balancing between ecological, economic, 
social and symbolic value. Journal of Cleaner Production, 163, pp.S156-S163. 
 
Dutta Gupta, S. (2017). Light Emitting Diodes for Agriculture: Smart Lighting, Springer Singapore, 
Singapore. 
 
EATforum. (2018). Sweden and EAT to co-host the 2018 EAT Stockholm Food Forum - EAT. [online] 
Available at: https://eatforum.org/learn-and-discover/sweden-and-eat-to-co-host-the-2018-eat-
stockholm-food-forum/ [Accessed 31 Aug. 2018]. 
 
Ericksen, P. (2008). ‘Conceptualizing food systems for global environmental change research’. Global 
Environmental Change 18(1):234–245. doi:10.1016/j.gloenvcha.2007.09.00  
 
Hydroponic Systems: How They Work and How To Build Your Own. [online] Epic Gardening. 
Available at: https://www.epicgardening.com/hydroponic-systems/ [Accessed 16 Jul. 2018]. 
 
Elkington, J. (1998). "ACCOUNTING FOR THE TRIPLE BOTTOM LINE", Measuring Business 
Excellence, vol. 2, no. 3, pp. 18-22. 
 
Ellingsen, E., & Despommier, D. (2008). The Vertical Farm - The origin of a 21st century 
Architectural Typology. CTBUH Journal, (3), 26–34. Retrieved June 10, 2008 from 



   60 

http://global.ctbuh.org/resources/papers/download/449-the-vertical-farm-the-origin-of-a-21 st-century-
architectural-typology.pdf  
 
Elser, J. & Bennett, E. (2011). "Phosphorus cycle: A broken biogeochemical cycle", Nature, vol. 478, 
no. 7367, pp. 29. 
 
Erisman, J.W., Roxana Petrescu, A.M., Galloway, J.N., Leach, A.M., Seitzinger, S., Bleeker, A., Dise, 
N.B.,  de Vries, W. (2013). Consequences of human modification of the global nitrogen cycle. 
Philosophical Transactions of the Royal Society B: Biological Sciences, 5 July 2013, 368(1621) 
 
Evans, B, Joas, M, & Sundback, S. (2013). Governing Sustainable Cities, Routledge, London. 
Available from: ProQuest Ebook Central. [3 May 2018]. 
 
Fainstein, S.S. & Campbell, S. (2016). Readings in planning theory, Fourth edn, Wiley/Blackwell, 
Chichester, West Sussex, UK. 
 
FAO. (2006). Policy Brief: Food Security. FAO’s Agriculture and Development Economics Division 
(ESA), Issue 2.  
 
FAO. (2008). An Introduction to the Basic Concepts of Food Security. EC - FAO Food Security 
Programme. 
 
FAO. (2013). Food Security and Sovereignty. [online] FAO, pp.1-33. Available at: 
http://www.fao.org/3/a-ax736e.pdf [Accessed 11 Sep. 2018]. 
 
FAO. (2014). La Innovación en la Agricultura  Familiar. Available online: http://www.fao.org/3/a-
i4036s.pdf (accessed on 12 August 2016).   
 
FAO, (2017a). “Towards Zero Hunger - 1945-2030”. 
 
FAO. (2017b). “Global Strategic Framework for Food Security and Nutrition.” 
 
FAO. (2018). Food Insecurity Experience Scale. [online] Available at: http://www.fao.org/in-
action/voices-of-the-hungry/fies/en/ [Accessed 22 Jul. 2018]. 
 
FAO, IFAD, UNICEF, WFP, WHO. 2017: ‘The State of Food Security and Nutrition in the World 
2017’. Building resilience for peace and food security. Rome, FAO. 
 
Feagan, R. (2007). The place of food: mapping out the ‘local’ in local food systems. Progress in  
human geography, vol. 31 (1), pp. 23-42.  
 
Ferraro, D.O. & Benzi, P. (2015). "A long-term sustainability assessment of an Argentinian 
agricultural system based on emergy synthesis", Ecological Modelling, vol. 306, pp. 121-129. 
 
Figueroa-Helland, L., Thomas, C. & Aguilera, A.P. (2018). "Decolonizing Food Systems: Food 
Sovereignty, Indigenous Revitalization, and Agroecology as Counter-Hegemonic 
Movements", Perspectives on Global Development and Technology, vol. 17, no. 1-2, pp. 173-201 
 
Foresight, 2011. The Future of Food and Farming. Final Project Report. The Government Office for 
Science, London.  
 
Francis, C., Lieblein, G., Gliessman, S., Breland, T.A., Creamer, N., Harwood, R., Salomonsson, L., 
Helenius, J., Rickerl, D., Salvador, R., Wiedenhoeft, M., Simmons, S., Allen, P., Altieri, M., Flora, C., 
Poincelot, R. & Sveriges lantbruksuniversitet. (2003). "Agroecology: The Ecology of Food 
Systems", Journal of Sustainable Agriculture, vol. 22, no. 3, pp. 99-118. 



   61 

 
Freight Farms. (2018). Farming for Good. [online] Available at: 
https://www.freightfarms.com/nonprofits#impact [Accessed 30 Aug. 2018]. 
 
Fresco, L.O. (2009). "Challenges for food system adaptation today and tomorrow", Environmental 
Science and Policy, vol. 12, no. 4, pp. 378-385. 
 
Game, I., & Primus, R. (2015). “Urban Agriculture”, State University of New York College of Forestry 
and Environmental Science. 
 
Garnett, T. (2014). "Three perspectives on sustainable food security: efficiency, demand restraint, food 
system transformation. What role for life cycle assessment?", Journal of Cleaner Production, vol. 73, 
pp. 10-18. 
 
George, T., Hinsinger, P. and Turner, B. (2016). Phosphorus in soils and plants - facing phosphorus 
scarcity. Plant & Soil. Apr2016, Vol. 401 Issue 1/2, p1-6. 6p 
 
Germer, J., Sauerborn, J., Asch, F., de Boer, J., Schreiber, J., Weber, G., & Müller, J. (2011). 
Skyfarming an ecological innovation to enhance global food security. Journal Für Verbraucherschutz 
Und Lebensmittelsicherheit, 6(2), 237–251. Retrieved April 18, 2011 from http://doi.org/10.1007/ 
s00003-011-0691-6  
 
Ghaley, B.B., Kehli, N. & Mentler, A. (2018). "Emergy synthesis of conventional fodder maize (Zea 
mays L.) production in Denmark", Ecological Indicators, vol. 87, pp. 144-151. 
 
Godfray, H.C.J.,  Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D., Muir, J.F., Pretty, J., 
Robinson, S., Thomas, S.M. & Toulmin, C. (2010). "Food Security: The Challenge of Feeding 9 
Billion People", Science, vol. 327, no. 5967, pp. 812-818. 
 
Gottlieb, R. & Joshi, A. (2010). “Food Justice”. Cambridge, MA: The MIT Press.  

Görke, A. & Scholl, A. (2006). "Niklas Luhmann’s Theory of Social Systems and Journalism 
Research", Journalism Studies, vol. 7, no. 4, pp. 644-655. 
 
Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X., et al. (2008).  
Global change and the ecology of cities. Science, 319, 756–760.  
 
Guterstam, S. (2018). Interview with Svante Guterstam for Masters Thesis. Interviewed by Daniela 
Garcia-Caro Briceño [in person] Uppsala, Sweden 15 May.  
 
Hassan, A.M. & Lee, H. (2015). "The paradox of the sustainable city: definitions and 
examples", Environment, Development and Sustainability, vol. 17, no. 6, pp. 1267-1285. 
 
Hagbert, P. (2016). A Sustainable Home? Reconceptualizing home in a low-impact society. Diss., 
Chalmers University of Technology.  
 
Healy, R., Rosenberg, J. (2011). Land Use and the States. New York: RFF Press. 
 
