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Abstract

The concept of smart sustainable cities has appeared as a solution to the challenges of urbanization, such

as sustainability, environmental degradation, and resource depletion. This research aims to investigate the

potential of urban farming as a nature-based solution to transform European cities towards the concept of

the smart sustainable city, where technology, sustainable practices, and local people come together. The

project adopts a qualitative single case study of the BIGH Brussels Aquaponic Farm utilizing fieldwork

observation and social media, accompanied by scientific literature. The collected data will be analyzed

through a thematic analysis approach using coding tables. The theoretical basis for this study lies within

three major theories: the smart city, the sustainable city, and social sustainability. The smart sustainable

cities theory integrates these three theoretical frameworks and proposes that smart sustainable cities

should be developed using a holistic approach that considers the social, economical, and environmental

aspects of urban development. These three dependent variables were analyzed based on the independent

variable, the characteristics of the farm. It has been found that by understanding the potential of urban

farming as a nature-based solution, cities can implement innovative approaches to achieve sustainable

development while also promoting social, economic, and environmental sustainability.
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Abbreviations

BIA Building-integrated Agriculture

BIGH Building Integrated Greenhouses

CO2 Carbon Dioxide

DNA Deoxyribonucleic Acid

EU European Union

GHG Greenhouse Gas

ICT Information and Communication Technology

NATO North Atlantic Treaty Organization

NbS Nature-based Solutions

NGO Non-governmental Organization

O2 Oxygen

pH Power of Hydrogen

RAS Recirculating Aquaculture System

SDGs Sustainable Development Goals

SQ Sub-Question

SSC Smart Sustainable City

TA Thematic Analysis

UN United Nations

UV Ultraviolet
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1. Introduction

“Our struggle for global sustainability will be lost or won in cities”
(Ban Ki-moon, 2012)

With the ongoing trend of urbanization, cities are facing various challenges related to sustainability,
environmental degradation, and resource depletion. Cities are defined as “hubs for ideas, commerce,
culture, science, productivity, social, human and economic development” by the UN (United Nations
Department of Economic and Social Affairs, n.d.). As of 2022, more than half of the world’s population
settled in cities, which is expected to increase in the upcoming years (Guterres, 2022). Urbanization leads
to an increasing demand for resources, energy, and land use. The challenge of feeding city residents is
significantly increasing. While the soil fertility is consistently shrinking, human activities, globalization,
and the exploitation of natural resources severely jeopardize the food sovereignty of the earth. As cities
are responsible for 70% of the world’s greenhouse gas emissions (Dasgupta et al., 2022), the need for
sustainable urban development has become increasingly urgent. In response to these challenges, the
concept of smart sustainable cities has emerged as a solution.

Cities play a crucial role in fighting societal challenges and achieving sustainable development, and the
United Nations has recognized the importance of urban sustainability through its Sustainable
Development Goals. Their importance for achieving urban sustainable development is particularly
emphasized by SDG 11, which aims to “make cities and human settlements inclusive, safe, resilient, and
sustainable” (Jensen, 2022). Achieving this goal requires cities to focus on reducing their environmental
impact while also improving the quality of life for their citizens. It requires a focus on social, economic,
and environmental sustainability, as well as the integration of technology and governance to create smart
sustainable cities (United Nations, 2023).

A smart sustainable city aims to integrate technological advancements, environmental sustainability, and
social inclusion to create a livable and resilient urban environment (Bouzguenda et al., 2019).
Nature-based solutions, such as urban farming, have been increasingly recognized as means to achieve the
goal of a smart sustainable city (Brown, 2021).

Urban Farming, in particular, has gained significant attention as a promising nature-based solution for
sustainable urban development. It is a form of agriculture that involves the cultivation of plants and
rearing of animals in urban areas (Diemer et al., 2020). Urban Farming offers numerous benefits such as
improved food security, reduced carbon footprint, enhanced biodiversity, and increased community
engagement (Eigenbrod & Gruda, 2015).

Despite the growing interest in nature-based solutions and urban farming, there is still a significant
knowledge gap regarding their potential to contribute to the concept of smart sustainable cities. Previous
research has primarily focused on the technical aspects of urban farming, such as its environmental and
economic benefits (Bibri & Krogstie, 2017). However, few studies have explored the cultural and social
elements of urban farming and its potential to address broader sustainability challenges in cities.
Additionally, the concept of a smart sustainable city as such exists but little research has been done on
how to apply this theoretical term and what characteristics such projects include (Höjer & Wangel, 2015).
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This research project aims to explore this knowledge gap by investigating the potential of urban farming
as a nature-based solution to transform cities towards the concept of smart sustainable cities and its
potential impacts on technology, sustainable practices, and community engagement.
To do so, the BIGH Brussels Aquaponic Farm, also called Abattoir Farm, an urban rooftop farm in
Brussels, where fish, vegetables, herbs, and fruits are being cultivated, will be analyzed regarding the
above-mentioned variables of technology, sustainable practices, and community engagement (BIGH,
2022 & 2023).

This results in the research question of “To which extent do the characteristics of the BIGH Brussels
Aquaponic Farm contribute to the concept of the smart sustainable city where technology, sustainable
practices, and local people come together?”.

To answer this question, a single case study of the urban farm “BIGH Brussels Aquaponic Farm” has
been conducted through a thematic analysis, using fieldwork observation, the farm’s website and social
media, and an interview accompanied by scientific literature.

The findings of this research can be useful to urban planners, policymakers, and other stakeholders who
want to achieve sustainable and resilient urban development. Urban farming, especially urban aquaponic
farming has the potential to be a nature-based solution that cities can use to achieve sustainable
development while also encouraging social and economic sustainability.

The following part of this thesis will give a thorough understanding of the smart sustainable cities theory
by connecting three major theoretical concepts and theories. The methodology section will describe how
the research was operationalized while outlining the techniques used for the data collection and analysis.
Next the analysis will be carried out. Following the analysis, a critical evaluation will be made and the
limitations of this project will be discussed. Lastly, this paper will end with a conclusion answering the
research question and addressing suggestions for further research.

5



2. Theory
Smart sustainable cities have become more popular as a potential solution to the challenges caused by
climate change and urbanization. While cities serve as hubs for human activities, technology, sustainable
practices, and citizen involvement are all viewed as crucial factors in the development of smart
sustainable cities (Yin et al., 2015). The theoretical basis for this study lies within three major theories:
the smart city theory, the sustainable city theory, and the social sustainability theory. These theories help
to explain the concept of smart sustainable cities.

Smart City Theory
The concept of a smart city has developed throughout decades with numerous approaches and
frameworks. It emerged somewhere between the 1960s as “cybernetically planned cities” (Gabrys, 2014)
and the late 1990s during the “smart growth movement” (Neirotti et al., 2014). Even though this concept
has been widely used among policymakers, universities, research institutions, governments, and ICT
companies, its meaning is still vague and inconsistently understood (Bibri & Krogstie, 2017). Attaran,
Kheibari & Bahrepour (2022) state that the term of a smart city generally refers to “the search for and
identification of smart solutions that allow modern cities to improve the quality of services provided to
citizens” (Attaran, Kheibari & Bahrepour, 2022: 514). Generally speaking, smart cities use data and
technology to enhance the effectiveness, sustainability, services and quality of life. Those include public
safety, energy, waste and water management, interaction and community, health, mobility and
transportation, housing, and economic development (Attaran, Kheibari & Bahrepour, 2022). In order to
increase the efficiency of a city, citizen participation, decreasing environmental effects of climate change,
urbanization and globalization, and technology is being integrated into the systems of a city giving it its
smartness (Hilty & Aebischer, 2014). Samih (2019) compared different definitions and found that they
seem to have two main interpretations: “(a) [a] smart city is a living solution that integrates different life
facilities such as transportation, power, and buildings in an efficient manner to improve the services for its
citizens; (b) [a] smart city exemplifies the importance of sustainability of resources and applications for
future generations” (Samih, 2019:4).

In scientific literature, approaches vary from top-down to bottom-up models. Bibri and Krogstie (2017)
identify the first one as the technology and ICT-oriented approach, also called hard infrastructure, and the
latter as the people-oriented approach, known as soft infrastructure, as the two mainstream approaches.
The development of smart cities and such projects also differ by region and context, based on the
countries' particular challenges and priorities (James et al., 2021).

Prospective smart cities will involve a number of different projects, including mobility, transport, and
infrastructure, usage of urban land, networking, sensing and integrated databases, participatory
governance and planning, economy, and urban intelligence (Batty et al., 2012).

Regardless of the potential of smart cities, critics worry that technology could harm social and
environmental aspects. According to Fadda et al. (2021), smart city developments with its ICTs can result
in exclusion, surveillance, and in exclusion of minorities. Therefore, developments and projects that aim
at smart city integration need to be overwatched and evaluated closely.
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To do so, Boyd Cohen developed an analytical framework named the “Smart City Wheel” which can be
seen in figure number one. This approach identifies six key dimensions: Smart Economy, Smart
Governance, Smart People, Smart Living, Smart Mobility, and Smart Environment. All of these aspects
need to be combined and balanced out when carrying out smart city projects to ensure that the needs of a
city and its citizens are being met, without leaving out environmental aspects (Giffinger & Gudrun, 2010).

