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Abstract 

This master thesis report investigates the potential of five different innovations for value 

creation in the context of Smart Sustainable Cities by 2050, applying the research question 

“How to create value by entrepreneurially using innovations in Smart Sustainable Cities?” 

The individual part focuses on the innovation of Vertical indoor farming. Interviews, 

calculations, research, and sustainability assessments have been done. In conclusion, 

environmental sustainability without sacrificing price, quality or other advantages leads to an 

increase of value.  
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1. General Introduction 

 

“If we could build an economy that would use things rather than use them up, we could build 

a future. There is a massive economic opportunity out there to be taken without waiting for 

government legislation. When you start, you’re trying to achieve staying alive and getting 

home.”  

– Ellen MacArthur 

 

How will we live in 30 years? The answers to this question can be very diverging, but one thing 

is certain - the world will change dramatically. In the context of digitalization, Smart Cities is 

a concept that is constantly being discussed. New urban projects offer their inhabitants a vast 

amount of possibilities, of which many are still undiscovered and there is much to understand 

still. The state of affairs regarding this topic is constantly shifting and incorporating innovations 

and concepts that until very recently would have been considered futuristic but now are a 

reality.  

Added to this is the growing importance of sustainability since issues such as the climate 

change, increasing scarcity of raw materials, and lack of urban space will be decisive not only 

for the coming years but for the future generations that are yet to come. It is the responsibility 

of companies and innovators to entrepreneurially tackle problems that now urge to be solved, 

as the consequences of ignoring them can be disastrous.  

Therefore, the question which needs to be answered is: How to create value by 

entrepreneurially using innovations in Smart Sustainable Cities? 

1.1. Previous research 

“Smart city concept enjoys different aspects and a variety of definitions” (Mohseni 2021), 

meaning there is no unambiguous way to describe them in a sizable pool of research.  
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According to Anand Prakash (2019), the concept of Smart Cities was invented by an 

information technology firm, the International Business Machines (IBM) Corporation. First, 

the words “smart” and “cities” were separated, and several definitions analysed. It is then 

concluded that a Smart City is a city in which many essential business problems – such as 

“organized power supply, provision of clean water, strong civic infrastructure, sewage, and 

waste treatment plant, rainwater harvesting and solar energy through advanced connectivity” – 

are tackled. Often a Smart City is also defined as a city “that monitors and integrates conditions 

of all of its critical infrastructures, […] can better optimize its resources, plan its preventive 

maintenance activities, and monitor security aspects while maximizing services to its citizens” 

(Hall, 2008).  

Research about Smart Cities has suggested various components and features that also range 

between many different areas, such as infrastructures, buildings, transportation, energy, health 

care, financials, governance or education (Mohseni 2021). Other definitions include other 

“aspects of urban life, such as urban planning, sustainable development, environment, energy 

grid, economic development, (…), social participation and so on” (Prakash 2019). 

While discussing these components that compromise Smart Cities, the concept of sustainability 

becomes increasingly relevant. According to Virtanen (Virtanen, Siragusa, and Guttorm 2020), 

“the Brundtland Commission initially provided the notion of ‘sustainable development’ with 

its three intersecting and ranked hierarchically pillars (social, economic, environmental)”.  

To achieve the functioning and building of Smart Cities with sustainable methods, a modern 

and technology-driven approach (Prakash 2019), meaning technological and digital innovation, 

needs to be involved. So, the concept of ‘Smart City’ is outlined by its technical core, which, 

in turn, is inspired by advances in computer science and engineering field (Prakash 2019).  
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1.2. Research Gap and Aim of the Work Project 

This work project considers the existing research and focuses rather on the exploration of 

innovative methods to make cities smarter and more sustainable through technological or 

digital innovation. A preliminary analysis of several innovations will be performed, which 

allows a scoping of five approaches that were selected due to their high potential for value 

creation and contribution towards sustainability.  

The objective is to get insight into different, individual dimensions within Smart Cities, that 

are backed up by an innovative technology or digital platform. Within these individual 

dimensions, it will be determined how value is created and its impact on the environment, 

economy and society. In this way, a better impression can be created of what our lives will look 

like in 30 years from now.  To delimit the analyses, it will be geographically focused on Europe, 

and the timeframe will be set until 2050. 

1.3. Research Question 

The above-described gap and research objective lead to the following defined Research 

Question (RQ) that will be explored throughout this paper: How to create value by 

entrepreneurially using sustainable innovations in Smart Sustainable Cities? 

This question is separated into three main topics: technological innovation, sustainability 

assessment, and value creation. The first topic, technological innovation, will be tackled by 

defining five key areas of focus of this research. The work project aims to analyse the value 

these innovations create in this setting of cities of the future. After analysing the current state 

of affairs for each specific case, the second and third topic will be tackled by performing a 

value creation and sustainability assessment must. Theses assessments will be conducted 

through several formats, resulting in a critical discussion on the connection between these two 

dimensions. 



 11 

Therefore, value creation must be defined in a specific way to understand better the question 

at hand. This can give us insights into the structure and analysis of this work project. Value 

Creation is achieved when a company generates added benefits for its customers through its 

work and resources.   It can be assessed through different approaches. One way to validate it is 

to understand if the solution generates benefits of any kind for all the stakeholders involved. 

At the same time, it is important to assess what is the extent of these benefits. Another 

methodology is to assess the financial viability of the company business model, thus proving 

that financial value is created. Throughout this work project, the five different innovations 

presented will assess value creation using different methods.  

This work project aims to answer the RQ on the ground of these dimensions of value creation 

on each of the subtopics and through a comprehension at the end. As mentioned in Chapter 

1.1., sustainability comprises a social, economic, and an environmental dimension and will be 

explained in the later chapters. Each one of these can be tested and validated in different ways, 

ranging from gathering of primary data to question how citizens and other stakeholders are 

impacted to thorough research of available data to validate whether all of the dimensions are 

met, or even through a quantitative analysis of potential environmentally sustainable impact 

that an innovation can bring. 

To thoroughly answer the RQ, it is additionally essential that a future outlook is provided to 

give a clear understanding of the state-of-the-art, potential, and associated implications of the 

innovation at the moment and in the future. 