Hedenblad, E., Olsson, M. (2017). Urban Growth Analysis of Crop Consumption and Development of 
a Conceptual  Design to Increase Consumer Adoption of Vertical Greenhouses. Master’s Thesis, 
Chalmers University of Technology, Gothenburg, Sweden, 2017. Available online: 
http://www.tekniskdesign.se/download/ Hedenblad_Olsson.pdf  
 



   62 

Hendrickson M. K. & Porth M. (2012). Urban Agriculture —Best Practices and Possibilities. 
University Of Missouri Division of Applied Social Sciences. Retrieved from 
http://extension.missouri.edu/foodsystems/urbanagriculture.aspx  
 
Hoekstra, F., Tornaghi, C. (2017). Political agroecology, Urban Agriculture Magazine (UA 
Magazine), vol.33. Leusden: RUAF Foundation. Available from: http://www.ruaf.org/ua-magazine-
no-33-urban-agroecology  
 
Holt-Giménez, E., Shattuck, A., Altieri, M., Herren, H., & Gliessman, S. (2012). “We Already Grow 
Enough Food for 10 Billion People … and Still Can't End Hunger”, Journal of Sustainable 
Agriculture, vol. 36, no. 6, pp. 595-598 
 
Hoornweg, D., Paul, M.F. (2008). Urban Agriculture for Sustainable Poverty Alleviation and Food 
Security (http://www.fao.org/fileadmin/templates/FCIT/ PDF/UPA_-WBpaper-
Final_October_2008.pdf). Rome: Food and Agriculture Organization.  
 
Huang, S. (2003). "Materials flow analysis and emergy evaluation of Taipei's urban construction", 
Landscape and Urban Planning, vol. 63, no. 2, pp. 61-74. 
 
Hult, A. (2017). Unpacking Swedish Sustainability The promotion and circulation of sustainable 
urbanism. Diss., KTH Royal Institute of Technology.  
 
International Energy Agency (2016). Belgium: 2016 Review. Energy Policies of IEA Countries. 
[online] Paris: The Organisation for Economic Co-operation and Development, pp.17-18. Available at: 
https://www.iea.org/publications/freepublications/publication/Energy_Policies_of_IEA_Countries_Bel
gium_2016_Review.pdf [Accessed 23 Aug. 2018]. 
 
Jabareen, Y. (2009). "Building a Conceptual Framework: Philosophy, Definitions, and 
Procedure", International Journal of Qualitative Methods, vol. 8, no. 4, pp. 49-62. 
 
de Jong, M., Joss, S., Schraven, D., Zhan, C. & Weijnen, M. (2015). "Sustainable–smart–resilient–low 
carbon–eco–knowledge cities; making sense of a multitude of concepts promoting urban 
sustainability", Journal of Cleaner Production, vol. 109, pp. 25-38. 
 
Kaiser, K. (2009). "Protecting Respondent Confidentiality in Qualitative Research", Qualitative 
Health Research, vol. 19, no. 11, pp. 1632-1641. 
 
Kalantari, F., Mohd Tahir, O., Mahmoudi Lahijani, A., & Kalantari, S. (2017). A review of vertical 
farming technology: A guide for implementation of building integrated agriculture in cities. 
In Advanced Engineering Forum (Vol. 24, pp. 76-91). Trans Tech Publications. 
 
Kalantari, F., Tahir, O. M., Joni, R. A., & Fatemi, E. (2018). Opportunities and challenges in 
sustainability of vertical farming: A review. Journal of Landscape Ecology, 11(1), 35-60. 
 
Kasper, C., Brandt, J., Lindschulte, K. & Giseke, U. (2017). "The urban food system approach: 
thinking in spatialized systems", Agroecology and Sustainable Food Systems, vol. 41, no. 8, pp. 1009. 
 
Kearney, J. (2010). "Food consumption trends and drivers", Philosophical Transactions: Biological 
Sciences, vol. 365, no. 1554, pp. 2793-2807. 
 
Keena, N., Raugei, M., Aly Etman, M., Ruan, D. & Dyson, A. (2018). "Clark’s Crow: A design plugin 
to support emergy analysis decision making towards sustainable urban ecologies", Ecological 
Modelling, vol. 367, pp. 42-57. 
 



   63 

Kennedy, C., Cuddihy, J., Engel-Yan, J. (2007). The changing metabolism of cities. Journal of 
Industrial Ecology 11 (2), 43–59.  
 
Kennedy, C., Pincet, S., Bunje, P. (2011). The study of urban metabolism and its applications to urban 
planning and design. Environmental Pollution 159, 1965–1973.  
 
Krippendorff, K. (2013). Content analysis: an introduction to its methodology, 3rd edn, SAGE, 
Thousand Oaks, Calif;London;. 
 
Kuo, F.E. & Sullivan, W.C. (2001). Environment and crime in the inner city: Does vegetation reduce 
crime? Environment and behavior, vol. 33 (3), pp. 343-367.  
 
Lam, S. O. (2007). Urban Agriculture in Kingston : Present and Future Potential for Re-Localization 
and Sustainability. (Unpublished Master’s Thesis).Queen’s University,Ontario,Canada.  
 
Landert, J., Schader, C., Moschitz, H. & Stolze, M. (2017). "A Holistic Sustainability Assessment 
Method for Urban Food System Governance", vol. 9, no. 4, pp. 490. 
 
Lappé, F.M. (2016). "Farming for a Small Planet: Agroecology Now", Development, vol. 59, no. 3-4, 
pp. 299-307 
 
La Rosa, D., Barbarossa, L., Privitera, R. & Martinico, F. (2014). Agriculture and the city: A method 
for sustainable planning of new forms of agriculture in urban contexts. Land Use Policy, vol. (41), pp. 
290-303.  
 
Levidow, L., Pimbert, M. & Vanloqueren, G. (2014). "Agroecological Research: Conforming-or 
Transforming the Dominant Agro-Food Regime?", Agroecology and Sustainable Food Systems, vol. 
38, no. 10, pp. 1127-1155. 
 
Liu, G., Yang, Z., Chen, B. & Zhang, L. (2013). "Modelling a thermodynamic-based comparative 
framework for urban sustainability: Incorporating economic and ecological losses into emergy 
analysis", Ecological Modelling, vol. 252, pp. 280-287. 
 
Liu, G., Yang, Z., Chen, B. & Ulgiati, S. (2014). "Emergy-based dynamic mechanisms of urban 
development, resource consumption and environmental impacts", Ecological Modelling, vol. 271, pp. 
90-102. 
 
Maassen, J. (2017a). Emergy of an urban food production system: a case study of urban agriculture in 
Detroit Michigan. Master thesis in Sustainable Development at Uppsala University, No. 2017/35, pp. 
1-44, 30 ECTS/hp  
 
Maassen, J. (2017b). Food Consumption in Rosendal: the environmental support to diets in a “green” 
urban district. Master thesis in Sustainable Development at SLU, 30 ECTS/hp. 
 
McIntyre, N. E. (2011). Uban ecology: Definitions and goals. In I. Douglas, D. Goode, M. Houck, & 
R. Wang (Eds.), The Routledge handbook of urban ecology (pp. 7–16). London: Routledge.  
 
Meadows, D.H., Wright, D. & ebrary, I. (2009). Thinking in systems: a primer, Earthscan, 
London;Sterling, VA;. 
 
Mele, C., Pels, J. and Polese, F. (2010). A brief review of systems theories and their managerial 
applications. Service Science, 2(1-2), pp.126-135. 
 
Miller, A. (2011). Scaling Up or Selling Out? A Critical Appraisal of Current Development in Vertical 
Farming. (Unpublished Master’s Thesis).Carleton University,ottawa, ontario,Canada.  



   64 

 
Modularhydro.com. (2011). What is Ebb and Flow Hydroponics and How Does it Work?. [online] 
Available at: https://modularhydro.com/ArticleLibrary/what-is-ebbs-and-flood-flow-hydroponics-
how-does-it-work.html [Accessed 1 Aug. 2018]. 
 
de Molina, M.G. (2013). "Agroecology and Politics. How To Get Sustainability? About the Necessity 
for a Political agroecology", Agroecology and Sustainable Food Systems, vol. 37, no. 1, pp. 45-59. 
 
Morgan, K. (2009). "Feeding the City: The Challenge of Urban Food Planning", International 
Planning Studies, vol. 14, no. 4, pp. 341-348. 
 