Figure 1: The Smart City Wheel by Boyd Cohen

Source: Cohen, 2012

Sustainable City Theory
While the smart city theory emphasizes technological innovation, the sustainable city theory focuses on
the sustainable development of cities while preserving the environment, including its biodiversity, natural
resources, and ecosystems (Childers et al., 2014). During the 1960s and early 1970s the concepts of
sustainability and sustainable development first took shape in response to the increasing economic,
environmental, and social challenges that were being faced on a global scale. Two major crises
contributed to this discourse: the urban crisis of decreasing life quality in the fast growing cities, and the
economic crisis of environmental suffering through industrialization (Shirazi & Keivani, 2016). Bibri and
Krogstie (2017) define the sustainable city as “an urban environment designed with the primary aim of
contributing to improved environmental quality and protection and social equity and well–being over the
long run, which can be attained through adopting sustainable development strategies to foster
advancement and innovation in built environment, infrastructure, operational functioning, planning, and
ecosystem and human service provisioning, while continuously optimizing efficiency gains” (Bibri &
Krogstie, 2017: 193). Energy and resource efficiency, renewable energy, reduced pollution, ecosystem
preservation, spatial proximity, scalable design, zero waste systems, carbon neutrality, sustainable
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mobility, and livability are amongst the key characteristics of sustainable cities (Basiago, 1998; Bohl,
2000; Williams, 2009). That includes protecting all life on land and below water and recognizing the great
impact of human activities leading to climate change, pollution, and resource scarcity (Harrington, 2016;
Stern, 2018).

Dobson (1998) emphasizes the significance of adopting a long-term perspective when making decisions
and implementing projects to ensure that “present actions do not compromise the ability of future
generations to meet their needs” (World Commission on Environment and Development, 1987). To do so,
a balance between economic, environmental, and social factors needs to be striked (Butler, 2011).

Sustainable urban development depends greatly on the spatial arrangement and form of buildings and
objects in a city. There are four models to classify sustainable urban forms: urban containment, compact
city, neotraditional development (new urbanism), and eco-city (Jabareen, 2006). Jabareen identifies the
eco-city and the compact city as the most sustainable urban forms. Former focusing on ecological
diversity and environmentally sound policies, the latter prioritizing density and mixed-land use (Jabareen,
2006).

The United Nations have recognized the importance of sustainable (city) development in its seventeen
Sustainable Development Goals of the Agenda 2030 in 2015. These goals cover a wide range of areas
such as challenges citizens have to face, environmental measures, economical growth and peace. (United
Nations, n.d.). These goals are not only “blueprint[s] for peace and prosperity for the people and the
planet” (United Nations, n.d.), but can also serve as an analytical framework when assessing the
sustainable development of existing projects and initiatives. Figure number two gives an overview of the
seventeen goals and targets set by the UN for sustainable development.

Figure 2: The Sustainable Development Goals by the United Nations

Source: United Nations, 2015
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Social Sustainability Theory
Both theories, the smart city theory and the sustainable city theory point out the importance of the people.
That is why a third theory must be considered when exploring and analyzing smart sustainable cities: the
social sustainability theory. Social sustainability often serves as an umbrella term for the discourse of
social equity and social justice, social capital, social cohesion, social exclusion, environmental justice, the
quality of life, and urban liveability (Shirazi & Keivani, 2016; Widok 2009). Magis and Shinn (2009)
argue that the two pillars of sustainable development, ecology and economy, have been greatly
investigated, however the third pillar, social sustainability, has not been recognized as important.
Therefore, no consistent definition of this concept exists and its meaning differs throughout scholars
(Rocak et al., 2016; Lee & Yoo, 2016). Sachs (1999) simply argues that the fundamental principles of
equity and democracy, along with human rights, including political, economic, civil, social, and cultural
rights for everyone, must serve as the foundation of a good definition of social sustainability. Stren and
Polese describe more in detail that “[s]ocial sustainability for a city is defined as development (and/or
growth) that is compatible with the harmonious evolution of civil society, fostering an environment
conducive to the compatible cohabitation of culturally and socially diverse groups while at the same time
encouraging social integration, with improvements in the quality of life for all segments of the
population” (Polese & Stren, 2000: 15–16).

Developing and preserving strong social networks, while promoting social capital and encouraging social
cohesion, is being emphasized by the social sustainability theory (Kohon, 2018). Eizenberg and Jabareen
(2017) argue that citizen-participation, ownership, and community empowerment in decision-making
processes and building durable and inclusive governance structures are key characteristics to support
social urban development.

There are various operational challenges of social sustainability when trying to create an analytical
framework, such as the number and nature of indicators, the scale of operation, the geography of
operation, and the field of operation (Shirazi & Keivani, 2016). Ly and Cope (2023) developed a
conceptual model with five dimensions: equity, social inclusion and cohesion, safety and security,
adaptability, and quality of life. These dimensions should guide scholars and policy-makers through a
process of effective management of social capital as a resource while considering natural disasters and
climate change.

Smart Sustainable Cities Theory
The smart sustainable cities theory integrates and combines these three theoretical frameworks by
suggesting that the development of smart sustainable cities should be based on a holistic approach that
recognizes the economic, social, and environmental aspects of urban development (Bouzguenda et al.,
2019, Höjer & Wangel, 2015). After global shifts in urban growth, sustainability awareness, and
technological developments, this new techno-urban phenomenon emerged during the mid-2010s and is
considered a rather young concept (Höjer & Wangel, 2015).

These authors identified five developments that contributed to the creation of this concept: smart cities,
urban ICT, sustainable cities, sustainability and environmental issues, sustainable urban development, and
urbanization and urban growth (Höjer & Wangel, 2015). Bibri and Krogstie describe the smart sustainable
city concept as “a social fabric made of a complex set of networks of relations between various
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synergistic clusters of urban entities that, in taking a holistic and systemic approach converge on a
common approach into using and applying smart technologies that enable to create, disseminate, and to
mainstream solutions and methods that help provide a fertile environment conducive to improving the
contribution to the goals of sustainable development” (Bibri & Krogstie, 2017: 193-194). Höjer and
Wangel summarize this definition as “a city that meets the needs of its present inhabitants, without
compromising the ability of other people or future generations to meet their needs, and thus, does not
exceed local or planetary environmental limitations, and where this is supported by ICT” (Höjer &
Wangel, 2015: 338).

The smart sustainable city is characterized by using advanced ICT which aim at helping cities become
more sustainable and enhancing the quality of life for its residents. This includes implementing smart
technologies, data collection and analysis, and synthesis (Bibri & Krogstie, 2017). Scholars argue that the
smartness of a city is intertwined with sustainable practices and social dimensions (Marsal-Llacuna, 2016;
Yigitcanlar et al., 2019).

This framework combines the environmental and social sustainability theories with the concept of a smart
city and strikes a balance between them in order to build livable, prosperous, and resilient cities. It is built
on the premise that cities are complex systems in need of integrated solutions to tackle sustainability
challenges (Bibri & Krogstie, 2017). However, tensions can arise between the three characteristics of
smart sustainable cities. These tensions may appear as conflicts between competing objectives, trade-offs
between diverse types of solutions, or disputes regarding the most effective strategy for achieving smart
and sustainable goals. If technology is not applied in a way that enhances sustainability, it could cause
new environmental issues or intensify social injustices (Söderholm, 2020). The involvement of different
stakeholders such as governments and their agencies, citizens, NGOs, and private companies is
fundamental to achieve effective solutions (Huovila et al., 2019).

Nature-based Solutions
One approach towards smart sustainable cities are nature-based solutions. Nature-based solutions are an
umbrella term which describes the actions that support both, biodiversity and human well-being (Brown,
2021). Brown (2021) defines three levels on which nature-based solutions are essential for the urban
environment. The first one being “[w]ithin cities, where they can provide natural shading and reduce
urban heat island effects and cooling needs, manage run-off water, improve health and well-being by
reducing air pollution, and offer recreational spaces” (ibid.: 10). The second one being “[a]round cities,
where they can form part of city-region interlinkages related to watershed management, recreational
spaces, wildfire management, reduction and capture of CO2, sand and dust storm reduction measures”
(ibid.:10). Brown defines the third level as “[a]way from cities, where nature-based solutions can be
applied to the procurement of goods and infrastructure as well as built environment decisions
that influence urban supply chains” (ibid.).

Urban Agriculture
One approach to implement nature-based projects that aim to fulfill the smart sustainability goal is urban
agriculture, also known as urban farming. The research question of this thesis specifically deals with
urban agriculture. Orsini et al. (2013) define urban agriculture as the “production in the home or plots in
urban or peri-urban areas”, often in small or limited spaces (Orsini et al., 2013: 699). This includes the
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cultivation of vegetables and fruit crops, herbs, bee keeping, animal rearing on a small scale,
wood-production, and aquaculture, where plant and fish cultivation is intertwined (Ghosh, 2004).