1.4. Supporting Questions 

To answer the RQ as precisely and accurately as possible, it is necessary to define supporting 

questions first, which lead to the overall RQ, to ensure a clear understanding of every individual 

aspects. These questions will be answered in the General Conclusion, functioning as a final 
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validation framework of the conclusions that were the product of each of the innovations 

analysed. 

For what do sustainable innovations create value? 

 To analyse and explain how to create value by entrepreneurially using sustainable innovations 

in smart sustainable cities, the output that the sustainable innovations lead to must be defined. 

Additionally, the stakeholders or key areas affected must be defined. 

Are current Smart Cities already applying/adopting these technologies/digital services?  

The willingness to implement and adopt new technologies and digital services is fundamental 

for possible value creation. If this willingness does not exist, value creation is not even possible 

from the start. Therefore, the prerequisite for answering the RQ is to consider the readiness of 

Smart Cities to adopt and implement the technologies and digital services.  

What are the key challenges of the innovation? 

In addition to the state of affairs, the challenges that may arise are also considered. The extent 

to which each challenge can be posed as a barrier to entry can depend on micro and 

macroenvironmental factors. Still, an assessment of each challenge and understanding of the 

level of risk towards implementation that it poses is key to a critical analysis. 

Are these innovations in these Smart Cities truly sustainable?  

Another very important point, after analysing the possible value creation, implementation and 

risks, is to assess whether the listed innovations have a positive environmentally sustainable 

effect on Smart Cities. 

After answering these supporting questions, based on the detailed analysis of the possible value 

creation of the different sustainable innovations in sustainable Smart Cities, the RQs of this 
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master thesis can be answered successfully. 

1.5. Relevance of Research Question  

Despite occupying only 2% of the world's surface, cities have a disproportionate climatic 

impact and energy footprint, according to C40, a network of megacities committed to tackling 

climate change. Cities consume more than two-thirds of the world's energy and produce over 

70% of global emissions (‘Beyond Smart Cities: Why Smart and Sustainable Cities Are the 

Way Forward’ n.d.). Environmental externalities - primarily resulting from population growth, 

rapid urbanization, high private motor vehicle dependency, the deregulated market, mass 

livestock production, and excessive consumerism - have raised serious concerns about the 

future of natural ecosystems in which we are a part of. Global climate change, one of the most 

significant problems humanity has ever faced, directly influences people's well-being and, in 

the long term, on humanity's existence (‘Climate Effects on Health | CDC’ 2021). In the past 

two decades, the concept of Smart City, especially the sustainable development of Smart Cities, 

has increasingly become the focus of attention in the fields of technology, science, urban and 

environmental planning, development and management, as well as for urban decision makers 

and practitioners. This was caused by digital technologies being a key enabler in stimulating 

paradigmatic transformations in visions, strategies, execution, and learning connected to urban 

development.. The combination of technocentric and environmentalist views is a path to the 

ideal urban form of the 21st century (Ahad et al. 2020).  

1.6. Organization of Work Project and Delineation of Field of Study 

In the following section, the structure of this paper and the procedure for answering the RQ 

will be explained. First, the basic building blocks for answering the question are laid in Chapter 

2. For this purpose, a precise definition and literature review of Smart Sustainable Cities, along 

with an historical context and the analysis of existing Smart City business models will be 

performed. Furthermore, sustainable innovations in the context of Smart Cities will be defined. 
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The potentials, challenges, trends, and developments of these are examined in more detail. 

Next, the delimitation strategy is described by breaking down the general overarching theme 

of Smart Sustainable Cites to the focus of sustainable innovations within Smart Cites.  After 

the basic building blocks have been laid, the methodology used in the further work for the 

analysis and application of the RQ is discussed in Chapter 3. For this purpose, the used data 

sources are listed, and the methodology used to define the five key innovations chosen is 

explained. The analytical methods to assess entrepreneurial and sustainable value are outlined 

in each individual part. In the following chapters, five different sustainable innovation areas 

within Smart Sustainable Cities are discussed in detail, ranging from smart sustainable 

mobility, vertical farming, and biophilic design to Fintech and blockchain in the energy market. 

Thereby, an analysis will be carried out on how and to what extent these sustainable innovations 

create value in Smart Cities. In Chapter 3, a general discussion of the research project will be 

conducted. Finally, the limitations of the RQs are discussed, and a look into the future of 

sustainable innovations in Smart Cities is ventured. 

The RQ will be elaborated in the field lab “Technology Strategy” focusing on sustainability. 

The question was derived by breaking down this defined topic area into various possible 

application areas. The choice fell on the application area Smart City since, within a Smart City, 

multiple stakeholders and dimensions are affected by the implementation of new technologies. 

To create a link to sustainability, it was decided to limit the topic to innovations , that make 

cities smarter and more sustainable, as this topic is of significant relevance today, as explained 

in Chapter 1.2.   

2. General Literature review 

2.1. Delimitation Strategy of the Literature Review  

As previously demonstrated, Sustainable Smart Cities contain a wide range of cross-cutting 
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topics that can be evaluated within an in-depth analysis. Although this type of analysis would 

enrich the research in terms of content, this work project will limit the focus of the research to 

sustainable innovations.  

The urgency of adapting the traditional business models to preserve the human species and 

environment to guarantee a future for the new generations has never been higher. In many 

societies, the government is responsible and leading the innovation policy. These innovation 

processes are, however, often hindered by extreme bureaucracy. Therefore, innovations are 

typically tackled and achieved by entrepreneurs, adapting and creating new business models, 

in a faster and more efficient manner.  

2.2. Smart Sustainable Cities  

2.2.1. Definition 

As previously established, the concept of Smart Sustainable Cities is very innovative and can 

have several definitions. To establish which new technologies can entrepreneurially create 

value for smart sustainable cities, a definition of “smart” and “sustainable” needs to be set up 

first. The UN in 1987 defined sustainability the following way: “meeting the needs of the 

present without compromising the ability of future generations to meet their own needs” 

(Nations n.d.). United Nations Economic Commission For Europe (UNECE)’s definition 

distinguishes both parts of the concept of Smart Sustainable City very clearly, defining it as 

“an innovative city that uses ICTs and other means to improve quality of life, efficiency of 

urban operation and services, and competitiveness, while ensuring that it meets the needs of 

present and future generations with respect to economic, social, environmental as well as 

cultural aspects” (‘Sustainable Smart Cities | UNECE’ n.d.). 