Munoz, H. & Joseph, J. (2010). Hydropnics: Home-Based Vegetable Production System, Inter-
American Institute for Cooperation on Agriculture (IICA). June 2010. Available online: 
http://legacy.iica.int/Eng/regiones/caribe/ 
guyana/IICA%20Office%20Documents/Hydroponics%20Manual/Hydroponics%20Manual.pdf 
(accessed  on 15 July 2017).   
 
Naturvårdsverket. (2015). Mot en hållbar stadsutveckling – med fokus på miljömålen i 
planeringsprocessen. Report/Naturvårdsverket: Rapport 6664. Stockholm. Published October 2015.  
 
National Environmental Accounting Database.(NEAD). (2018). National Environmental Accounting 
Database (NEAD) | Center for Environmental Policy. [online] Available at: 
https://cep.ees.ufl.edu/nead/data.php [Accessed 23 Aug. 2018]. 
 
Owens, N. (2018). Correspondence with Vertical Farm X, its production processes, and system inputs 
[email correspondence] (personal communication, 5 February 2018 – 27 August 2018). 
 
 
Norder, L. A., Lamine, C., Bellon, S., & Brandenburg, A. (2016). Acroecology: Polysemy, Pluralism 
and Controversies. Ambiente & Sociedade, 19(3) doi:http://dx.doi.org.ezproxy.its.uu.se/101590/1809-
4422ASOC129711V1932016 
 
Noy, C. (2008). "Sampling Knowledge: The Hermeneutics of Snowball Sampling in Qualitative 
Research", International Journal of Social Research Methodology, vol. 11, no. 4, pp. 327-344. 
 
Odum, H.T. (1988). "Self-Organization, Transformity, and Information", Science, vol. 242, no. 4882, 
pp. 1132-1139. 
 
Odum, H.T. (1996). Environmental accounting: EMERGY and environmental decision making, Wiley, 
New York. 
 
Odum, H.T., & Odum, E.C. (2001). A Prosperous Way Down. Boulder, CO: University Press of 
Colorado.  
 
Odum, H.T. & Odum, E.C. (2008). A Prosperous Way Down: Principles and Policies, University 
Press of Colorado, Boulder; Norman;. 
 
Odum, W.E., Odum, E.P. & Odum, H.T. (1995). "Nature's Pulsing Paradigm", Estuaries, vol. 18, no. 
4, pp. 547-555. 
 
Onwuegbuzie, A. J., Teddlie, C. (2003). A Framework for Analyzing Data in Mixed Methods 
Research. In Handbook of Mixed Methods in Social and Behavioral Research. A. Tashakkori and C. 
Teddlie, eds. Pp. 351-383. Thousand Oaks, CA: Sage.  
 



   65 

Pearson, L.J., Pearson, L. & Pearson, C.J. (2010). "Sustainable urban agriculture: stocktake and 
opportunities", International Journal of Agricultural Sustainability, vol. 8, no. 1-2, pp. 7-19. 
 
Peck, J. (2015). “Uneven Regional Development.” In The International Encyclopedia of Geography, 
edited by D. Richardson, in press. Cambridge: Wiley-AAG.  
 
Perez, V. M. (2014). Study of The Sustainability Issue of Food Production Using Vertical Farm 
Methods in An Urban Environment Within The State of Indiana. (Master’s Thesis).Available from 
ProQuest Dissertations and Theses database. (UMI No.1565090).  
 
Pickett, S. T. A., Cadenasso, M. L., Grove, J. M., Nilon, C. H., Pouyat, R. V., Zipperer, W. C., et al. 
(2001). Urban ecological systems: Linking terrestrial ecological, physical, and socioeconomic 
components of metropolitan areas. Annual Review of Ecology, Evolution, and Systematics, 32, 127–
157.  
 
Pimbert, M. (2015). "Agroecology as an Alternative Vision to Conventional Development and 
Climate-smart Agriculture", Development, vol. 58, no. 2-3, pp. 286-298. 
 
Platt, P. (2007). Vertical Farming: An Interview with Dickson Despommier. Gastronomica, 7(2), 80–
87. Retrieved March 15, 2007 from http://doi.org/10.1525/gfc.2007.7.3.80  
 
Raghavan, K. (2014). Evaluating renewable energy options for small islands using emergy 
methodology (Doctoral dissertation, University of Prince Edward Island). 
 
Ranganathan, J. et al. (2016). “Shifting Diets for a Sustainable Food Future.” Working Paper, 
Installment 11 of Creating a Sustainable Food Future. Washington, DC: World Resources Institute. 
Accessible at http://www.worldresourcesreport.org.  
 
Raworth, K. (2017). Doughnut economics: seven ways to think like a 21st century economist, Chelsea 
Green Publishing, White River Junction, VT. 
 
Reardon, T. (2016). Growing food for growing cities: Transforming food systems in an urbanizing 
world. Chicago, US: The Chicago Council on Global Affairs. 
 
Riege, A.M. (2003). Validity and reliability tests in case study research: a literature review with 
“hands-on” applications for each research phase, Qualitative Market Research: An International 
Journal, vol. 6, pp. 75–86  
 
Robson, C.1935 & McCartan, K., 1980. (2016). Real world research: a resource for users of social 
research methods in applied settings, Fourth edn, Wiley, Hoboken.  
 
Safikhani, T., Abdullah, A. M., Ossen, D. R., & Baharvand, M. (2014). A review of energy 
characteristic of vertical greenery systems. Renewable and Sustainable Energy Reviews, 40, 450–462. 
Retrieved August 25, 2014 from http://doi.org/10.1016/j.rser.2014.07.166  
 
Saiu, V. (2017). "The Three Pitfalls of Sustainable City: A Conceptual Framework for Evaluating the 
Theory-Practice Gap", Sustainability, vol. 9, no. 12, pp. 2311. 
 
Sanderson Bellamy, A. & Ioris, A. (2017). "Addressing the Knowledge Gaps in Agroecology and 
Identifying Guiding Principles for Transforming Conventional Agri-Food Systems", Sustainability, 
vol. 9, no. 3, pp. 330. 
 
Satterthwaite, D., McGranahan, G. & Tacoli, C. (2010). "Urbanization and its implications for food 
and farming", Philosophical Transactions: Biological Sciences, vol. 365, no. 1554, pp. 2809-2820. 
 



   66 

Sauerborn, J. (2011). Skyfarming: an alternative to horizontal croplands. Resource: Engineering & 
Technology for a Sustainable World, 18(1), 19. Retrieved December 15, 2011 from 
http://www.highbeam.com/doc/1G1-247226253.html  
 
shiftN (2016). Global Food System Map. [online] LinkedIn Slideshare. Available at: 
https://www.slideshare.net/pvandenbroeck/global-food-system-map-57053271 [Accessed 6 Sep. 
2018]. 
 
Shillington, L.J. & Murnaghan, A.M.F. (2016). "Urban Political Ecologies and Children's 
Geographies: Queering Urban Ecologies of Childhood", International Journal of Urban and Regional 
Research, vol. 40, no. 5, pp. 1017-1035. 
 
Sivamani, S., Bae, N., & Cho, Y. (2013). A Smart Service Model Based on Ubiquitous Sensor 
Networks Using Vertical Farm Ontology. International Journal of Distributed Sensor Networks, 9(12), 
161495. Retrieved April 20, 2013 from http://doi.org/10.1155/2013/161495  
 
Sobal, J., Kettel Khan, L. & Bisogni, C. (1998). "A conceptual model of the food and nutrition 
system", Social Science & Medicine, vol. 47, no. 7, pp. 853-863. 
 
Sonnino, R. (2009). “Feeding the city: Towards a new research and planning agenda”. International 
Planning Studies 14: 425–435. 
 
Specht, K., Siebert, R., Hartmann, I., Freisinger, U.B., Sawicka, M., Werner, A., Thomaier, S., 
Henckel, D., Walk, H. & Dierich, A. (2014). "Urban agriculture of the future: an overview of 
sustainability aspects of food production in and on buildings", Agriculture and Human Values, vol. 31, 
no. 1, pp. 33-51. 
 