Urban agriculture provides a chance to improve the food supply, local economy, social integration, health
conditions, and environmental sustainability simultaneously (Orsini et al., 2013). It is significantly
impacted by external factors such as land competition, policies, consumption, quality standards, pollution,
climate conditions, price trends, access to natural resources and labor, and market presence. Urban Farms
utilize the city's resources like water, land, organic waste, and labor (Ghosh, 2004; Orsini et al., 2013).
Scholars have found a variety of aspects that urban farming benefits: health, environment, ecology, social,
educational, economic, food security, and valuable use of land (Bellows et al., 2008; Eizenberg, 2019;
Ernwein, 2014; Nicola et al., 2020; Oldenburg, 2001; Orsini, 2013; Yusoff et al., 2017). Urban farming
has the potential to contribute to the development of smart sustainable cities by providing a nature-based
solution to challenges such as food security, resource management, and community resilience (Hui, 2011;
Kyaw & Ng, 2017). Nevertheless, challenges such as limited space, access to resources, and potential
health risks associated with urban soils and water quality must also be addressed (Canet-Marti et al.,
2021).

Generally, the term can be divided into public and private types. Public urban farms are defined as
accessible by everyone (Müller, 2011). These include community gardens, tactical gardens, street
landscaping, balcony farming, forest gardening, greenhouses, rooftop gardens, horticulture, green walls,
vertical farms, intercultural gardens, backyard gardens, guerilla gardening, and aquaponics (Erwein, 2014;
Ghosh, 2004; Holland, 2004; Hui, 2011; Kurtz, 2001; Kyaw & Ng, 2017). All of these types can be used
in a private setting as well and can be found indoor and outdoor.

Sub-questions
When wanting to analyze an urban farming project as the BIGH Brussels Aquaponic Farm regarding its
contribution to a city’s smart sustainability, I compared the different definitions of smart cities, sustainable
cities, and social sustainability and combined them with the two previous explained methodological
frameworks of the Smart City Wheel, where the smartness and technology stands in the foreground, and
the SDGs, which aim to contribute to sustainability, to create my own framework for an evaluation of
projects that aim to contribute to smart sustainable cities. In both concepts, the aspects of the people and
social sustainability were stressed.

The three dependent variables of technology, sustainable practices, and local people became the center of
the framework as I identified these aspects to be the main characteristics of a SSC project and formed the
main research question.
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Figure 3: Evaluation wheel for smart sustainable projects

Source: Own work

To answer the research question of to which extent the characteristics of the BIGH Brussels Aquaponic
Farm contribute to the concept of the smart sustainable city where technology, sustainable practices and
local people come together, the before mentioned aspects have to be analyzed. Therefore, three following
sub-questions (SQ) are formulated based on previous theories and literature and my own model for
evaluating smart sustainable projects combing the smart city wheel and the SDGs:

SQ1: In which way does technology, integrated in the BIGH Brussels Aquaponic Farm, contribute to the
farm's smart sustainability?

“Technology” refers to methods, systems, and devices which are the result of scientific knowledge being
used for practical purposes, therefore the general and technological structure of the farm is being
investigated (Collins & COBUILD, 2018: 1547).

SQ2: In which way do sustainable practices of the BIGH Brussels Aquaponic Farm contribute to solving
environmental and sustainability challenges?
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“Sustainable practices” incorporate customs and habits of the farm that are being maintained at a steady
level without exhausting natural resources or causing severe ecological damage, here, it refers to the
actions of the farm that aim to contribute to the preservation of biodiversity, natural resources, and all
other factors affecting the environment (Collins & COBUILD, 2018: 1521).

SQ3: To what extent are local people integrated at the BIGH Brussels Aquaponic Farm to foster
community engagement, the quality of life, and social inclusion?

The variable “local people” refers to all individuals living within the same geographical region as the
farm (Collins & COBUILD, 2018: 890).

These sub-questions will guide the analysis of the three identified components of smart sustainable cities
projects: technology, sustainable practices, and citizen participation.

13



3. Methodology
The aim of this thesis is to investigate to which extent characteristics of urban agriculture initiatives
contribute to the idea of smart sustainable cities. To do so, a single case study of the BIGH Brussels
Aquaponic Farm was conducted. The characteristics of the BIGH Brussels Aquaponic Farm serves as the
study’s dependent variable. The three dependent variables, technology, sustainable practices, and local
people, combine the characteristics of smart sustainable cities as previously explained in the theory
section.

Research Design
For the sake of this thesis, qualitative descriptive research has been carried out. Qualitative descriptive
research aims to describe a phenomenon and its characteristics (Nassaji, 2015; Holly, 2013). It aims to
identify different attributes such as characteristics, categories, trends, frequencies, and correlation
(Bachelor Print, 2023). This type of research integrates a variety of research methods to investigate one or
more variables. Unlike for other research designs, the researcher does not control or manipulate the
variables, instead observes and measures them (McCombes, 2022).

Within the qualitative descriptive research design, a single case study was conducted. The research design
of a case study entails a comprehensive examination of a single instance or event that is situated within a
wider context or phenomenon in real life. The primary focus of case studies lies on depicting, examining,
and clarifying the dynamics and complexities of a particular case (George & Bennett, 2005). Researchers
aim to gain a deep understanding of the studied phenomenon which leads to the production of new
knowledge and theories which could then be applied to a broader concept (Yin, 2018). By conducting
case studies, a thorough understanding of processes, context, and variables can be gained. With this
methodology, complex and intricate data gained through fieldwork observations or interviews for
example, can be collected (Given, 2008; McCombes, 2023). Single case studies specifically focus on a
single instance or event (Yin, 2018). Conducting a case study enables me to develop a thorough
understanding of the context, processes, and factors that affect the implementation of farming projects in
urban areas. Furthermore, conducting a single case study enables me to analyze this phenomenon in its
natural environment without interfering (Denzin & Lincoln, 2018).
Given that Brussels is an important European city which actively promotes sustainability and urban
agriculture initiatives, the choice of Brussels as a city and the BIGH Brussels Aquaponic Farm as a single
case study is appropriate (European Environment Agency, 2020). Not only is the city of Brussels home to
several EU institutions such as the European Parliament, the European Council, the Council of the
European Union, and the European Commission, it also accommodates the headquarters of the NATO and
an UN office (be.brussels, n.d.). By the year of 2030, the city of Brussels plans to source 30% of its food
locally (Brown, 2021).

The BIGH Brussels Aquaponic Farm is a well-established and innovative urban farm that opened in May
2018. This farm uses an aquaponic system to grow food plants and fish (BIGH, 2022). On their website
they state: “Through our project, we want people to have access to sustainable products and to connect
with local producers in cities. We want to rethink current food production by bringing together
technology, sustainable practices and citizens to create a unique system that works for consumers,
producers and the environment.” (ibid.: para. 2 - our values and mission). By specifically mentioning the
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three aspects of smart sustainable cities, this farm showed great potential for a single case study of smart
and sustainable urban agriculture projects.

Method of data collection
To collect the data for this single case study, both, primary and secondary sources were used, the former
being fieldwork observation, the farm’s website and social media, and an interview, the latter consisting
of scientific articles and research.

Fieldwork observation research aims to observe, interact, and understand a phenomenon in its natural
setting. Practical activity, judgment, interpretation, and description guides fieldwork. This type of
observational research involves collecting impressions with all senses (Given, 2008). I conducted
fieldwork observation research on May 31st of 2023 at the BIGH Brussels Aquaponic Farm Open Air
event. This event is one of a number of open air events, held six times this year every Wednesday from
the beginning of May until the end of June (BIGH, 2022). Before going into the field research, I informed
myself extensively about the farm, its characteristics and the event. I acted as a participant observer, but
also as a passive observer and conducted covert observation. The fieldwork observations were recorded
through fieldnotes. Fieldnotes record in-depth descriptive details of people, places, things, and events and
are a type of personal journal written in one’s own words. This makes them unique to the researcher and
spontaneous (Given, 2008). Given (2008) divides them into two categories, observations and
speculative-personal reflections, and underlines the importance of the instant and detailed writing down of
those observations. My fieldnotes were written down during the fieldwork observation and immediately
after the event.

The website and social media channels of the BIGH Brussels Aquaponic Farm were investigated. By
doing so, I was able to gain valuable insight of the farm’s activities, characteristics, but also its
self-presentation and the public response to that. The social media channels that were analyzed include
Instagram and TikTok. The total of 251 Instagram posts, 152 Instagram Highlights, and 4 TikTiok videos
were chronologically looked at and analyzed. The posts go back to 2015 when the farm was being built,
however only content from the years 2020 until 2023 was used, otherwise the data set would have become
too big. The BIGH farm also uploads content on Twitter, Facebook, and LinkedIn, however, these posts
equal the content that was being uploaded on Instagram and TikTok. By using photographs, videos, and
visual data, written and spoken word is being complemented while also enabling a more in-depth and
holistic understanding of the studied phenomenon (Given, 2008).