Dr. Rudolf Giffinger and the European Smart Cities research group at the Centre of Regional 

Science of Vienna University defined six Smart City areas of action (Giffinger 2015), which 

were later popularized in Dr. Boyd Cohen’s “Smart Cities Wheel” (Cohen 2018). Although 
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these areas only refer to the sustainability dimension of Smart Sustainable Cities, they will be 

applied in the further work project to categorize the innovations assessed and to assess their 

sustainability according to the parameters defined in UNECE’s definition. 

The first area of action is “Smart Government”, which includes creating synergies between the 

government and all stakeholders through the creation of policies, fostering transparency, and 

taking a digitally innovative approach. The second area, “Smart Economy”, comprises the use 

of an entrepreneurial spirit and technology to create economic efficiencies, such as making a 

city more attractive for new businesses, and leading to local and global interconnectedness. 

Thirdly, “Smart Environment” relates to urban planning and the management of all key city 

infrastructures, ranging from waste management to the energy sources that are used. “Smart 

Living” also focuses on quality of life, but from a social standpoint. It relates to the access to 

basic services such as healthcare, housing, and the internet, and how access to these key 

infrastructures is enabled. “Smart Mobility” concerns the maximization of the efficiency of 

urban transports, making it more economically and environmentally sustainable through 

innovative and technological solutions. Finally, the sixth dimension – “Smart People” – focuses 

on the interaction with each other and with the public and private sectors. A Smart City should 

provide accessible and inclusive measures that foster the participation of all stakeholders in the 

city’s matters through the implementation of intelligent solutions. 

2.2.2. Historical Evolution of the Concept 

As the definition of Smart Sustainable Cities has been established, taking into consideration 

the status quo for being “smart”, “sustainable” and a “city”, it is important to stress that this 

concept has evolved and changed over time, due to the constant development of society. In 

fact, Höjer and Wangel stated five key areas that ultimately led to the origin of research of the 

Smart Sustainable Cities concept (Höjer and Wangel 2014) – globalization of environmental 

problems and sustainable development, urbanization, and urban growth, sustainable urban 
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development and sustainable cities, information and communication technologies and Smart 

Cities. By understanding the latest developments within these five key areas, it is possible to 

trace the historical development of the Smart Sustainable Cities concept. 

For a long time, environmental problems were perceived as local issues. In 1972, the 

Stockholm Conference – the first United Nations conference that focused on international 

environmental issues – these matters started to be perceived as a global concern, and the 

foundation for global environmental governance was set (United Nations n.d.). Later, in 1987, 

the concept of sustainable development appeared through the Brundtland Report (also known 

as “Our Common Future”), released by the World Commission on Environment and 

Development. In this report, sustainability was defined, as previously mentioned, as “meeting 

the needs of the present without compromising the ability of future generations to meet their 

own needs” (WCED 1987). Additionally, among other results, the report set the grounds for 

the 1992 Rio Summit, in Rio de Janeiro, which ultimately led to the creation of the UN 

Commission on Sustainable Development in the same year. This commission was created with 

the purpose of tracking and implementing Agenda 21 – the output of the Rio Summit -, which 

was strongly reaffirmed at the World Summit on Sustainable Development held in 2002 in 

Johannesburg (United Nations n.d.). Other key events that were essential to international 

cooperation for environmental sustainability were the Kyoto Protocol in 1997, which consisted 

in a commitment to reduce GHG emissions through binding individual targets, requiring 

stronger efforts from developed nations (UNFCCC n.d.), and the Paris Agreement in 2015, 

which requires effort from all nations and introduces a higher level of flexibility and national 

ownership, allowing countries to set their own emission targets according to their development 

level (United Nations 2015). Even though the literal definition of “Smart Sustainable City” 

words has not been previously applied, the political, environmental, and economic factors that 

have been evolving over time lead to an update of past policies, adapting them to the current 



 18 

state of affairs. Therefore, it is essential to mention the European Green Deal, which is a “new 

growth strategy that aims to transform the EU into a fair and prosperous society, with a modern, 

resource-efficient and competitive economy where there are no net emissions of greenhouse 

gases in 2050 and where economic growth is decoupled from resource use” (European 

Comission 2019). It was proposed at the end of 2019, amidst a rise of global leaders that are 

considered to be hostile to the climate action cause, such as the former President of the USA, 

Donald Trump, and the current President of Brazil, Jair Bolsonaro. As so, it was not only a call 

for action for environmental purposes but also a political statement from the European 

Commission, presided by Ursula von der Leyen, as to what the priorities should be for the next 

decades, until at least 2050. It focuses on key areas of action, defining how to develop Smart 

City infrastructures and ultimately stating what factors need to be met to be considered as a 

sustainable city, and which policies and technologies should be developed to have a smarter 

path towards a more sustainable future.  

It is expected that, as technology, policies, and cities evolve, the concept also shifts. To 

understand potential reasons for a transition and assess the value Smart Sustainable Cities can 

create, the City Model Canvas framework, introduced in the next chapter, will be used. 

2.2.3. Key Concepts Related to Smart Sustainable Cities 

The following concepts will be relevant for this work; Sustainable Development Goals (SDGs), 

the Three Principles of Sustainability, the ESGs, the Circular Economy, the Well-to-Wheel 

Analysis.  

The Global Sustainable Development Goals (SDGs) (‘THE 17 GOALS | Sustainable 

Development’ n.d.).  will be applied, which were created by the UN in 2016, as these can more 

distinctly describe the individual contributions of each innovation even though they might not 

be related. This helps to better frame and assess the innovations with regards to answering the 

RQ. In addition, the SDGs are very contemporary and are a global standard. Those define 
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sustainability goals in 17 areas, which bound every aspect together in one concept even though 

they do not seem related at first sight. This is the upside of applying the SDGs in the frame of 

this thesis as well. In the individual thesis report that tackles specific innovations, sustainability 

concepts are applied to assess and determine if the discussed innovation can be considered 

sustainable or not. For that, the definitions of sustainability (UN and SDGs) plus additional 

frameworks such as Circular Economy will be applied. 