Stokes, T., Hector, A.J., Morton, R.W., McGlory, C. & Phillips, S.M. (2018). "Recent Perspectives 
Regarding the Role of Dietary Protein for the Promotion of Muscle Hypertrophy with Resistance 
Exercise Training", Nutrients, vol. 10, no. 2, pp. 180. 
 
Storey, N. (2015). ‘What is hydroponics?’, Upstart University Course 2030, lecture notes, Upstart 
University, Online, viewed 26 July 2018, < https://university.upstartfarmers.com/courses/1030-intro-
to-hydroponics/lessons/lesson-1-what-is-hydroponics/topic/3-hydroponic-crops> 
 
Swyngedouw, E. & Heynen, N.C. (2003). "Urban Political Ecology, Justice and the Politics of 
Scale", Antipode, vol. 35, no. 5, pp. 898-918; Shillington & Murnaghan, 2016:1019 
 
Tan, Z., Lau, K. K.-L., & Ng, E. (2015). Urban tree design approaches for mitigating daytime urban 
heat island effects in a high-density urban environment. Energy and Buildings. Retrieved February 8, 
2015 from http://doi.org/10.1016/j.enbuild.2015.06.031  
 
Taylor, R. (2014). "When wells run dry: a global analysis reveals growing societal dependence on the 
use of nonrenewable freshwater resources that depletes groundwater reserves and undermines human 
resilience to water scarcity in a warming world", Nature, vol. 516, no. 7530, pp. 179. 
 
Thomaier, S., Specht, K., Henckel, D., Dierich, A., Siebert, R., Freisinger, U.B. & Sawicka, M. 
(2015). "Farming in and on urban buildings: Present practice and specific novelties of Zero-Acreage 
Farming (ZFarming)", Renewable Agriculture and Food Systems, vol. 30, no. 1, pp. 43-54. 
 
Thompson M.J. (2017) Introduction: What Is Critical Theory?. In: Thompson M. (eds) The Palgrave 
Handbook of Critical Theory. Political Philosophy and Public Purpose. Palgrave Macmillan, New 
York 
 



   67 

Tilman, D., Balzer, C., Hill, J. & Befort, B.L. (2011). "Global food demand and the sustainable 
intensification of agriculture", Proceedings of the National Academy of Sciences of the United States 
of America, vol. 108, no. 50, pp. 20260-20264. 
 
Tornaghi, C. (2011) “Steal this veg”. The Red Pepper June. Available at: 
http://www.redpepper.org.uk/steal-this-veg.  

Tornaghi, C. (2012). “Public space, urban agriculture and the grassroots creation of new commons: 
Lessons and challenges for policy makers”. In: Viljoen A and Wiskerke JSC (eds) Sustainable Food 
Planning: Evolving Theory and Practice. Wageningen: Wageningen Academic Publishers, 349–364.  

Tornaghi, C. (2014). "Critical geography of urban agriculture", Progress in Human Geography, vol. 
38, no. 4, pp. 551-567. 
 
Touliatos, D., Dodd, I.C. & McAinsh, M. (2016). "Vertical farming increases lettuce yield per unit 
area compared to conventional horizontal hydroponics", Food and Energy Security, vol. 5, no. 3, pp. 
184-191. 
 
Types of malnutrition. (2009). Types of malnutrition. [online] Available at: 
http://conflict.lshtm.ac.uk/page_115.htm [Accessed 21 Jul. 2018]. 
 
United Nations Conference on Environment and Development (UNCED). (1992). Agenda 21, Rio 
Declaration, Forest Principles. [New York], United Nations. 
 
United Nations, (2014). World Urbanization Prospects: The 2014 Revision, Highlights 
(ST/ESA/SER.A/352). 
 
United Nations, (2017). World Population Prospects: The 2017 Revision, Key Findings and Advance 
Tables. Working Paper No. ESA/P/WP/248. 
 
United Nations Environment Programe (UNEP). (2014). Assessing Global Land Use: Balancing 
Consumption with Sustainable Supply. A Report of the Working Group on Land and Soils of the 
International Resource Panel. Bringezu S., Schütz H., Pengue W., O ́Brien M., Garcia F., Sims R., 
Howarth R., Kauppi L., Swilling M., and Herrick J. 
 
United Nations-Habitat, (2011). Cities and Climate Change: Global Report on Human Settlements 
United Nations Human Settlements Programme, pp. 2011 
 
unhabitat.org. (2018). Energy – UN-Habitat. [online] Available at: https://unhabitat.org/urban-
themes/energy/ [Accessed 8 Aug. 2018]. 
 
Urban Agriculture Committee of the Community Food Security Coalition (CFSC). (2003). Urban 
agriculture and community food security in the United States: Farming from the city center to the 
urban fringe.Available at: http://community-wealth.org/sites/clone.community-we 
alth.org/files/downloads/report-brown-carter.pdf.  
 
USDA, National Nutrient Database for Standard Reference Legacy Release. (2018a). Food 
Composition Databases Show Foods -- Basil, fresh. [online] Available at: 
https://ndb.nal.usda.gov/ndb/foods/show/02044?fgcd=&manu=&format=&count=&max=25&offset=
&sort=default&order=asc&qlookup=Basil%2C+fresh&ds=&qt=&qp=&qa=&qn=&q=&ing= 
 
USDA, National Nutrient Database for Standard Reference Legacy Release. (2018b). Food 
Composition Databases Show Foods -- Chickpeas (garbanzo beans, bengal gram), mature seeds, 
cooked, boiled, without salt. [online] Available at: 
https://ndb.nal.usda.gov/ndb/foods/show/16057?fgcd=&manu=&format=&count=&max=25&offset=



   68 

&sort=default&order=asc&qlookup=Chickpeas+%28garbanzo+beans%2C+bengal+gram%29%2C+m
ature+seeds%2C+cooked%2C+boiled%2C+without+salt&ds=&qt=&qp=&qa=&qn=&q=&ing 
 
USDA, National Nutrient Database for Standard Reference Legacy Release. (2018c). Food 
Composition Databases Show Foods -- Lentils, mature seeds, cooked, boiled, without salt. [online] 
Available at: 
https://ndb.nal.usda.gov/ndb/foods/show/16070?fgcd=&manu=&format=&count=&max=25&offset=
&sort=default&order=asc&qlookup=Lentils%2C+mature+seeds%2C+cooked%2C+boiled%2C+with
+salt&ds=&qt=&qp=&qa=&qn=&q=&ing= 
 
USDA, National Nutrient Database for Standard Reference Legacy Release. (2018d). Food 
Composition Databases Show Foods -- Peas, green, canned, no salt added, drained solids. [online] 
Available at: 
https://ndb.nal.usda.gov/ndb/foods/show/11813?fgcd=&manu=&format=&count=&max=25&offset=
&sort=default&order=asc&qlookup=Peas%2C+green%2C+canned%2C+no+salt+added%2C+drained
+solids&ds=&qt=&qp=&qa=&qn=&q=&ing= 
 
USDA, National Nutrient Database for Standard Reference Legacy Release. (2018e). Food 
Composition Databases Show Foods -- Potatoes, boiled, cooked in skin, flesh, without salt. [online] 
Available at: 
https://ndb.nal.usda.gov/ndb/foods/show/11365?fgcd=&manu=&format=&count=&max=25&offset=
&sort=default&order=asc&qlookup=Potatoes%2C+boiled%2C+cooked+in+skin%2C+flesh%2C+wit
hout+salt&ds=&qt=&qp=&qa=&qn=&q=&ing= [Accessed 26 Oct. 2018]. 
 
van Ginkel, H. (2008). "Urban Future", Nature, vol. 456, no. n1s, pp. 32-33. 
 
Veenhuizen, R.v. (2006). RUAF Foundation, International Development Research Centre (Canada) & 
International Institute of Rural Reconstruction; Cities farming for the future: urban agriculture for 
green and productive cities, RUAF Foundation, Silang, Philippines;Ottawa. 
 