Furthermore, an interview with Steven Beckers, the founder of the BIGH Brussels Aquaponic Farm,
conducted by hub.brussels and published on their website on the 22nd of September 2021, was being used
as data. Interviews entail gathering information from individuals with specialized knowledge and
experience in the research topic (Given, 2008). However, it is not known when and in what setting the
interview was conducted, how it was structured, what techniques were being used, or what role the
interviewer took. The interview is not in a transcribed form, without pauses or natural sounds like
humming and non-verbal language.

Lastly, the previously mentioned methods of data collection were accompanied by scientific literature,
articles, and policy reports.
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Method of data analysis
To analyze the data, a thematic approach was chosen. Thematic analysis segments, categorizes,
summarizes and reconstructs qualitative data. It is mainly a descriptive strategy and its product is the
description of a phenomenon and its overarching design. A thematic analysis produces nuanced causal
explanations of events and phenomena, however it cannot produce causal knowledge (Fryer, 2022). This
involves a coding strategy where the data is being segmented, categorized, and reduced (Given, 2008).
The author writes: “The product of a thematic analysis, like any qualitative analysis, includes both the
important concepts and processes identified in the study and the overarching patterns of experience by
which those concepts and processes are manifested. [...] Although thematic analysis remains descriptive
and is not designed to uncover an essential structure or develop a grounded theory, nevertheless,
investigators are challenged to present findings that are both meaningful and useful.” (ibid.: 868).

To organize and categorize the data in a thematic analysis according to particular themes and concepts,
coding tables are a useful tool (Given, 200). The coding of the three dependent variables happened in
three rounds: the first and preliminary one before an extensive literature review has been carried out as an
overview of the already known themes, the second one after the in-depth review of the theoretical
frameworks of smart sustainable cities and urban agriculture, and the third one after collecting and
analyzing the data based on the three variables technology, sustainable practices, and local people. This
process involved reading and re-reading the data and scientific literature and adapting the coding tables
accordingly. The coding tables include categories with their definition and subcategories. All of the
coding categories and their criteria are based on the characteristics of the fundamental theories and
definitions, the combination of the smart city wheel and the SDGs in my own figure, and the different
data sources. Naming specific references for the coding categories and criterias is simply not possible
since they are a combination of the literature and theory review, the creation of my own model and the
collected data. The three final coding tables can be found in the appendix. Using the coding tables for the
analysis, a comprehensive understanding of to which extent the characteristics of the BIGH Brussels
Aquaponic Farm contribute to the concept of the smart sustainable city, and the role of technology,
sustainable practices, and citizen participation can be provided.

Reliability and Validity
When carrying out case study research, two important aspects must be considered: reliability and validity
(Klok, 2023).

“Reliability [...] is broadly described as the dependability, consistency, and/or repeatability of a project’s
data collection, interpretation, and/or analysis” (Given, 2008: 753). To ensure reliability, multiple sources
of data, such as fieldwork observation, social media, literature review, and an expert interview were used.
Furthermore, multiple rounds of coding were carried out (Given, 2008; Klok, 2023).

“[V]alidity refers broadly to the “goodness” or “soundness” of a study [and is] broadly described as being
dependent on the degree to which a study actually measures what it purports to measure - whether “the
truth” is accurately identified and described” (Given, 2008: 909). To ensure internal validity two things
will be considered: using an adequate design for answering the research question with its sub-questions as
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it is done using the thematic analysis approach (ibid.; Klok, 2023). To ensure content or construct validity,
a construction of the exact procedures to be used for data collection was documented (ibid.).

Ethical Considerations
There are several ethical considerations that must be taken into account when conducting research,
particularly when involving human subjects (Monday, 2020). To tackle these considerations, the
following steps will be taken:

1. Privacy and Confidentiality: Access to the data will only be allowed to the researcher and no
personally identifiable information where noted down during the fieldwork observation. All data
and information is safely stored on computers with password protection, used only for this study,
and then deleted afterwards. The data set will also be uploaded to the University of Twente and is
being stored for at least five years in case a revision of the data is necessary.

2. Avoiding harm: Care was taken to protect participants from harm or potential harm by mostly
observing passively. When talking to participants, the questions were crafted before to avoid
discomfort or distress. If any participant had expressed any signs of discomfort, I would have
ended the conversation immediately.

3. Ethical approval: I seeked ethical approval from the BMS research ethics committee to ensure
that this study meets the ethical standards (number of ethical approval: 230353).

4. Informed consent: Since it is not known when and in what setting the interview was conducted,
how it was structured, what techniques were being used, or what role the interviewer took and the
interview was not transcribed, I do not know if informed consent was given by the interviewee,
however, this has to be assumed since the interview was publicly available.

5. The power of pictures: Since photographs portray only a limited and desired picture and are
presented within a specific frame, videos were taken into the data set as well and fieldwork
observation has been conducted for my own impression of the urban farm.
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4. Analysis
The following part is the centerpiece of this thesis. To evaluate smart sustainable projects such as urban
farms, the three variables of “technology”, “sustainable practices”, and “local people” need to be
investigated. Each dependent variable will be analyzed separately in relation to the independent variable,
the characteristics of the farm.

SQ1: In which way does technology, integrated in the BIGH Brussels Aquaponic Farm, contribute to
the farm's smart sustainability?
As it is already indicated in its name, the BIGH Brussels Aquaponic Farm makes use of aquaponics.
Aquaponics combines fish farming, called aquaculture, while growing plants without soil, known as
hydroponics (Goddek et al., 2019; hub.brussels & Beckers, 2021). The 4,000m2 production surface of the
farm is divided into three main parts: the fish farm, two greenhouses, and the outdoor gardens (Beckers,
2019; fieldnotes, 31.05.23; Instagram, 2020q).

Proksch et al. (2019) assigned the Abattoir Farm to the type of rooftop greenhouses. Here, a greenhouse is
built on top of a host building as part of new construction. Because the additional weight of water can
cause existing structures to be loaded beyond their capacity, the fish tanks are located underneath the crop
growing space since they need less natural light (Proksch et al., 2019; fieldnotes, 31.05.23).

In aquaponics, the combination of aquaculture and hydroponics aims to reuse resources as often as
possible (hub.brussels & Beckers, 2021). The fundamental idea is connecting these two closed circuits, an
aquaculture circuit for the cultivation of fish and a hydroponic circuit for plant farming (ECF, n.d.;
Instagram, 2021ak & 2021ar). The connected circuits combine the cultivation of plants and fish while
reusing water and nutrients through biological filtration and recirculation (Diver, 2006; hub.brussels &
Beckers, 2021). Individual pH levels for fish and plants can now be set in the water through the two water
circuits. When adding further plant nutrients to the plant circuit, the fish circuit cannot be endangered.
The fish tank water is used twice and functions as a fertilizer by carrying the fish waste (ECF, n.d.;
Instagram, 2020ax). The CO2 emitted by the fish tanks can be pumped to the plant circuit where the plants
use it as supplementary fertilizer by neutralizing it (ECF, n.d.; hub.brussels & Beckers, 2021; Instagram,
2020am). This leads to a biological system that produces waste which will then function as nutrients for
the second biological system (Diver, 2006).

The 14 fish tanks are installed in a recirculating aquaculture system (Rodrigues Do Amaral, 2020;
Instagram, 2021ac). This indoor tank-based system allows the high-density and environmentally-
controlled cultivation of fish (Zhang et al., 2011). It reuses the water by relying on various water
treatment methods to preserve the highest quality of water for the fish (Summerfelt, 1996). The BIGH
farm uses round tanks where the water can move in a circular motion. This creates a hydraulic pattern
which leads to the tank cleaning itself (BIGH, 2022; Beckers, 2019). Due to the steady moving of the
water, oxygen spreads evenly throughout the tank making the control and regulation of the oxygen level
easier (Rodrigues Do Amaral, 2020). A cluster of water treatment phases is implemented to achieve ideal
conditions for the fish while also ensuring adequate water quality. First, mechanical filtration happens,
where the CO2 is being removed. Then, biological filtration happens where nitrogen and ammonia is
being stripped to avoid them turning toxic (Rodrigues Do Amaral, 2020). Heating and cooling systems,
pipes and a pump circuit are also installed helping this filtration process. Next, the water runs through a
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disinfection system made from UV lights that destroy DNA in biological organisms, gets treated with a
protein skimmer, a degasser, and finally oxygen is added by an oxygenator (Rodrigues Do Amaral, 2020).