In connection to Smart Sustainable Cities, it is crucial to mention that sustainability can also 

be assessed by differentiating and analysing the technology at hand with the help of the three 

principles; environmental, social, and economic sustainability. Based on this dating definition, 

the concept of ESG emerged and became a standard in the financial world. Even though 

investing, transactions and loans might not be connected to sustainability, the history of 

sustainability concepts is linked. ESG stands for the pillars of sustainability: Environment, 

Social (Society), Governance (which stands for the governance of economic bodies). 

Nowadays, different standards of ESG are used to classify e.g. investment funds. For example, 

the higher the ESG standard, the more selective the screening process becomes for assets in 

one fund (eg. MCSI World (1601 Assets); MSCI World ESG Screened (1506 Assets); MSCI 

World ESG Enhanced Focus (1490 Assets); MSCI World SRI (386 Assets) (Zeiter 2021). 

Furthermore, banks, insurances, and other financial bodies express their contribution to 

sustainability in ESG terms.  

Another concept that is more strictly bound to the concept of Smart Cities is Circular Economy 

(CE), which can be used to assess the environmental sustainability of an innovation. The 

advantage of the concept is that the Ellen MacArthur Foundation cooperates with firms that 

focus on Smart Cities. Often, it is required that autonomy in the food supply is needed for an 

urban population in a Smart City, which would mean that a working Circular Economy has to 

be applied. Looping back to the initial definition, a wasteless city is the goal also of the dating 
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definition from the UN, as waste necessarily harms future generations as even treated waste 

occupies space. If a working CE is applied, no waste is generated, all materials are resources, 

regardless of the state. This transformative approach has also the advantage as physical 

processes can be assessed based on their output of harmful material (e.g. CO2) or waste created.  

 

Figure 1: Circular Economy: Ellen MacArthur Foundation, SUN, and McKinsey Center for Business and Environment; 
Drawing from Braungart & McDonough, Cradle to Cradle (C2C) (‘Intelligent Assets: Unlocking the Circular Economy 
Potential’ n.d.) 

Finally, a more quantitative concept is the Well-to-Wheel Analysis, which is a policy-neutral 

methodology that allows for the calculation of GHG emissions, energy efficiency, and 

industrial costs associated with several types of fuels, as well as respective technological 

implications. As shown in the figure below, this analysis focuses on the emissions exhausted 

from well to tank – meaning, from the moment these are produced to the moment these reach 

the fuel tank – and tank to wheel – meaning, the burning of the fuel. (Nieuweling 2016) 

Those concepts are no definite answer to the question of what is and how to get to ultimate 

sustainability as there is no clear answer to it. Rather, those serve us as possible ways to assess 

the innovations presented in the context of Smart Cities, even though they seem unrelated. And 

the concepts show that those innovations are connected through the criteria posed.  
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Figure 2: Graphic representation of the Well-to-Wheel Analysis 

 

2.2.4. Smart Cities Business Model Canvas 

To analyse sustainable value creation in depth the Business Model Canvas is applied. 

According to Alexander Osterwalder, creator of the Business Model Canvas "the Business 

Model describes the logic by which an organization creates, distributes and captures value" 

(Osterwalder, Pigneur, 2010). Essentially at the corporate level, the company creates value, 

markets it to the market, satisfying the desires of consumers, and obtains for itself a share of 

that generated value, i.e. profit. The Business Model is not a strategy, but a concrete and 

immediate tool, not based on the future but the action in the present (Magretta, 2002).  

Humankind, who increasingly moving towards urban centers, representing a wide range of 

innovations and development to satisfy the daily needs, pushes the city apparatus to provide 

adequate services that can enhance the living experience within the social context. Thus, in 

recent years, cities have sought to accelerate the innovation process, using technologies that 

simplify citizens' lives such as the Internet of Things (IoT), Artificial Intelligence (AI), and 

Blockchain (BC). Population growth, largely due to the influx of people populating large urban 

centers for greater economic opportunities, has pushed cities to ensure an improved quality of 

life by focusing mainly on environmental impact, safety, mobility, and public and private 

health. Smart Cities are those that use new technologies to solve society's daily urgent tasks 



 22 

such as housing, transport, and energy in urban planning and governance. To realize them, 

investments in Smart Cities are the result of complex relationships between the public sector 

and private leaders, who together contribute to the final result. Therefore, all these solutions 

need to be mapped correctly according to a business model that is fit for purpose. But how can 

we apply a Business Model to Smart Cities? As previously mentioned, the Business Model 

Canvas is one of the best tools to synthesize and analyse value creation through a business or 

technology. The canvas consists of nine building blocks divided into key partners, key 

activities, key resources, value proposition, customer relationships, channels, customer 

segmentation, cost structure and revenue streams (Timeus, Vinaixa & Pardo-Bosch, 2020). 

It is a very useful tool to graphically represent all the fundamental components of a business 

model in a single image, while still being clear and useful to understand how the company 

works and how to create value or find new business opportunities. A more recent and extended 

version of the Business Model Canvas adapted to Smart Cities, proposed by Díaz-Díaz, Muñoz 

and Pérez-González called City Model Canvas (Timeus, Vinaixa & Pardo-Bosch, 2020). By 

adding an environmental dimension to the economic assessment of business models, it helps 

municipalities to deliver value sustainably, which will be used within the research. 
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Figure 3: City Model Canvas 

It consists of 14 blocks that are divided into four parts. The first part of the model concerns the 

presentation of the mission, i.e. the objective the city wants to achieve and the value 

proposition. The second part focuses on stakeholder action and the logistics of service delivery 

for citizens. The third part focuses on all aspects of value creation, in particular financial 

resources, infrastructure, and political resources. The fourth and final part consists of an 

assessment of the economic, social and environmental costs and benefits of the intelligent 

service to be proposed (Joyce and Paquin (2016). With this tool, not only the economic 

feasibility of the project is being assessed, but above all the sustainable impact it has on society 

and the environment.   

2.3. Sustainable Innovations 

2.3.1. Definition in the Context of Smart Cities 
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As previously established, sustainability is one of the requirements of Smart Cities, so 

innovations that benefit that pillar could already be regarded as sustainable innovations in the 

context of Smart Cities. However, sustainability in Smart Cities might have different 

definitions compared to e. g. sustainability in the context of Circular Economy or sustainable 

development. For this purpose, the definition of sustainability that was set in Chapter 2.2.1 - 

“meeting the needs of the present without compromising the ability of future generations to 

meet their own needs” – is relevant to define sustainable innovation.   