Viglia, S., Civitillo, D.F., Cacciapuoti, G. & Ulgiati, S. (2017). "Indicators of environmental loading 
and sustainability of urban systems. An emergy-based environmental footprint", Ecological 
Indicators, . 
 
Vlasov, M., & Mark-Herbert, C. (2016). Enabling behaviour change - Social Practice Theory 
perspective on social marketing strategy. Presented at the 4th Nordic Conference on Consumer 
Research. Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-120787 
 
Voss, P. M. (2013). Vertical Farming: An agricultural revolution on the rise. Halmstad, 1–21.  
 
Wallgren, L. (2018). Interview with Linda Wallgren for Masters Thesis. Interviewed by Daniela 
Garcia-Caro Briceño [via Skype] Stavanger, Norway 24 May. 
 
WCED (World Commission on Environment and Development). (1987). Our common future. Oxford:  
Oxford University Press.  
 
 
We Already Grow Enough Food for 10 Billion People … and Still Can't End Hunger (PDF Download 
Available). Available from: 
https://www.researchgate.net/publication/241746569_We_Already_Grow_Enough_Food_for_10_Billi
on_People_and_Still_Can%27t_End_Hunger [accessed Mar 17 2018]. 
 
Weinstock, M. & Gharleghi, M. (2013). "Intelligent Cities and the Taxonomy of Cognitive 
Scales", Architectural Design, vol. 83, no. 4, pp. 56-65. 
 



   69 

Wennberg, N. (2018). Stadsjord. [online] Stadsjord. Available at: http://stadsjord.se [Accessed 1 Aug. 
2018]. 
 
Wezel, A., Goette, J., Lagneaux, E., Passuello, G., Reisman, E., Rodier, C. & Turpin, G. (2018). 
"Agroecology in Europe: Research, Education, Collective Action Networks, and Alternative Food 
Systems", Sustainability, vol. 10, no. 4, pp. 1214 
 
Wiek, A., Withycombe, L. & Redman, C.L. (2011). "Key competencies in sustainability: a reference 
framework for academic program development", Sustainability Science, vol. 6, no. 2, pp. 203-218. 
 
The World Bank, World Urbanization Prospects: 2014 Revision. (2014). Urban population (% of 
total) 
 [Data file]. Retrieved from http://data.worldbank.org/indicator/NY.GNP.PCAP.CD 
 
World Health Organization. (2016). What is malnutrition?. [online] Available at: 
http://www.who.int/features/qa/malnutrition/en/ [Accessed 21 Jul. 2018]. 
 
Wu, J. (2014). Urban ecology and sustainability: The state-of-the-science and future directions.  
Landscape and Urban Planning, vol. 125, pp. 209-221. 
 
Wu, F., Wu, X., Tong, X. & Jiang, B. (2013). "Emergy-based sustainability assessment of an 
integrated production system of cattle, biogas, and greenhouse vegetables: Insight into the 
comprehensive utilization of wastes on a large-scale farm in Northwest China", Ecological 
Engineering, vol. 61, pp. 335-344. 
 
Yang, D., Kao, W.T.M., Zhang, N. & Zhang, G. (2014). "Evaluating spatiotemporal differences and 
sustainability of Xiamen urban metabolism using emergy synthesis", Ecological Modelling, vol. 272, 
pp. 40-48. 
 
Yigitcanlar, T., Velibeyoglu, K. & Martinez-Fernandez, C. (2008). "Rising knowledge cities: the role 
of urban knowledge precincts", Journal of Knowledge Management, vol. 12, no. 5, pp. 8-20. 
 
Yin, R.K. (2006). "Mixed Methods Research: Are the Methods Genuinely Integrated or Merely 
Parallel", Research in the Schools, vol. 13, no. 1, pp. 41-47. 
 
Yin, R.K. (2009). Case study research: design and methods, 4.th edn, SAGE, London. 
 
Zhang, L.X., Ulgiati, S., Yang, Z.F. & Chen, B. (2011). "Emergy evaluation and economic analysis of 
three wetland fish farming systems in Nansi Lake area, China", Journal of Environmental 
Management, vol. 92, no. 3, pp. 683-694. 
 
Zhang, L.X., Song, B. & Chen, B. (2012). "Emergy-based analysis of four farming systems: insight 
into agricultural diversification in rural China", Journal of Cleaner Production, vol. 28, pp. 33-44. 
 
Zhang, Y., Zhang, X., Zhang, R., Wu, J., Lin, L., Deng, S., Li, L., Yang, G., Yu, X., Qi, H. & Peng, H. 
(2016). "An emergy evaluation of the sustainability of Chinese crop production system during 2000–
2010", Ecological Indicators, vol. 60, pp. 622-633. 
 
 
 
  



   70 

Appendices 

Appendix A: Interview guide 
 
A. Introductory comments 

Hello once again. Thank you for your willingness to participate in this interview. The purpose of 
this interview is to provide some more information regarding thoughts on urban sustainability and 
urban food production. You were selected as a good interview candidate due to your line of 
work’s proximity to these particular subjects. For the sake of this study’s reliability, would it be all 
right if I recorded this interview? I will also take this time to remind you that you will remain 
anonymous, if need be. You may find some of these questions silly or hard to answer. Please do 
not worry as there are no right or wrong answers; I am interested in your expertise and opinions. 
Feel free to interrupt at any time, ask for clarification, correct a statement, etc. 
 
I am currently a master’s student in the Sustainable Development program at Uppsala University. 
My thesis is attempting to quantify vertical farming sustainability and its effects in urban areas. I 
believe your expertise and personal experiences will provide much needed insight into this field. 
 

B. List of topic headings and key questions 
a. Would you mind giving a bit of background on yourself  

i. Name? 
ii. Work? 

b. Sustainability and sustainable development 
i. Does your work expose you to sustainability or sustainable development? 

ii. On a scale from 1 to 10, how well versed in sustainability issues do you think you 
are? 

iii. What are your thoughts on sustainability and sustainable development? 
c. Urban agriculture 

i. Have you ever heard of urban agriculture before? 
ii. What methods of urban food production have you heard most about? 

iii. What are your thoughts on vertical farming? 
1. Do you see any benefits or barriers to vertical farming? 
2. What are your thoughts on food production in cities? 

iv. What kind of impacts do you believe vertical farming can have on urban areas? 
v. Are any of these impacts related to sustainability? 

d. Urban sustainability 
i. What does urban sustainability mean to you? 

ii. How would a sustainable city look like to you? 
iii. Are there any barriers you can identify to achieving more sustainable forms of 

urbanization? 
iv. What role does food play in a sustainable city? 

 
C. Closing comments  

Thanks again for participating and allowing me to come in to interview you. For the purpose of 
legitimizing this interview, I will be sending you an interview transcript as soon as I am able so 
that you can review what was said in this interview. 

  



   71 

Appendix B: Urban sustainability terms 
 
Term Visibility in research Definition, interpretation, and/or wider term discourse 
Sustainable city Appears both with 

high frequency and 
distinct visibility.  
 
Holds a central 
position within the 
terms, coupled with a 
broad overarching 
conceptual meaning  
 
Considered 
something of an 
umbrella category in 
which much of the 
content of many of 
the others is 
contained 

Defined as a city where a higher quality of life is realized in tandem 
with policies which effectively reduce the demand on resources 
(energy, materials etc.) drawn from the city's hinterland. This results 
in a self-sufficient system  
 
Direct result of “Our Common Future’s” Sustainable Development 
concept relating to urban development. It is strongly intertwined 
with and operationalized by ‘Three Pillars of Sustainable 
Development’  
 
Conceptualized in the Aalborg Charter (1994) by more than 700 
cities worldwide, and the Melbourne Principles in Local Agenda 21 
(UNEP, 2002; see de Jong et al., 2015) 

Smart city Appears relatively 
frequent and is 
conceptually more 
distinct than 
sustainable city  
 
Use has 
exponentially 
increased since 2009 
 
Rapid growth 
suggests a new, 
intensely linked node 
is in the making. This 
constitutes a new 
collection of key 
words and related 
concepts distinctly 
different from the 
‘sustainable city’.  
 