The fish farm is located next to the outdoor gardens close to the tomato fields as the water from the fish
farm is among other fields used for the tomato garden as source of water and fertilizer (fieldnotes,
31.05.23). The fish farm is equipped with a monitoring panel for checking the water levels of values such
as pH, CO2, or O2 (Instagram, 2021ar). Then, two rows of seven tanks each, 1.65 meters high and a water
depth of 1.25 meters (Rodrigues Do Amaral, 2020), and their water canals, two drum filters as well as a
food station and a “Moving Bed Biofilm Reactor” can be found in this hall. A freezing room, a food
storage for the fish, and the processing room are located next to the hall. A lab for daily analyses is
located in a different part of the building (fieldnotes, 31.05.23).

The greenhouses, combined with the fish farm, occupies up to 2,000 square meters of the cultivation
space (Beckers, 2019; Rodrigues Do Amaral, 2020). The external structure is made out of a metal frame
with corrugated polycarbonate panels that open and close to enable ventilation (TikTok, 2020d). The
ventilation system functions hand-operated but also automatic to control the temperature. The automatic
system is controlled by a software that pursues a specific protocol which modifies to various external
conditions (Sanjuan-Delmas et al., 2018). Its roof is made out of glass to capture the sunlight (fieldnotes,
31.05.23; TikTok, 2020d). On the inside, polyethylene film curtains are being used for thermal protection
(Sanjuan-Delmas et al., 2018). Additionally, the greenhouses have a rainwater harvesting system which
collects the rainwater on the roof of the building and a system that collects the condensation water inside
the building. This water then gets filtered through sand before being stored in a reserve tank, however, the
condensation water goes directly into the tank since it has already been filtered (Beckers, 2019). The
inside of the greenhouses consist of huge vertical beds and irrigation systems mounted on the ceiling
(Instagram, 2020ak). There are various types, sizes, and shapes of beds, fitting to the different types of
plants that are cultivated (Instagram, 2021h). Connecting them, water pipes run through them (TikTok,
2020a). Underneath, containers are installed to collect plant waste like falling leaves but also ripe plants
that fall off before the harvest (Instagram, 2021i). In between those beds, large tracks with rolling seats
are built in which makes the harvesting and plant care easier (Instagram, 2020y). On those tracks, cherry
pickers drive as well to reach the upper beds (TikTok, 2020b & 2020c). Around them, packing stations
and tables with all kinds of gardening equipment, plant pots, and packaging material can be found
(TikTok, 2020b). Next to the large hall, refrigerated and cooled storage rooms stock the products before
getting transported to customers (fieldnotes, 31.05.23). Supporting the greenhouses and supplementing
the natural sunlight, violet LED lightening straps are installed as well (Beckers, 2019; Instagram, 2022b).

The outdoor garden makes up the other 2,000 square meters of the farm. It consists of large fields used for
plant cultivation (Instagram, 2020an). Through them run watering systems and canvas covers lie over
some of the fields to protect the plants (Instagram, 2022ak; TikTok, 2020d). Two bee colonies pollinate
the plants in the outside garden (Instagram, 2022v & 2022y). Next to the outdoor gardens, a large field of
solar panels, consisting of 10,000 solar panels is installed (TikTok, 2020a & 2020d). In the middle lies a
rooftop terrasse (BIGH, 2022; fieldnotes, 31.05.23).
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Overall, control technology and smart measurements are being used to monitor and regulate the whole
farm (ECF, n.d.). By bringing all of the three parts of the farm together, the BIGH’s aquaponic farming
model comes to life which can also be seen in figure four.

Figure 4: The BIGH aquaponic farming model

Source: Beckers, 2019

At the Abattoir Farm, water, energy, and air flows are connected between the farm and the host building.
This is called “building-integrated agriculture” (Proksch et al. 2019). This installation aims to mimic a
natural ecosystem in an artificial environment.

SQ2: In which way do sustainable practices of the BIGH Brussels Aquaponic Farm contribute to
solving environmental and sustainability challenges?
The farm is built on the roof of the Foodmet hall of the Abattoir site in Anderlecht (fieldnotes, 31.05.23;
hub.brussels & Beckers, 2021). This building served as a slaughterhouse and market hall, now
accompanying different vendors. In 2015, a common refrigerating system for the fish and meat of the
vendors was installed. The farm has installed a heat pump which recovers waste heat from the Foodmet’s
refrigeration system (Instagram, 2021ar). The water in the fish tanks is cooled to 17 degrees celcius and
the greenhouses are heated using the fostered energy (BIGH, 2022). Nevertheless, the farm mostly gets its
energy supply from the 10,000 solar panels installed which allows the farm to source mainly green energy
(BIGH, 2022.; fieldnotes, 31.05.23). Green energy is a subset of renewable energy and is considered to
provide the greatest environmental benefits such as reducing GHG emissions like carbon dioxide.
Improved energy access, air quality, and energy security are its major benefits while avoiding climate
change (Gielen et al., 2019). Since solar panels take up much space, installing them on a roof makes
efficient use of urban structures and spaces (fieldnotes, 31.05.23).
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As analyzed before, the farm collects the rainwater and condensation water with gutters and stores it to
water the plants and the fish tanks. Additionally, the recirculating aquaculture system allows to reuse five
percent to fifteen percent of the fish tank water after being filtered. (BIGH, 2022, Instagram, 2021ar).
However, they have two additional sources for water. One of them being the tomato drainage water that
remains when the tomato plants do not absorb all of the water. This water is then filtered and reused for
the greenhouses (BIGH, 2022). Furthermore, the farm draws water from their own 60 meter deep well to
supply the fish farm with new quality water (BIGH, 2022). These practices allow for sustainable water
sourcing while the farm does not use the city's water. Instead, this self supply allows them to act
independently and use 90 percent less water than other farms (BIGH, 2023). With the farm's
“cradle-to-cradle” eco-design model supporting circular systems, the farm aims to reuse its waste and
transform it into raw material while operating with limited energy input and maximum reusage (BIGH,
2022).

Not only contributes the farm’s location to the energy supply, but also integrates itbwith existing city
structures. The farm saved the costs of building a completely new construction while making efficient use
of urban space. Though the costs for the rooftop construction were very high up-front, approximately
300–500 US Dollars per square meter, however in the long run, the farm saved many costs (Proksch et al.,
2019). “Connecting a greenhouse to an existing building is one strategy for urban farmers looking to
revitalize underused space and find a central location in the city” (Proksch et al., 2019: 534). The farm is
partly made out of recycled materials. The buildings have floors made out of recycled panels, offices
made of former shipping containers, and walls with plant fibers (BIGH, 2022).

Before cultivating salmon trout, the farm bred striped bass (Beckers, 2019). However, salmon trout turned
out to be even more efficient because of their compatibility with the farm’s recirculating aquaponic
system and their sturdy adaptability to the water’s temperature due to the heat pump (BIGH, 2022;
Instagram, 2021ac). By cultivating salmon trout, the farm contributes to its biodiversity as 50 percent of
the world’s salmon population has already disappeared due to overfishing, climate change, habitat loss,
and the spread of diseases (Instagram, 2022az). The feed for the fish is made out of European crops and
organic feed that comes from fishing by-products (BIGH, 2022 & 2023; Instagram, 2021ar & 2022az).
From red and yellow cherry tomatoes, spicy peppers such as yellow habanero, madame jeanette, and naga
jolokia, white and graffiti eggplants, a number of seasonal vegetables are being cultivated at the farm
(BIGH, 2023; Instagram, 2021q, 2021r, 2021al & 2021ao). Next to breeding fish and vegetables, the farm
also grows various herbs that are available all year such as curly parsley, thyme, sage, basil, chives,
coriander, flat leaf parsley, and basil pistou (Instagram, 2021ch & 2021cn). Seasonal herbs include dill,
shiso, oregano, thai basil, and purple basil (Instagram, 2020bc). During the summer, raspberries,
blueberries, blackberries, strawberries, red currant, and edible flowers are being sold (BIGH, 2023.;
Instagram, 2022ai, 2022am & 2022bb). The selection of products changes every year (Instagram, 2020aj;
Instagram Highlights, 17.08.21; 08.09.21, 20.09.21& 27.05.22). A total of 12,000 kilos of fruits and
vegetables, 180,000 pots of herbs, and 20,000 kilos of salmon trout are produced annually (BIGH, 2022).
In 2022, the farm produced 6090 kg of tomatoes, 169 kg of spicy peppers, 2054 kg of aubergines, and 204
kg of strawberries (Instagram, 2022bb). By offering access to fresh and local products, the farm
contributes to the city’s food security (Instagram, 2021ar). The plants and fish are cultivated without any
chemical fertilizers and pesticides which prevents chemical runoff and pollution (BIGH, 2022;
hub.brussels & Beckers, 2021). Most products are sold in bulks, herbs are sold in pots and the majority of
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the packaging is made from recycled materials, paper, and cardboard and is free from plastic (BIGH,
2022; TikTok, 2020a & 2020b; Instagram, 2020ax & 2021am) Local products such as tomato spread,
eggplant baba ganoush, basil beer, basil tapenade, or different variations of the trout are available in their
own shop at the farm (Instagram, 2020c, 2020g, 2020m, 2021au, 2022au & 2022aq). Unsold products are
donated to local NGOs (Instagram, 2020d) and surplus plants used to create new products, such as basil
pesto, tomato chutney, or salsa (Instagram, 2020bh, 2020bj & 2021e).