To bring all relevant terms into context and provide consistency through the overall work 

project, a definition of innovation is necessary. As such, “Innovation is the creation and 

implementation of new processes, products, services, and methods of delivery which result in 

significant improvements in outcomes, efficiency, effectiveness or quality” (Eveleens 2010). 

Finally, after defining the concepts of “sustainable” and “innovation”, it is clear that the 

concept of sustainable innovation comprises the creation of a new tangible or intangible 

component that causes significant improvements in any area without harming others. This 

definition is in accordance with the definition given by Lee, who defines sustainable innovation 

as the creation of or adaption of existing products or services to achieve sustainable social, 

environmental, and ecological impact, while at the same time generating profits for the 

company. Through sustainable innovation, companies can create and deliver products or 

services that directly can contribute to sustainability (Lee n.d.). 

In the context of this thesis, innovation has two major criteria: 1. It has to create value in the 

sense that it can be entrepreneurially harnessed and ultimately, profits can be achieved. 2. One 

aspect of sustainability has to be benefitted without harming another one. This is due to the 

complexity of sustainability (Tainter 2006), which implies potential downsides to every 

achieved progression. The most prominent example is that a more efficient technology (which 

could be beneficial e.g. carbon reduction due to more efficient usage) often leads to higher 
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consumption, which on the other hand has a negative influence on the absolute CO2 emission 

balance. Therefore, this report aims at considering innovations that are not bound to this effect 

but are truly benefitting one area of sustainability (e.g. carbon reduction despite increased 

demand).  

2.3.2. Potential for Sustainable Innovation 

The biggest potential stems from the value created by sustainable innovations as a multitude 

of aspects are tackled at the same time. First, Smart Cities benefit from businesses that are 

successful and this can be the measured by the value generated for the inhabitants. Second, 

such an innovation would not only create value in terms of a service or product to the 

customers, but also leverage the sustainability of the service or product. For example, if the 

innovation creates a product that cuts 50% of the CO2 emissions compared to its conventional 

counterpart and represents an integral part of a Smart City, then multiple desired outcomes for 

Smart Cities are pursued at the same time.  

2.3.3. Challenges of Sustainable Innovation 

The special context of Smart Cities, in which innovations should be integrated, poses a unique 

set of difficulties, that need to be overcome to foster value and succeed in such a market. A few 

findings are outlined: 

1. The Articulation of technological innovation and change to the lifestyles of the 

individuals: Smart cities require a different lifestyle for the inhabitants compared to 

conventional cities. This inevitability becomes even more dominant when innovations 

are not only radical by the concept but also by implication. Therefore, if the implication 

of a disruptive technology offers or forces an adapting behaviour of a user, then 

resistance might be one of the reactions (Saujot & Erard 2021).  

2. The complexity of intersectionality: Like the complexity of sustainability 

intersectionality can pose challenges to the interactivity of innovations and their users. 
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This is mainly an issue of infrastructure and data management and applies if the 

innovations are integrated in such a way that interdependency is the result (Saujot & 

Erard 2021). 

3. The organisation of citizen participation: This point is highly business-model-specific 

and depends also on the innovation itself. For example, some business models require 

the users to be administers at the same time, which poses challenges in terms of 

communication misconduct questions and role issues. Furthermore, the business model 

identified (Saujot & Erard 2021) 

4. The collaboration of public and private partners: What seems like a communication 

problem also is a funding problem and is, again, a specificity that arises from the applied 

business model (Saujot & Erard 2021) 

3. General Methodology 

3.1. Time Horizon and Geographical Delimitation 

The time period and geographical area investigated are limited to answer the RQ in a more 

targeted and detailed manner. This paper examines only sustainable innovations in Smart Cities 

within Europe. Furthermore, the time horizon limitation is set to the year 2050. This 

determination was made based on the European Green Deal by the EU and following the EU's 

Paris Agreement commitment to global climate action. The key objective of the European 

Green Deal by the EU is to be climate-neutral by 2050, based on the fact that the targeted 1.5ºC 

to 2ºC increase in global warmth is the maximum that the planet can take without bearing 

uncontrollable consequences.  

Furthermore, by 2050 the EU aims to become an economy with net-zero GHG emissions. To 

reach this goal, the EU aims to provide 100 climate-neutral and Smart Cities by 2030. 

Furthermore, according to the EU Commission, cities are a significant factor in achieving this 

mission of climate neutrality by 2050, as they account for only 4% of the EU's land area. Still, 
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the cities house 75% of EU citizens, using more than 65% of the world's energy, and produce 

more than 70% of CO2 emissions (‘EU Mission: Climate-Neutral and Smart Cities | European 

Commission’ n.d.). Based on the EU's mission and the remarkable role of Smart Cities, the 

delimitation for this RQ was set. 

3.2. Rationale of the Selection of the Innovations  

Based on the previous chapter, recent trends were identified, which led to innovations 

commonly associated with Smart Cities in the context of sustainability. In addition, 

contemporary sources identify key technologies that were also considered in the frame of this 

report. For the selection of the five innovations further deepened in the subtopics a pool of 22 

suitable and relevant innovations was selected and analysed through an Innovations Scorecard, 

presented in Appendix 1.1. The innovations are ranked based on the following criteria to assess 

their usefulness in this thesis and rated with a 3-point system.  

The final score for each innovation results on the weighted average of the score attributed to 

the following variables:  

Quality of life (15%). 3 points: An innovation has a significant positive impact on the quality 

of life throughout different areas of life; 1 point: No or negative effect on the quality of life 

through the innovation. 

Efficiency of urban operation and services (15%). 3 points: A significant increase in efficiency 

in at least one of the mentioned areas (communication infrastructure, waste, energy and 

mobility); 1 point: No increase or a decrease in quality in urban operations and services. 

Competitiveness (15%). 3 points: The innovation and its business model have a solid and 

differentiated value proposition compared to competitors; 1 point: Weak or common value 

proposition. 

Economy (15%). 3 points: Long-term economic growth and profitability are expected for the 

innovations and its business model; 1 point: Long-term economic growth is not expected, or 
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decrease is expected. 