Defined as a city where investments in human and social capital, 
traditional (transport) and modern information and 
telecommunication infrastructure are prioritized and result in 
sustainable economic development; promoting environmental 
sustainability is not a priority (Caragliu et al., 2011; see de Jong et 
al., 2015) 
 
Technocentric term derivative of ‘information city’, ‘digital city’ 
and the ‘intelligent city’  
 
Unlike ‘information cities’, ‘digital cities’ and ‘intelligent cities’, 
smart cities contextualize and embed information technology in 
wider physical and social systems, thus allowing it to be at the 
service of people, business and government (Allwinkle and 
Cruickshank, 2011, Leydesdorff and Deakin, 2011, Deakin and Al 
Waer, 2012; de Jong et al., 2015)  
 
Smart cities share six characteristic features: (1) improving 
administrative and economic efficiency and enabling the 
development of culture and society by utilizing networked 
infrastructures; (2) an underlying emphasis on business oriented 
urban development; (3) a strong focus on the goal of realizing the 
social inclusion of different kinds of urban residents in public 
services; (4) emphasizing the significant role of high-tech and 
creative industries in long-term growth; (5) paying close attention to 
the function of social and relational capital in city development; and 
(6) taking social and environmental sustain- ability as an important 
aspect of smart city development (Caragliu et al., 2011; see de Jong 
et al., 2015) 
 
Popular concept because it offers concrete innovation and 
investment opportunities for physical urban and infrastructure 
development by promoting engineering system solutions to urban 
problems  

Digital city Appears relatively 
frequently and is 
conceptually distinct, 
but very peripheral  

City defined as a connected community that combines broadband 
communications infrastructure, flexible, service-oriented computing 
infrastructure based on open industry standards, and innovative 
services to meet the needs of governments and their employees, 
citizens and businesses (Civitium Wireless Broadband, 2010; see de 
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Jong et al., 2015).  
 
Technocentric term that mainly refers to terms such as web-services 
and the virtual city  

Eco city Appears relatively 
frequent and is 
conceptually more 
distinct than 
‘sustainable city’  
 
Closely connected 
with both 
‘sustainable city’ and 
‘low carbon city’ and 
shares many concepts 
with both of them  

Defines a city built according to the principles of living within the 
means of the environment (ecological carrying capacity). 
 
Ecocentric term that stems from Richard Register’s Urban Ecology, 
which is rooted in environmental sciences and deep ecology 
 
Linked to ‘planning’, ‘urban design’, ‘technological urbanism’, 
‘green technology’, ‘good governance’, ‘techno-city’ and some 
Chinese and Korean cities  

Green city Is mentioned with 
average frequency, 
but with low 
conceptual 
distinction from other 
terms  
 
Can be seen as a 
large satellite of the 
‘sustainable’ and 
‘eco city’ categories  

Denotes a conceptual model for zero-emission and zero-waste urban 
design, promoting compact energy-efficient urban development, and 
seeking to transform and re-engineer existing city districts and 
regenerate the post-industrial city center (Lehmann, 2010; see de 
Jong et al., 2015)  
 
Ecocentric term that contains more notable ecological overtones, 
showing a strong connection with both the ‘sustainable city’ and the 
‘eco city’; more explicitly focused on the environment  
 
Is built on three interrelated mental models: living systems, 
landscape experience and native context. The integration of the three 
models generates a set of five patterns: hydrologic city, productive 
city, bioclimatic city, transit city and habitat city, which need to be 
addressed cohesively for the green city to emerge  

Low Carbon city Appears with average 
frequency, but with a 
distinct conceptual 
meaning  

Defined as a city where a focus on advanced technological 
innovation, new business and job opportunities that works to 
improve quality of life through economic growth, while significantly 
reducing natural resource consumption and environmental pollution 
(DTI, 2003; see de Jong et al., 2015) 
 
Originated as a result from UK Energy White Paper: Our Energy 
Future–Creating a Low Carbon Economy, which proposed a low 
carbon economy  
 
Concept emerged as a direct response to more recent climate change 
debates and the related discussion about cities' implication in both 
climate change mitigation and adaptation. Its focus is minimizing 
the human-inflicted carbon footprint by reducing or even eliminating 
the use of non-renewable energy resources.  
  
Technocentric term; exclusively focuses on energy issues and other 
measurable aspects of the environment, such as water, biodiversity, 
and natural resources, which makes it attractive to analysts.  
 
Linked to ‘carbon emission reduction’, ‘urban upgrading’ and 
‘protective planning’ 

 Knowledge city Appears with average 
frequency, but with a 
distinct conceptual 
meaning  

Defined as an integrated city that physically and institutionally 
combines the functions of a science park7 and knowledge based 
solutions with civic and residential functions (Yigitcanlar et al., 
2008a; see de Jong et al., 2015); strong resemblance to ‘smart city’. 

                                                
7 an area devoted to scientific research or the development of science-based or technological industries. 
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Technocentric term.  
 
Its theoretical origins are associated more with the economics of 
innovation. It is effectively interchangeable with conceptions of 
‘knowledge-based urban development’ (KBUD) (Arbonies and 
Moso, 2002; Yigitcanlar and Loennqvist, 2013; see de Jong et al., 
2015). Its widest interpretation focuses on the knowledge economy 
and industrial structure, but also stresses enriched human capital, a 
vibrant and diverse socio- cultural environment, conservation of the 
natural environment, a high-quality built environment, accessibility, 
tolerance and acceptance of multiculturalism, and social equity 
(Florida, 2005; Van Winden et al., 2007, Yigitcanlar et al. 2008b; 
see de Jong et al., 2015). Do not centrally promote ecological 
sustainability or even regenerative development. 

Resilient city Appears with average 
frequency, but with a 
distinct conceptual 
meaning  

A resilient city is a complex and multidisciplinary system requiring 
an integrated approach to allow analysts to deal with many 
uncertainties and vulnerabilities which are not always easy to predict 
(Folke et al. 2010; Little, 2004; Jabareen, 2013; see de Jong et al., 
2015). Jabareen (2013; see de Jong et al., 2015) includes (1) 
adaptation, (2) spatial planning and (3) sustainable urban form 
(consisting of compactness, density, mixed land use, diversity, 
passive solar design, greening, and renewal and utilization) as the 
three interrelated components of uncertainty orientation which 
analysts have to deal with to build good predictive models of urban 
systems as a foundation for developing measures to promote the 
‘resilient city’.  
 
Stems from resilience, which is defined as the ability of a system, 
community or society exposed to hazards to resist, absorb, 
accommodate to and recover from the effects of a hazard in a timely 
and efficient manner, including the preservation and restoration of 
its essential basic structures and functions (UNISDR, 2010:13; see 
de Jong et al., 2015).  
 
Term emerged most likely in response to the global climate debate 
and related discussion about cities' implication in both climate 
change mitigation and adaptation 
 
Found linked to ‘emergency management’ and ‘sustainability’ 

Intelligent city Appears in low 
frequency and low 
conceptual 
distinctness  
 
peripheral and minor 

Defined as an integrated city where information and communication 
technologies embedded within physical aspects of urban 
infrastructures meant to drive the evolution of urban information  
systems (Weinstock & Gharleghi, 2013). 
 
Can be characterized as a collection of intelligent buildings, shared 
car  
and cycle mobility schemes, and various interactive information  
systems for municipal and privately supplied services and  
governance (Weinstock & Gharleghi, 2013). 
 