The products are sold to local restaurants and supermarkets within a 30 kilometer radius (Instagram,
2021bp). The short production and distribution chain aims to reduce CO2 emissions and support local
businesses and people (BIGH, 2023; Instagram, 2021ar). The farm’s herbs are available in over 50 local
stores, some of them being supermarket chains like “Cora”, “Biostory”, “Färm”, and “Carrefour”
(Instagram, 2021de, 29021dh & 2023b). The trout is currently sold in over 30 local stores and
supermarket chains and at the “Fernand Obb” delicacy store in Brussels (Instagram, 2022ay & 2023a).
Additionally to delivering to local supermarkets, the farm cooperates with different local restaurants and
wineries including, “Titulus”, “Brut”, “Quent On A Faim”, “Belgobon”, and “Entre Nous” (Instagram,
2020ah, 2021cv, 2022n, 2023g & 2023k; fieldnotes, 31.05.23). Through these partnerships, this year's
open air events at the BIGH farm include local food stands (Instagram, 2023j). Other businesses make use
of the products through embedding them in their products such as the hot sauces of the company “Swet”
which uses the farm’s spicy peppers (Instagram, 2023e). The founder, Steven Beckers, underlines that this
farm belongs to the type of farms that focus on the food production and sale, aiming to make profit. This
farm has become profitable in 2020 according to Beckers. Its economic viability is dependent on the
sales, the cooperation with other businesses and supermarkets (Beckers, 2019).

These sustainable practices align with different policies, regulations, and goals set by local, national, and
international governments. On the regional level there are many policies and goals. The two most
important ones are the “Regional Plan for Sustainable Development” (PRDD) and the “Good Food
Strategy”. The former describes the goal of using the territory for the development of a pleasant,
sustainable, and attractive living environment while also using it for the development of the urban
economy. Therefore provisions for the promotion of sustainable urban agriculture are being paid to
support local businesses and initiatives such as the BIGH farm (be.brussels, 2018). The Good Food
Strategy aims to establish a new food culture and promote innovation by expanding the local product
supply and increasing public awareness (Instagram, 2020ba). Five principles have been formulated:
inclusion, exemplary of local authorities, partnerships, changes in behavior, and independence. The
implementation of these actions are among other stakeholders based on local projects and initiatives as
written in the Good Food Strategy (Fremault, 2015). On the national level, the new Common Agricultural
Policy of Belgium started in 2023. This policy aims to distribute funding more fairly, especially under
small and medium-sized urban farming projects by having a budget of over 2.8 billion euros given by the
EU (European Commission, 2022). On the international level, the SDGs by the UN, the EU’s Green Deal
and Biodiversity Strategy are only a few of the policies that the farms sustainable practices align with
(European Commission, 2023; hub.brussels & Beckers, 2021).
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SQ3: To what extent are local people integrated at the BIGH Brussels Aquaponic Farm to foster
community engagement, the quality of life, and social inclusion?
To ensure the quality of the products, visitors and employees wear protective suits when entering the fish
farm (Instagram Highlights, 28.02.22; TikTok, 2020b). The fish is bred without any antibiotics
(Instagram, 2022ay) and the plants are cultivated without chemicals (BIGH, 2022). The feed for the
salmon trout is made out of European crops which are certified sustainable and GMO-free (BIGH, 2022;
Instagram, 2021ar). The water parameters of the fish tanks are constantly monitored to assure that the fish
are being bred in high-quality water and do not get infected with diseases (Beckers, 2019; Instagram,
2021ar). The National Agency for Hygiene and Food Safety has established standards that have to apply
for urban farms in Brussels. The BIGH farm’s currents meet these standards (BIGH, 2022). All of these
measures contribute to the health of local people by ensuring the quality of the products so that they can
have access to fresh and healthy food that is rich in nutrients (Instagram, 2020al).

The plants produce oxygen through photosynthesis which reduces carbon emissions and improves the
quality of air in the neighborhood. Good quality air is not only vital for the citizen’s physical health, but
also their mental health and happiness.

Another aspect where the farm contributes to the locals mental health and happiness are the community
events held at the farm. Since the farm is located right in the city, with multiple bus stops, metro stations,
and highways nearby, locals can easily visit the farm (fieldnotes, 31.05.23). The farm’s events range from
public ones to private ones. In the past, they have organized among other events Christmas activities in
2020 or collaborated with the “Brussels Beer Project” by hosting an event on their rooftop in 2021
(Instagram Highlights, 24.12.20; Instagram 2021bb). Additionally, they have hosted concerts such as of
Ignacio Maria Gomez in 2021 or a techno music event collaborating with “Set de Table” and “Savage
Restaurant” bringing local people, local food, and local music together (Instagram Highlights, 19.09.21;
Instagram, 2020bu 2021bu, 2021bv& 2021bc). With the local food company “Nuu miso”, the farm
organized a cocktail event while bringing Japanese and Belgian culture together (Instagram Highlights,
11.05.22 & 01. 06.22). One of the most recent community events were the “BIGH Open Air” events.
They consisted of six open air events that were held weekly on Wednesdays on the rooftop terrace of the
farm from May until the end of June (Instagram, 2023j). From 5pm until 10pm people were able to sit on
the rooftop terrace, enjoy local food and drinks, and listen to local music artists (fieldnotes, 31.05.23).
The several possibilities to park cars and bikes, the free entry, and the signs showing where to go made
the reception of the event pleasant and efficient (ibid.). The rooftop was equipped with several different
seating options, from beer benches and deck chairs to regular chairs and a large bean bag. Beer tables,
regular tables, and wooden pallets were used as tables. Several sunshades and a pavilion offered shade
(fieldnotes, 31.05.23). For each event, the BIGH farm collaborated with local restaurants and offered
freshly made food (Instagram, 2023k; Instagram Highlights 24.05.23 & 05.06.23). Vegetables, fruits,
herbs, and trout from the farm were processed by the local companies at the food stands. From pizza and
salads to salmon dishes and Thai food, different foods from around the world were offered bringing
various food cultures together (fieldnotes, 31.05.23; Instagram Highlights, 05.06.23). The farm partnered
up with local beverage companies like “Somersby”, “Fritz Cola”, “Atelier Cuarenta”, “Rish”, and
“Belgoo” to offer all kinds of drinks such as cider, soft drinks, lemonades, iced tea, and beer (fieldnotes,
31.05.23; Instagram Highlights, 05.06.23). The prices for the meals and beverages laid within the local
prices for meals. The smoked salmon sausage for example costs 12 euros, while a Belgoo beer was sold
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for 3,50€ (fieldnotes, 31.05.23). On the 31st of May 2023 a local musician named “DJ Nathan Ocean”
played the whole event melodic house techno making the people dance. A total of approximately 55
people participated on that day. Visitors appeared happy and said that they would come back for the next
event. Some visitors stated that they were living in the Anderlecht neighborhood and already had been
there the week before (fieldnotes, 31.05.23). They said that they became aware of the event either from
friends or through social media. The majority of participants were estimated to be between twenty and
forty years old (fieldnotes, 31.05.23). This event has brought together different people from different ages
and backgrounds. Some stated that they came straight from their work with the event being a nice
compensation for the rather busy day, others were local university students seeking to have a place to
meet with friends. These different groups of people fastly blended together and it could be observed that
new connections were made (fieldnotes, 31.05.23). Overall, the “BIGH Open Air” event contributed to
the community building of the neighborhood, while offering fresh and local food and beverages through
local collaborations. On social media, the farm also posts recipes from all over the world to promote
different food cultures and offer community events for Belgian cultural holidays such as carnival or easter
(Instagram, 2021az, 2022e, 2022p,f 2022r & 2022ac).

However, community events are not the only events the farm hosts. They also organize local and
international educational events. For example, the farm has organized multi-day visits of children from
kindergarten and different schools where they learned about local plants and aquaponic gardening or
hosted workshops for children where they built insect hotels and taught them about the preservation of
nature and biodiversity (Instagram Highlights, 06.04.21, 07.04.21, 08.04.21, 27.04.21& 26.04.22;
Instagram, 2021c, 2021ai & 2022t). Besides local educational events, the farm has hosted five training
events with Ghanaian students on water recirculation techniques that can be implemented in their home
country as water scarcity is a challenge that is globally faced (hub.brussels & Beckers, 2021). This
training was accompanied by local aquaculture consultants and experts who taught at the event
(Instagram, 2023d).