Environment (15%). 3 points: The innovation (almost) causes no harm to the environment  (e.g. 

air and material pollution/land usage/resource exploitation/biodiversity loss/biomass loss etc.) 

or even recovers prevalent environmental damage; 1 point: The innovation does not improve / 

not significantly improve environmental standards compared with the conventional counter 

technologies. 

Society and Culture (15%). 3 points: A Life-changing positive impact in societal & cultural 

factors is expected through the implementation of the innovation; 1 point: No or a negative 

impact in societal & cultural factors is expected. 

Own Interest/Experience (10%). This category is based on interest and experience. It is ranked 

from no (1 point) to strong interest (3 points). 

The highest ranks are the innovations discussed in the individual chapters: Fintech (Ø 2,55), 

Blockchain in the Energy Market (Ø 2,55), Vertical Farming (Ø 2,4), Biophilic Design (Ø 

2,4), Cooperation for Sustainable Mobility (Ø 2,7).  

3.3. Resources and Data Sources 

For the analysis of all sustainable innovations, both primary and secondary data were used for 

data collection. The primary data was generated using semi-structured interviews with experts 

and surveys. The secondary data was collected through in-depth analysis of contemporary 

sources, existing studies and academic papers, with a focus on the quality of these to ensure 

the highest academic quality of the work project. A detailed description of the resources used 

and the approach to data collection is provided in the individual sections of each innovation.  

4. Motivation 

The authors of this paper were driven by different motivations to contribute to the academic 

community with the analysis of each subtopic. The climate emergency is real. To achieve 

climate neutrality, a 90% reduction in transport emissions is needed until 2050 (European 
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Commission 2019). However, innovations and technology are the opportunities the world 

needs to exploit today to achieve sustainability goals. The cause of “technology for good” 

allowed to highlight the economic benefits of the sharing economy for cities in the branch of 

Smart Mobility. The reason for the focus on Biophilic Design, on the other hand, stems from 

the focus on a state of human well-being, a psycho-physical, mental, almost philosophical 

condition. The need for the human to live in a positive environment that can generate well-

being and increase daily performance, using energy and hydraulic sustainability tools within 

the four walls. This fusion of art, design, and attention to future investments is the result of 

passion, academia, and the desire for a better quality of life. Vertical Farming represents an 

innovation that creates a value potentially recognized by every human being, since everyone 

has to eat, and this is an important driver for research. Furthermore, conventional agriculture 

needs to be revolutionized in terms of sustainability and indoor aquaponics represent a 

technology that leverages sustainability and has the potential to be economically scalable. VIF 

has the potential to become the new standard for growing leafy greens in urban areas in the 

next 10-30 years (Diaz, 2021), and can be used in a completely decentralized way, so with little 

initial capital an entrepreneur can grow the business from city to city, from a small scale to a 

larger one. Burning fossil fuels creates large amounts of carbon emissions and in addition in 

today's power grid due to long-distance transmission, there are significant energy losses. The 

idea of using Blockchain, a very recent technology with a large number of applications, to give 

the next generation a future with less inequality has motivated research to provide a timely and 

comprehensive review of possible solutions. Finally, coming back to everyday life, today 

Fintech has become an integral part of most people's daily lives. It facilitates human life every 

day, through the integration in various public services and easy usage through mobile devices. 

However, what needs to be considered about this opportunities are its sustainability and, above 

all, whether it can create long-term value.  
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5. Innovations Analysis 

5.3. Vertical Farming  

1. Introduction 

With the climate emergency unfolding, many topics are at the centre of the current 

sustainability debate. One of those topics is the need of a transition from conventional 

agriculture. It is associated with threats such as biodiversity loss, soil pollution, groundwater 

exploitation, overuse of pesticides and the effects such as less pollination, less wild fauna due 

to lower nutrients, droughts, and the overall acceleration of climate change due to greenhouse 

gas emissions (Tal 2018). But some solutions might solve these issues by cutting the water 

usage significantly, making the use of pesticides and transportation obsolete and process 

nutrients and resources more effectively. One of these solutions is vertical indoor farming 

(VIF) an agricultural technology (or “agtech”) which also have great potential (Stein 2021) for 

automation and autonomous food production (Kyaw and Ng 2017). The desired scenario for 

those facilities to be applied is Sustainable Smart Cities until 2050. Today, there are pilot 

projects (school or research) of VIFs (Lobillo-Eguíbar et al. 2020) and large-scale investment 

projects such as Vertivegies (‘Indoor Vertical Farming | VertiVegies | Singapore’ n.d.). But if 

the benefits for sustainability and the entrepreneurial value are prevalent – why are there not 

more small-scale investors trying to apply this innovation?  

1.1. Research Question and Scope  

This master thesis report answers the question: “How to create value by entrepreneurially using 

sustainable innovations in Smart Cities?” and the specific case Research Question (RQ): “How 

to fund a business from cash flow?”. As part of the contribution to the academic community, 

this report focuses on the value creation by small business owners in Smart Cities as they have 

fewer funding options compared to large-scale investors and enterprises supported by VCs (R. 

Yang, Xia, and Wen 2016). This is significant because of three points: 1. The technology of 
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VIF is sustainable as it almost represents a perfect Circular Economy (CE) (App. 4.1 and 4.2), 

compared to conventional agriculture (CA), and needs fast adoption because of global climate 

distress caused (in part) by agriculture; 2. VIF has its highest leverage to the saving of CO2 

emissions if the production plants are decentralized (transportation as an issue) (Despommier 

2019), therefore individual ownership and spread of the innovation is beneficial 3. VIF is a 

modern technology with growing disruptive markets in urban areas (Shirvell n.d.) (adoption 

seems to peak early (2030) in Singapore, which serves as an example of a more saturated 

market (‘3 Ways Singapore Is Creating Food Security with Urban Farms — Quartz’ n.d.). 

Additionally, the innovation matches with the scope and concept of Smart Cities fulfilling the 

need for self-sufficient food production without causing environmental harm (Chapter 2.2.3 

Smart Sustainable Cities). 