Technocentric term with no real focus on the environment 

Ubiquitous city Appears in low 
frequency and low 
conceptual 
distinctness  
 
peripheral and minor 

Technocentric term 
 
Found linked in search to specific terms such as ‘ubiquitous’, 
‘Seoul’ (due to a related national policy program in Korea) and 
‘urban infrastructure management’  

Liveable city Appears in low 
frequency and low 

Rarely mentioned  
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conceptual 
distinctness  

Not considered worth the status of ‘Key Word’  

Information 
city 

Appears in low 
frequency and low 
conceptual 
distinctness  

Technocentric term 
 
Not considered worth the status of ‘Key Word’ 

 
The terms are listed in order of most to least common (i.e. ‘Sustainable City’ is term most frequently 
used), and bolded terms are key categories in terms of frequency AND conceptual distinctiveness. A 
key distinction between terms found is the differentiation between eco and technocentrism. 
Ecocentrism prioritizes the environment and support transitions that favor the environment (Bratel, 
2012:11). Technocentrism emphasizes the human control and manipulation of nature (Bratel, 
2012:11). The only general term is ‘sustainable city.’ Only three terms classify as ecocentric, while the 
majority of terms (eight) classify as technocentric. A review of these terms helped define urban 
sustainability for this study. 
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Appendix C: Additional Food Security Information 
A. Food security indicators and links to nutrition 

When people suffer from food insecurity, it manifests as malnutrition (FAO, 2017b:25). The 
World Health Organization (WHO) defines malnutrition as deficiencies, excesses or imbalances 
in a person’s intake of energy and/or nutrients (2016). This can be experienced as undernutrition, 
which includes stunting (chronic undernutrition), wasting (acute undernutrition), underweight, and 
micronutrient deficiencies or insufficiencies, and as overweight, obesity, and diet-related non-
communicable diseases (e.g. heart disease, stroke, diabetes and cancer) (Types of Malnutrition, 
2009; WHO, 2016). Furthermore, these experiences are not exclusive: undernutrition and 
overweight can be found within the same community, household or even individual (WHO, 2016).  
 
According to the most recent State of Food Security and Nutrition in the World  (FAO et al., 
2017), although nourishment indicators have shown improvements, global hunger appears to be on 
the rise again. Undernourishment increased by 38 million people from 2015 to 2016, 155 million 
children under five years continue to suffer from stunted growth, 52 million children under five 
years are affected by wasting, and both childhood and adult overweight and obesity are increasing 
globally (FAO et al., 2017:2). As of 2017, two measures of food insecurity were implemented in 
efforts to start of a new era in monitoring progress towards achieving a world without hunger and 
malnutrition (FAO et al., 2017:3): the PoU and Prevalence of Severe Food Insecurity (chapter 1). 
The PoU is the internationally established indicator to measure hunger and food insecurity.  PoU 
estimates are derived from official country data on food supply, food consumption, and energy 
needs (taking into consideration demographic characteristics such as age, sex and levels of 
physical activity) (FAO et al., 2017:4). The Prevalence of Severe Food Insecurity is estimated 
based on data collected from adult individuals worldwide using the FIES. The FIES is an 
experience-based metric of the severity of food insecurity, relying on direct yes/no responses to 
eight questions regarding access to adequate food (appendix C ) (FAO et al., 2017:10). 
 
According to FAO estimates, the global PoU may have risen 11 percent in 2016. Additionally, a 
variety of other factors and data sources also confirm this trend: recent reductions in food 
availability, increases in food prices, increased global conflicts, weather-related events (e.g. 
drought), and economic slowdowns that reduce import capacity (FAO et al., 2017:8-9). Data 
collected in 2014, 2015 and 2016 by the FIES revealed that nearly one in ten people in the world 
(9.3 percent) suffered from severe food insecurity, corresponding to about 689 million people 
(FAO et al., 2017:10-11). Even though a few outliers appear, the data for both measures largely 
parallel one another, providing additional support to data collected. 
 
In addition to these two food security indicators, the FAO relies on six nutrition indicators. 
 
Table 14. Nutrition Indicators (data from Types of Malnutrition, 2009 & FAO et al., 2017:14-21) 

Nutrition 
Indicator 

Description  Effects Key Determinants 

Stunting in 
children <5 years 

Assesses linear growth in the 
first five years of life, and is 
evidence that children are 
too short for their age, 
reflecting a chronic state of 
undernutrition. 

Stunting before the age of 2 
indicates higher risks of illness 
and poor development of 
cognitive skills in childhood and 
adolescence. This affects labor 
productivity, income-earning 
potential and social skills in later 
life. Widespread stunting can 
also drag down the economic 
development of entire 
communities and nations 

Compromised maternal 
health and nutrition before 
and during pregnancy and 
lactation, inadequate 
breastfeeding, poor feeding 
practices for infants and 
young children, and 
unhealthy environments for 
children, including poor 
hygiene and sanitation.  
 
 

Wasting in 
children <5 years 

Childhood wasting, or being 
too thin for one’s height, 

Weight loss and/or poor weight 
gain with a heightened risk of 

Usually results from low 
birth weight, inadequate 
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reflects recent and acute 
undernourishment. 
Reversible with refeeding 

disease and death diet, poor care practices and 
infections  
 

Overweight in 
children <5 years 

Childhood overweight, or 
being too heavy for one’s 
height, reflects chronic 
malnourishment  

Leads to higher risks of 
developing serious health 
problems (e.g. type 2 diabetes, 
high blood pressure, asthma and 
other respiratory problems, sleep 
disorders and liver disease), 
obesity, other diet-related non-
communicable diseases, 
premature death, and disability 
in adulthood.  

Environments that 
encourage unhealthy food 
preferences  
 
Availability, affordability 
and marketing of highly 
processed foods that are 
high in sugar and fats 
 
Sedentary lifestyles  
 
 

Obesity among 
adults 

Having more weight than 
considered healthy  

Major risk factor for non-
communicable diseases (e.g. 
cardiovascular disease, diabetes 
and some cancers) which 
represent the leading cause of 
death and illness worldwide 

Unhealthy diets: increasing 
consumption of highly 
processed foods  
 
Sedentary lifestyles due to 
income growth and 
urbanization  
 

Anemia in 
women of 
reproductive age 

Occurs when red blood cells 
are low in number and size, 
resulting in a state of 
hemoglobin concentration 
that limits the blood’s ability 
to transport oxygen around 
the body  

Adverse health consequences for 
women and their children: 
anemia during pregnancy causes 
fatigue, lowered productivity, 
increased risk of maternal and 
perinatal mortality, low birth 
weight, and anemia and poor 
growth and development in 
young children  
 
Can also affect social and 
economic development 

Diets low in micronutrient 
content (e.g. iron, folate, 
riboflavin, and vitamins A 
and B12), acute and/or 
chronic infections (e.g. 
malaria, tuberculosis and 
HIV), other chronic diseases 
and cancer, or inherited 
genetic disorders that affect 
hemoglobin synthesis, red 
blood-cell production or red 
blood-cell survival 

Exclusive 
breastfeeding for 
infants <6 months  

Improved rates of 
breastfeeding directly 
contribute to ending hunger 
and child malnutrition 
 
Considered to be the 
preventive intervention with 
the single largest impact on 
child survival  
 

Provides essential nutrition 
children’s physical and cognitive 
growth. Helps reduce child 
mortality, improve nutritional 
status, prevent common 
childhood illnesses and non-
communicable diseases, and 
improve development and 
learning. Decreases the risk of 
overweight and obesity later in 
life  
 
Promotes uterine contraction, 
helps prevent postpartum 
hemorrhage, decreases the 
likelihood of developing iron-
deficiency anemia, and reduces 
the risk of various types of 
cancer in mothers 

Improving existing 
breastfeeding practices 

 
Tracking stunting, wasting, and overweight in children under five years of age, obesity among 
adults, anemia in women of reproductive age, and exclusive breastfeeding for infants under 6 
months is important to understanding malnutrition and its effects on a global level. All six of these 
indicators, especially those measured in children, highlight issues that result in higher risks of 
illnesses, disease and other serious health issues, as well as poor development of cognitive and 
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social skills that affect the social and economic development of entire communities and nations. 
Understanding of the interrelationships among these indicators, and the complex relationship 
between food security and nutrition, is important to achieving better food security in the long term.  