Besides community and educational events, the farm hosts monthly visits for individuals in English,
Dutch, and French that currently cost ten euros per person (BIGH, 2022; Instagram, 2020j, 2021af,
2021cr & 2022k). Businesses and Enterprises can book visits and events as well. These events range from
educational visits and interactive team-building activities to various events and meetings (BIGH, 2022;
Instagram, 2022h). An example of such events was held for a company called “Greenfish” in 2022. Here,
a business event was paired with team building activities and food stands making snacks out of the farm's
produce. The event was held inside the farm and outside with music and a dance floor in the evening
(Instagram Highlights, 18.03.22). These events provide the chance for networking with companies that
share the same goals and visions to promote sustainability in Brussels. The “Cork Rooftop Farm” sent one
of their employees in 2021 for an educational exchange of urban agricultural expertise. There, not only
the visiting company but also the farm itself profited from this exchange gaining valuable knowledge and
exchanging new ideas (Instagram Highlights, 03.08.21; hub.brussels & Beckers, 2021).

For all visits and events, individuals, schools, NGOs, and businesses can book visits on the farm’s website
and via e-mail (BIGH, 2022). Generally, the farm provides a great set of information about various
aspects of the farm on their website and social media channels (Instagram, 2021dk, 2021dl & 2021dm).
People can access them from wherever and whenever. This is especially helpful for getting access to
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information about the farm, upcoming events, and products and where they are sold. Nevertheless, the
farm can also be contacted via email, through a contact form on their website, and by telephone, giving
everyone a chance to access information regardless of their age, location, or technical knowledge (BIGH,
2022). Especially on Instagram, but also on their other social media channels, the farm reacts to
comments made by other users in the comment section and reposts content uploaded by local people,
businesses, and restaurants (Instagram, 2022o & 2023j). At the entry of the farm, there is a box where
visitors can submit anonymously feedback (fieldnotes, 31.05.23). These gestures create a feeling of
connection, community, and involvement and makes the user be heard (fieldnotes, 31.05.23). The farm
uses its website and social media channels not only to promote their products and invite to events but also
to contribute to the awareness and education of societal challenges such as food scarcity, environmental
challenges, and the need for nature-based solutions (Instagram, 2020f, 2020ao, 2022az & 2021ap).
Although local people can participate in various events at the farm, they do not have the possibility to
help and garden themselves or use this farm as a green and calm place to go to on a daily basis to
decelerate (fieldnotes, 31.05.23).

The farm currently employs twelve full time employees and several interns (BIGH, 2022; Instagram,
2020o). By producing most of the products by hand, the farm provides more jobs for locals which are
promoted on their website and social media channels (TikTok, 2020a & 2020c, Instagram, 2020ab, 2021p,
2021aj & 2021av). The employee’s educational background varies and their expertise ranges from
technical training to agricultural knowledge and economic education (BIGH, 2022; Instagram, 2020bb,
2020bg, 2021a, 2021g, 2021m & 2021at). Since Belgium has three official languages, the staff come from
different linguistic backgrounds. Additionally, half of the current staff is female (BIGH, 2023; Instagram,
2021s). All these aspects contribute to social and gender equity, diversity and inclusion. As it is presented
on social media, the employee’s happiness at work is an important part of the farm’s professional
morality. This can be seen through posts where the staff is making salmon sushi during lunch breaks,
pizza nights or on their private social media where they passionately share impressions of their work
(Instagram Highlights, 30.03.22; Instagram, 2021bg).

The farm and its environment
Bringing together all the characteristics that were analyzed and presented before, a network of positive
interactions of the farm is created which contributes to a smart and sustainable environment outside the
farm. A summary of these positive interactions between the farm and its environment can be seen in
figure five. Through integrating the farm on top of the Anderlecht site, it gives this historical site a new
and sustainable life. The farm also offers the building insulation and thermal protection, which replaces
rental income with the cost of maintaining the roof (hub.brussels & Beckers, 2021). By enhancing the
building’s reputation and decreasing its environmental impact, the farm raises the building's real estate
value. The city profits through the absorption of heat through the greenhouses and the plant’s humidity
which reduces heat islands in the city and keeps its temperature below 26 degrees celsius (Beckers, 2019).
These beneficial interactions help transforming the Anderlecht neighborhood and the city of Brussels to a
smart and sustainable environment.
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Figure 5: the positive interactions between the BIGH Brussels Aquaponic farm and its environment

Source: Beckers, 2019
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5. Conclusion
This thesis aimed to answer the research question of to which extent the characteristics of the BIGH
Brussels Aquaponic Farm contribute to the concept of the smart sustainable city where technology,
sustainable practices, and local people come together. To do so, a single case study of the farm was
conducted. The smart city theory, the sustainable city theory, and the social sustainability theory were
combined to explain the concept of smart sustainable cities. These theories introduced three dependent
variables that laid the foundation for the analysis. The three emerging dependent variables “technology”,
“sustainable practices”, and “local people” were measured through the independent variable, the
characteristics of the BIGH farm. The data consisted of fieldwork observation, the farm’s website and
social media, and an interview with the founder of the farm Steven Beckers that was conducted through
hub.brussels. These were accompanied by scientific articles and research. Coding tables were produced in
three rounds of coding to categorize and organize the data for the thematic analysis.

The BIGH rooftop farm uses an aquaponics system which combines aquaculture and hydroponics.
Through recirculation and filtration, this system enables the reuse of the water and its nutrients. The fish
farm utilizes circular fish tanks in a recirculating aquaculture system which allows to cultivate a large
number of fish in a limited indoor space while the circular water motion creates a self-cleaning
mechanism and distributes oxygen evenly. To maintain good water quality, various water treatment
techniques such as biological and mechanical filtration, disinfection processes, and oxygenation are used.
The greenhouses use ventilation systems that are controlled automatically through software and manually,
a rainwater harvesting system, and condensation water collection systems. Supplementing the natural
sunlight, LED lights are also installed. The outdoor rooftop garden consists of fields for plant cultivation,
two bee colonies for pollination, and solar panels for generating electrical energy. Through smart control
technology, the farm measures parameters such as pH-levels, CO2-levels, temperature, and O2-levels for
optimal water and cultivation conditions. The whole farm uses a “building-integrated agriculture” model
where energy, water, and air flows are connected between the farm and its host building to mimic a
natural ecosystem in an artificial environment.

The farm relies on a number of sustainable practices. Solar panels and a heat pump, which recovers the
surplus heat from the refrigeration system of the host building, are the energy sources of the farm which
promotes green energy production and reduces GHG-emissions. Next to collecting rain and condensation
water, the farm also draws water from its own well and drainage water from the plants. The circular
“cradle-to-cradle” design of the farm aims to maximize reuse while minimizing energy input. Waste is
being transformed to raw materials and recycled materials and components make the structure of the farm
more sustainable. The cultivation of salmon trout supports the biodiversity preservation and their feed is
made out of European crops and organic feed from fishing by-products. To contribute to Brussel’s food
security, the farm grows a variety of fruits, vegetables, herbs, and fish without chemical fertilizers and
pesticides preventing chemical run-off and pollution. Through the short production and distribution chain,
the products are delivered to local stores, supermarkets, restaurants, and companies to reduce CO2

emissions and support local businesses. Its profitability is secured through various local collaborations,
partnerships, and sales. The farm aligns overall with different regional, national, and international policies
including the “Good Food Strategy” of Brussels, the “Common Agricultural Policy of Belgium”, and the
UN’s “SDGs” and the EU’s “Green Deal”.
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The quality of the products is ensured by abstaining from using chemicals and antibiotics on the fish and
plants and using sustainable and GMO-free products, safety and hygiene measures for the worker and
visitors, and constant monitoring of different parameters. By providing fresh and nutritious food, the
practices of the farm contribute to the well-being and health of local people. Plants reduce carbon
emissions, improve the air quality, and produce oxygen which has positive impacts to the locals physical
and mental health. Through various public and private events, locals can engage in the farm, the
community building gets promoted, and businesses can strengthen their internal structures through
team-building activities. Next to entertaining, networking with like-minded companies, and encouraging
cultural activities, the farm fulfills an educational purpose as well by offering training, workshops, and
teaching sessions about environmental and urban challenges. Through its communication via their
website, social media channels, and directly via email and telephone, the farm strives to be accessible and
inclusive. Services in different languages, feedback mechanisms, and the diverse staff contribute to
gender and social equity. Lastly, the farm provides paid working opportunities for locals.

Through the different characteristics of this urban farm, it is considered a nature-based solution and
touches upon all three levels of NbS: within cities, around cities, and away from cities. The smartness of
this project comes through its technology, structure, processes, and sustainable practices. By integrating
the farm on top of the Anderlecht site, it gives this historical site a new and sustainable life while utilizing
the buildings waste energy, microclimate, rainwater, CO2, and orientation, natural potential of space, and
sun exposure. In exchange, the city and host building provide access to labor force, thermal protection,
stormwater, sunlight, and electricity. The farm contributes through its characteristics to both, the eco-city
and the compact city.