1.2. Short Explanation of the Innovation 

The basic idea is the indoor cultivation of crops based on automation facilities. This way the 

space can be used efficiently while the yield is not susceptible to weather changes and therefore 

can be planned. There are multiple types of VIFs: Soil-based vertical farming, aquaponics, 

aeroponics or hybrid solutions that combine the growing of leafy greens with breeding fish 

(App. 4.6 and 4.7) (Despommier 2019). This report focuses on vertical aquaponics because it 

matches the technology the use case of Freight Farms applies (App. 4.6). All the types have in 

common the fact that they are based on a circular concept and, therefore, represent sustainable 

farming (fish breeding) options. The potential for automation and the implication for planning 

and scaling poses the threat of disruption to conventional agriculture in urban areas for leafy 

greens. Singapore already has high-scaled VIF plants that are competitors on the market, so, 

assuming this as a benchmark, adoption of other markets is a likely scenario.  

2. Literature Review 

2.1. Sustainability & Agriculture 
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It is evident, because of multiple reasons, that conventional agriculture contributes to the 

current climate emergency by the following activities: nitrate pollution through the overuse of 

manure; inefficient land use (has multiple reasons e.g. food production for meat production); 

groundwater consumption; GHG emission release (has multiple reasons e.g. long 

transportation); biodiversity loss; insect extinction (loss of biomass); negative side effects of 

pesticides (Tal 2018). 

Because of those reasons, alternatives are discussed as part of possible solutions – one being 

VIF. VIF only has the potential to solve a few of those issues as problems associated with meat 

production cannot be tackled by VIF (currently) (Guerrero, Sharma, and de Pinho n.d.). 

2.2. Circular Economy 

The concept of Circular Economy by Ellen MacArthur is based on the concept of Craddle to 

Craddle by Bungard and Bessler (App. 4.1) and presumes the absence of waste in the sense 

that every material can be reused in different flows considering the whole lifecycle of one 

product or material. By that, the framework divides the flows into two main loops: the 

biodegradable and the technical one. Organic materials become soil eventually through 

degradation, which closes the loop – while technical resources must be recycled to close the 

loop. Along with both loops, there are multiple ways that either downgrade the use of one 

resource or shows ways to extract e.g. methane by processing the resource (‘Intelligent Assets: 

Unlocking the Circular Economy Potential’ n.d.). In this report, the framework was applied to 

VIF and the results can be found in the Circular Economy Results chapter. 

2.3. Funding methods 

Depending on the source, 5 to 7 common funding methods are identified to fund start-ups: 

1. Bootstrapping: represents own (personal) financial savings and methods. Need of 

caution is critical as this financially bounds own credibility with the firm 

2. Friends and Family (love money): People who want to support the entrepreneur invest; 
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also requires caution because business failure might cause emotional distress 

3. Crowdfunding: small investors that are convinced by the entrepreneur’s idea can invest. 

After a critical amount was funded, the idea can be executed (often investments are 

connected to deals, which can mean that the undeveloped products can be pre-ordered). 

4. Angel Investors: Typically, Business Angels funded and scaled an enterprise in the past 

and now benefit the ideas they want to support.  

5. Bank Loan/Venture Capital: Loans that are connected to certain trust or requirements 

(contract). VCs typically come with a task force that collaborates with the entrepreneurs 

and provides resources to scale, while a bank loan typically is associated with collateral 

that serves as a deposit for the cash (Hall 2012). 

In the context of this thesis, the method “fund from cash flow” presumes an initial personal or 

love money investment and relates to the natural growth of the VIF start-up. 

3. Method, Results and Analysis 

3.1. Methodological Approach 

The procedure focuses on three elements: sustainability assessment, cash flow/funding options 

and interviews with experts. Additionally, the reasons for the fit of the innovation for Smart 

Cities will be elaborated as part of answering the RQ. The sustainability assessment should 

state why the innovation and its business model (App. 4.4) can or cannot be considered 

sustainable, and therefore is (or is not) a good fit for Sustainable Smart Cities. The framework 

discussed in Chapter 2.2 of Circular Economy (CE) will be directly applied to a potential VIF 

solution and contrasted with a generic application with a conventional CE analysis (App. 4.2 

and 4.3).  

The exploration of cash-flow and funding models should measure the problem of entrepreneurs 

wanting to scale without much capital. Plus, it should make transparent which opportunities lie 

in the business case of Freight Farms (if there are any) as this is designed for small business 
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owners that can scale without VCs or large investments which would benefit collective 

ownership and encourage entrepreneurship within Smart Cities.  

Interviews with experts (App. 4.9 - 4.12) are conducted to gather key insights on 

entrepreneurship and sustainability linked to VIF and the conversation with Freight should 

further elaborate and discuss the business application. Those five interviews are qualitative as 

this fits the frame of this report. 

3.2. Results of the Circular Economy Analysis 

In Appendix 4.2 and 4.3 a flow of the loops of leafy greens was displayed as a demonstration 

of the loops implicated in VIF and to highlight material flows that do not exist in a conventional 

cycle. 

 

Figure 4: Own interpretation of Circular Economy to the material flows of VIF (generic) 

The first major difference worth mentioning is the leakage of material. E.g., Fertilizers are used 

in conventional agriculture as well as in indoor farming, however, conventional agriculture is 

known for its poisoning effect on groundwater due to leakage (e.g. nitrate pollution). Indoor 

farming, on the other hand, only uses the fertilizer the medium can absorb. Furthermore, 

mediums are controlled, so a leakage would be inappropriate and economically inviable.  

Another difference is the use of water. Here, the reason is the same. The facilities allow the 

farmers to satisfy the exact need of the crops. Over or under usage is also not a concern due to 
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the absence of seasons. In fact, in the case of Freight, up to 80% of the water can be recycled 

in comparison with conventional agriculture, which is not as controllable due to the usage of 

soil and land and the inability to control the environment.  

Because of the fundamentally different concepts (CA and VF), the occupation of land is also 

beneficial in terms of CE for VF, as less land is used per kg of protein and half of the habitable 

land is occupied by agriculture compared to CA (Guerrero, Sharma, and de Pinho n.d.). 

Consequently, VF has more potential for land preservation. Monoculture is a threat to 

biodiversity only if it replaces wild natural landscapes, which is only done with CA in this 

comparison. However, land usage is still an issue for VFs, as the facilities have to be integrated 

into buildings. But, because those are vertical and can stack on each other, VF is much more 

efficient compared to CA in this field as well. 