 
 

B. Structural causes of hunger and malnutrition: FAO list of factors 
An indicative, non-exhaustive list of factors that may contribute to hunger and malnutrition has 
been compiled from a wide variety of sources and is provided below (FAO, 2017): 
 
A) Governance 

• Inadequate governance structures to ensure institutional stability, transparency, 
accountability and rule of law and non-discrimination, which lead to taking of efficient 
decisions and underpin access to food and higher living standards;  

• War, conflict and lack of security that play a major role in deepening hunger and food 
insecurity; in fragile states, conflict, political instability and weak institutions intensify 
food insecurity;  

• Inadequate high-level political commitment and prioritization of the fight against hunger 
and malnutrition, including failure to fully implement past pledges and commitments and 
insufficient accountability;  

• Inadequate coherence in policy-making and prioritization of policies, plans, programs and 
funding to tackle hunger, malnutrition and food insecurity, focusing in particular on the 
most vulnerable and food insecure populations;  

• Inadequate state services in rural areas and involvement by representatives of 
communities in decision-making processes affecting their livelihoods;  

• Fragmented cooperation and financing, dispersion of assistance in large numbers of 
projects that lack scale to make significant impact and add to high administration costs.  

 
B) Economic and production issues  

• Poverty and inadequate access to food, often resulting from high unemployment and not 
enough decent work; inadequate social protection systems; unequal distribution of 
productive resources such as land, water, credit and knowledge; insufficient purchasing 
power for low-waged workers and the rural and urban poor; and low productivity of 
resources;  

• Inadequate growth in agricultural production 
• Lack of an open, non-discriminatory, equitable, distortion-free, transparent  multilateral 

trading system that promotes agriculture and rural development in developing countries 
could contribute to world food insecurity;  

• Continuing insecurity of land tenure and access to land, water, and other natural resources, 
particularly women farmers; 

• Insufficient international and national investment in the agricultural sector and rural 
infrastructure, particularly for small-scale food producers;  

• Insufficient access by producers to relevant technologies, inputs and institutions;  
• Insufficient focus on livestock production in agricultural systems;  
• Inadequate infrastructure to reduce post-harvest losses as well as to provide access to 

markets;  
• High levels of food waste;  
• Lack of comprehensive technical assistance for food producers. 

 
C) Demographic and social issues  

• Insufficient attention paid to the role and contribution of women and their special 
vulnerabilities in regard to malnutrition, and the many forms of legal and cultural 
discrimination they suffer; this includes the particular nutritional vulnerabilities of women 
and children that are often not adequately addressed;  
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• Demographic changes: population growth, urbanization and rural-urban migration; rural 
employment and lack of opportunities for diversification of livelihoods; and growing 
inequalities between population groups within countries;  

• Inadequate effective social protection systems, including safety nets; 
• Marginalization and discrimination against vulnerable groups such as indigenous peoples, 

internally displaced persons or refugees, and social and cultural exclusion experienced by 
most of the victims of food insecurity and malnutrition;  

• The social determinants of malnutrition, including access to safe water and sanitation, 
maternal and child care, and quality health care;  

• Prevention and treatment of pests and diseases related to food and nutrition insecurity: the 
inappropriate consumption and over-consumption of food, often with a lack of essential 
micronutrients, can cause serious problems to health, including malnutrition and obesity;  

• Low levels of education and literacy impacting malnutrition, including detrimental 
feeding/behavioral practices;  

• Inadequate support dedicated to protecting best practices of infant and early childhood 
feeding.  

 
D) Climate/environment 

• Inadequate disaster preparedness and response is a factor contributing to hunger, which 
affects all dimensions of food security. The food insecure, many of whom live in marginal 
areas, are disproportionately exposed to natural hazards and are the least able to cope with 
its effects; 

• Degradation of ecosystems and depletion of natural resources, especially biodiversity; 
• The impact of climate change on agriculture, including land degradation, increasing 

uncertainty about crop yields and the intensification of floods and droughts; and also its 
effects on the most vulnerable; 

• Unsustainable use of natural resources;  
• Inadequate attention to sustainable fisheries and forestry management and conservation as 

a factor in preserving their contribution to food security.  
 
C. FIES Survey Module 

This data has been obtained from The FAO’s webpage on the FIES (FAO, 2018). 
 
The FIES-SM questions refer to the experiences of the individual respondent or of the 
respondent’s household as a whole. The questions focus on self-reported food-related behaviors 
and experiences associated with increasing difficulties in accessing food due to resource 
constraints.  
 
During the last 12 months, was there a time when, because of lack of money or other resources: 
1. You were worried you would not have enough food to eat? 
2. You were unable to eat healthy and nutritious food? 
3. You ate only a few kinds of foods? 
4. You had to skip a meal? 
5. You ate less than you thought you should? 
6. Your household ran out of food? 
7. You were hungry but did not eat? 
8. You went without eating for a whole day? 
 
The set of eight questions compose a scale that covers a range of severity of food insecurity. 
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Appendix D: Emergy inputs, UEVs and GEB ratios 
This appendix details the list of inputs supplied by Vertical Farm X (Table 15), the list of UEVs found 
to help complete the vertical farm’s system diagram (Table 16), and the list of GEB ratios that were 
referenced in order to ensure all UEVs were referenced using the same baseline. 
 
Table 15. Inputs into different processes for Vertical Farm X 

Crop germination station inputs: 
• Electricity 
• Seeds 
• Substrate 
• Water 
• Build/Package Material 
• Plastic trays (reusable) 
• Metallic benches (reusable) for the plastic trays 
• Machinery/Equipment 

o Seeding machine 
• Labor for manipulating the machines 

 
Growing system station inputs: 

• Electricity 
• Substrate with seeds (previous phase-plastic trays and metallic benches) 
• Water (rain) 
• Fertilizers (Macro and micro nutrients) 
• Build Materials 

o Metallic racks 
o Plastic pipes 
o LED lights 
o Electrical cables 
o Water tanks 
o Pumps 

• Machinery 
• Robot (For transferring into the system) 
• Irrigation system 
• Water disinfection system 
• Climate and ventilation system 
• Tools 
• Sensors (temperature, humidity, CO2, EC, pH) 
• Labor (to operate the machines) 

 
Harvest station: 

• Electricity 
• Substrate with crops (previous phase-plastic trays and metallic benches) 
• Build Materials 

o Metallic racks 
o LED lights 
o Electrical cables 

• Machinery 
• Robots (for harvesting) 
• Climate and ventilation system 
• Labor (to operate the machines and harvest if it is done without machines) 
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Table 16. Lean emergy UEV table (system diagram aid) 

Unit Emergy 
Value 

Note Item Unit (sej/unit) References 
LOCAL RENEWABLE INPUTS (R) 
1 Rain J 7,00E+03 a 
IMPORTED INPUTS (F) 
2 Electricity J 2,29E+05 a,b 
3 Seeds J 2,88E+08 a,c 
4 Plastic (Building materials) g 3,00E+08 a,c 
5 Steel (Building materials) g 2,80E+09 a,c 
6 Potassium  g 1,40E+09 a,d 
7 Nitrogen g 4,83E+09 a,d 
8 Phosphate g 4,95E+09 a,d 
9 Coco-Peat (substrate) kg 6,27E+11 a,e 
10 Labor hr 8,85E+11 a,f 
11 Machinery g 1,01E+10 a,g 
12 Services, total $ 2,70E+12 

Services, infrastructure $ 2,70E+12 
Services, organic materials $ 2,70E+12 a,b 
Services, equipment $ 2,70E+12 
Services, labor $ 2,70E+12 

GEBs and ratios: 

The baseline referred to in this study is GEB2016= 12x1024 seJ y-1 (Brown et al., 2016). The different 
GEBs encountered in this study, along with their respective ratios are listed below: 

Baseline Multiplier* 
GEB1996= 9.44x1024 seJ y-1 1.27 
GEB2000a= 15.83x1024 seJ y-1 0.76 
GEB2000b= 9.26x1024 seJ y-1 1.30 
GEB2010= 15.2x1024 seJ y-1 0.79 
GEB2016= 12x1024 seJ y-1 1 
*(rounded to 3 significant figures) multiplier = GEBnew / GEBold 

Reference list and baselines used: 

a. Brown & Ulgiati, 2016b. GEB2016
b. NEAD, 2016. GEB2010
c. Maassen, 2017b. GEB2016
d. Ghaley et al., 2018. GEB2000a
e. Raghavan, K., 2014. GEB2000a
f. Odum, 1996. GEB1996
g. Wu et al., 2013. GEB2000b
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