There are certain restrictions to this thesis that need to be considered. First and foremost, the depth of the
data collection may have been constrained by limited resources such as time, scientific research and
literature, data, and financial resources for conducting multiple rounds of fieldwork observation. Even
when trying the opposite, the whole research process is affected by individual and subjective beliefs,
interpretations, and perspectives. Another limitation is the lack of external validity since this thesis
investigated a single case study which makes it difficult to generalize findings and to compare other
agricultural farms and SSC-projects. Using fieldwork makes it even more difficult to repeat and reproduce
this study. During the fieldwork, I had to select whom I would interact with since it was not possible to
talk to every visitor which limited the fieldwork and subconsciously promoted researcher bias. Another
constraint was that I did not get any interviews with experts and employees myself which would have
given valuable insight and information that might not be known to the scientific community yet.
Furthermore, other important dependent variables may have been overlooked which could have
potentially changed the outcome of the study and limited its complexity. Additionally, standardized
procedures are lacking in the scientific community for evaluating such projects that aim at SSC which
again affects the repeatability. I tried to overcome this limitation by describing transparently and in detail
the methodology of this thesis. Finally, the constant changing of technology, sustainable practices,
politics, and social perceptions may affect the relevance of this research project over time. Lastly, it would
have been even more insightful if I would have analyzed all of the social media content, beginning in
2015, however, this would have not been possible due to the scope of this project, the limited time, and
the limited word count.
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It needs to be pointed out that the research data was mostly published by the BIGH farm. This puts the
data into a specific positive frame of Aquaponics and purposely leaves out disadvantages and critique
points. As the farm is dependent on cooperations with other businesses, investors, and consumers,
highlighting limitations to this urban farming model would not benefit the farm. However, there are
always weaknesses and critical aspects when technology is involved. And since this urban agriculture
model is rather new, there are less studies on its effects and therefore also on the possible limitations to
urban agriculture farms. For further research, long-term impacts of the BIGH Brussels Aquaponic Farm
and urban farms in general on the health, social inclusion, environment, economy, education, stakeholder,
and policy-making should be investigated. Future research should also examine the theoretical
frameworks and design assessment models for urban projects that aim at smart and sustainable urban
development. To ensure the replicability and scalability of the approach used in this thesis, assessing
success factors and challenges of other urban farms is necessary.

This research project has shown to which extent the independent variable, the different characteristics of
the BIGH Brussels Aquaponic farm, contribute to the concept of smart sustainable cities where
technology, sustainable practices, and local people come together. The farm and its characteristics change
rapidly which affects the outcome of the three independent variables. By understanding the potential of
urban farming as a nature-based solution, cities can implement innovative approaches to achieve
sustainable development while also promoting social, economic, and environmental sustainability.
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Appendix - Coding Tables

Coding table SQ1 - “Technology”

Table 1: Final coding for SQ1 - In which way does technology, integrated in the BIGH Brussels

Aquaponic Farm, contribute to the farm’s smart sustainability?

Coding Category Definition Criteria (Characteristics)

Innovation “The introduction of new ideas, methods,
or things.” (Collins & COBUILD, 2018:
791)

Rooftop greenhouse, Aquaponic
System, indoor tank-based system,
building-integrated agriculture, etc.

Structure “The way in which something is made,
built, or organized.” (Collins &
COBUILD, 2018: 1496)

Fish farm, rooftop greenhouse,
rooftop garden, etc.

Integration “The act of combining or adding parts to
make a unified whole.” (Dictionary.com,
2023c)

Potential for collaboration between
different systems

Processes “A series of actions which are carried out
in order to achieve a particular result.”
(Collins & COBUILD, 2018: 1189)

Filtration process, water collection,
adding nutrients, etc.

Monitoring “Regular checks on a development or
progress.” (Collins & COBUILD, 2018:
971)

Temperature, CO2, etc.

Location “The place where something happens or is
situated.” (Collins & COBUILD, 2018:
891)

Roof, rooftop, ceiling, inside,
outside, distance to other facilities,
etc.

Automation “A technique, method, or system of
operating or controlling a process by
highly automatic means.”
(Dictionary.com, 2023a)

Automatic system to control
temperature, etc.

Equipment “Consists of the items which are provided
and used for a particular purpose.”
(Collins & COBUILD, 2018: 510)

Cherry pickers, rolling seats on
tracks, LED lights, etc.

Circularity “The state or quality of moving or
occurring in a cycle.” (Dictionary.com,
2023b)

Fish water as plant fertilizer, etc.
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Coding table SQ2 - “Sustainable Practices”

Table 2: Final coding for SQ2 - In which way do sustainable practices of the BIGH Brussels Aquaponic

Farm contribute to solving environmental and sustainability challenges?

Coding Category Definition Criteria (Characteristics)

Integration “To become part of a group and be
accepted into it.”
(Collins & COBUILD, 2018: 799)

Integration with existing city
structures; integration with existing
building structures; integration on
the roof; Integration with existing
policies on the regional, national,
and international level; Integration
of the products at stores and
businesses

Circularity “The state or quality of moving or
occurring in a cycle.” (Dictionary.com,
2023b)

Reuse and sources of water, heating,
cooling, energy; pumping

Distribution “The distribution of something is how
much of it there is at each place or at each
time.” (Collins & COBUILD, 2018: 438)

Distribution chain

Locality “Services are controlled and provided, or
goods produced and bought, within a
local area for the benefit of people in that
area.” (Collins & COBUILD, 2018: 891)

Local distribution, local
partnerships, local products

Green Energy “The power that comes from sources that
do not harm the environment and are
always available such as wind and
sunlight.” (Collins & COBUILD, 2018:
674)

Generation, efficiency, electricity,
renewable, security

Availability “You can find or obtain something you
want or need.” (Collins & COBUILD,
2018: 91)

Accessible products

Benefits “The help that you get from something or
the advantage that something results.”
(Collins & COBUILD, 2018: 131)

Pollution, carbon emissions, GHG,
etc.

Viability “Something that is capable of doing what
it is intended to for a long period of time”
(Collins & COBUILD, 2018: 1681)

Economic viability, costs, etc.

Products “Something that is produced and sold in Plants, herbs, fish, vegetables,
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large quantities, often a result of a
manufacturing process.” (Collins &
COBUILD, 2018: 1190)

berries

Materials “A solid substance” (Collins &
COBUILD, 2018: 931)

Sustainable materials for the
packaging, in the farm’s structure,
etc.

Coding table SQ3 - “Local People”

Table 3: Final coding for SQ3 - To what extent are local people integrated at the BIGH Brussels

Aquaponic Farm to foster community engagement, the quality of life, and social inclusion?

Coding Category Definition Criteria (Characteristics)

Quality “Someone’s or something's good or
bad qualities.” (Collins & COBUILD,
2018: 1219)

Products, events, quality measures and
processes, chemicals, antibiotics, feed
of the salmon trout, national hygiene
and safety standards

Health “The condition of something and the
extent to which it is free from illness. ”
(Collins & COBUILD, 2018: 710)

Mental, physically, health of the fish,
health of the plants, quality air

Happiness “Feelings of pleasure, usually because
something nice has happened or
because someone feels satisfied with
their life.” (Collins & COBUILD,
2018: 699)

Locals, employees, visitors, fun

Events “A planned and organized occasion.”
(Collins & COBUILD, 2018: 518)

Community events, business events,
team building activities, educational
events

Culture “Culture consists of activities such as
the arts and philosophy, which are
considered to be important for the
development of civilization and of
people’s minds.” (Collins &
COBUILD, 2018: 364)

Arts, music, food, lifestyle

Community “Community is friendship between
different people or groups, and a sense
of having something in common.”
(Collins & COBUILD, 2018: 294)

Community building events, being
heard through different channels,
interactions
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Accessibility “Something is easy to use, reach,
obtain, or get into it” (Collins &
COBUILD, 2018: 8)

Access to information, events, the
farm’s location and structure; Access
to local products

Collaboration “The act of working together to
produce a piece of work.” (Collins &
COBUILD, 2018: 279)

With local and international
businesses, experts, institutions,
educational institutions

Participation “To take part in an activity.” (Collins
& COBUILD, 2018: 1093)

Different possibilities for locals and
visitors to participate in the farm’s
activities, participation in the
sustainability discourse, feedback
mechanisms

Diversity and
Inclusivity

“The diversity of something is the fact
that it contains many very different
elements.” (Collins & COBUILD,
2018: 439)
“A group or organization that allows
all kinds of people to belong to it.”
(Collins & COBUILD, 2018: 776)

Diversity of products, dishes and food
options, cultural backgrounds,
socio-economic backgrounds,
educational backgrounds, linguistic
backgrounds

Equality “The same status, rights, and
responsibilities for all the members of
a society, group, or family.” (Collins &
COBUILD, 2018: 509)

Gender equality

Work “To have a job, usually one that is paid
for.” (Collins & COBUILD, 2018:
1738)

Creation of jobs

Awareness “If you are aware of something, you
know about it.” (Collins & COBUILD,
2018: 93)

Awareness for sustainable practices,
circularity, and aquaponics

Education “Education of a particular kind
involves teaching the public about a
particular issue.” (Collins &
COBUILD, 2018: 480)

educational programs, events, and
exchange; Educational information on
the website and social media channels
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