CE states that in-between processes should be (at best) the avoidance of GHG emissions. This 

is highly dependent on the locality of each installation. If CA is local to a store, transportation 

is not an issue. Far away shipping, which also can be considered conventional, is a disadvantage 

due to inefficient (often fossil fuel-based) transportation, which has its drawbacks. VIFs are 

intended to be decentralized, but as the case EFC-Farms, (‘ECF Farm Berlin | Urban Farming 

trifft Aquaponik!’ n.d.) proves, (they deliver to the whole area of Berlin and have a centralized 

production) not every application of the technology uses the benefits it can provide. 

An argument that the VF loses is initial GHG emissions due to the production and installation 

of the facilities since there are several requirements in terms of technological material 

(automation, computer, metal crops, tubes). The CA, in that regard, is efficient, as tractors are 

shared among farmers.  

Pesticides are commonly used in conventional agriculture, even to a certain degree in the eco 

quality (Tal 2018), whereas the VF, due to the controlled indoor environment, does not employ 

the use of pesticides etc.  
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Not visible in the model but relevant in the sustainability assessment is hyper-regionality (in 

the context of Smart Cities). The concept of VIF (vertical indoor farming) allows a 

decentralized production of food, meaning that, per small town/village/district there is a 

production facility (given that there is a market). This has multiple implications to the way the 

products are sold and their sustainability: 1. transportation is redundant as the production can 

be a few meters away from the store (saves emissions and pollution); 2. the regionality can be 

part of the branding (e.g. a regional positioning with example names: Carcavelos lettuce or 

Bairro Alto Tomatoes) leading to a sustainability awareness through regionality for the 

customers and inhabitants of the Smart City; 3. prices and economic flows might vary 

drastically between places (implication to the unpredictability of some aspects of economic 

regions and markets); 4. Hyper-regionality agrees with the requirements of Smart Cities as the 

need for autonomous food production is possible through the capsuled design of VIF facilities. 

3.3. Results Funding Models 

For VIF multiple business models are possible, but the most fitting model for answering the 

RQ is to apply the business model for small businesses. Also, economies of scale can be 

anticipated: large investments are needed for buying high yield facilities. The possible 

downside might be that those facilities are big and can therefore not be as decentralized. ECF 

Farm systems Berlin is a real case that shows that the successful farm has a budget of more 

than 1,5 million € per system to achieve competitiveness and profitability (Staff n.d.). 

The desired method of this thesis is cash flow funded: atypical but aspired for entrepreneurs 

with small funding budget in growing and emerging cities – by 2050 Smart Cities. It is possible 

to set up a farm that grows (potentially) into profitability but those are not very professional 

and evolve from single individuals seeking autonomy (called DIY-VIF). So, a gap is identified, 

as seen below (The Gap): 



 37 

 

Figure 5:”The Gap” 

 

3.4. Validation with Potential Stakeholders 

In total, four interviews have been conducted with five experts in different fields. A short list 

is provided. Furthermore, the key insights are listed below:  

• Yasser Chehade, Entrepreneur, Procurement Lead for renewable energy projects: Has 

experience with successful digital ventures; Would he be interested in VIF?; 

Perspective on sustainability (App. 4.9, Chehade, interview) 

• Joscha Bröhrmann; Founder of Tahibi a high-quality food vendor platform, Wind and 

electrical engineer: Owns a platform for groceries; Does he think that an entrepreneur 

has success on his online platform?; Perspective on sustainability (App. 4.10, 

Bröhrmann, interview) 

• Rick Trenchard: Lead salesman at Freight Farms: Perspective of Freight Farms; What 

does FF think is relevant for the success of a farm? (App. 4.11, Trenchard & 

Rademaerkers, inteview & webinar) 

• Harrie Rademaekers, Founder of a business based on FF system, Marketing lead: Owns 

2 FF facilities; Has first-hand experience on the application of a FF system and can 

share key insights (App. 4.11, Trenchard & Rademaerkers, inteview & webinar) 

• Rachel Wisentaner, Account executive: How does Freight Farms help the clients to 

succeed? (App. 4.12, Wisentaner, interview) 
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Y. Chehade, J. Bröhrmann and R. Wisentaner were interviewed face to face while the 

conversation with R. Trenchard and H. Rademaerkers was part of a webinar which was equally 

qualitative (for more details see script files). The major insights are the following:  

All interviewees believe that VIF is a key technology for overcoming the dangers of 

conventional agriculture; Consumer perspective and Tahibi: Buy prices can be slightly above 

market average; FF systems are designed for small business owners, calculation and planning 

is a service by FF that help to succeed – scaling is desired and can be achieved with the facilities 

that can be bought; initial minimum investment is 122.472,90 €; VIF-Food should not only be 

sold in regional stores but also to restaurants, platforms direct customers, firms etc.; All experts 

see themselves and with their professional roles as positive contributes to a more sustainable 

world – all experts promote sustainability in some sense; Collaboration with a VIF is 

potentially interesting for the entrepreneur experts; All experts agree with the value creation of 

VIF; The success of a venture is extremely dependent on the business model; Shipping of the 

facilities is a challenge; Freight Farms helps by creating and optimizing the business model. 

4. Use Case Analysis: “Freight Farms” 

4.1. The Concept 

Freight Farms use the international freight shipping container format (therefore Freight Farms) 

as the basis for their VIF facilities (Greenery S). By that, they provide the smallest unit of a 

complete system for a potential investor. The facilities can be combined and with the increase 

in the number of containers the food portfolio grows (e.g. kale + pak choi + basil + 4-week 

salad) (‘Investment Calculator’ n.d.).  

The technology is based on vertical aquaponics, meaning that constant water and nutrient 

solution gets constantly pumped circularly. This way, the water gets recycled, and the nutrients 

can be controlled. Furthermore, environmental parameters such as air humidity, pressure and 

temperature can be regulated according to the plant’s needs – per container.  
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4.2. Cash Flow & Scalability Calculations  

The case of this thesis is based on a cash flow calculation provided by freight farms with 

estimates of the market of Bargteheide (average German town which could serve as a pilot 

city). The market identified has limitations but only serves as an example in this thesis report 

to draw implications on the operation and mathematics of the business model:  

The success of an operation depends on the selection and price of vegetables. Slow-growing 

vegetables such as spinach or kale yield 156kg (312 units of 500g) per month compared to the 

“4-week-heads” such as romaine with 4044 units per month causing leverage on the fast-

growing vegetables. Profitability for slower growing plants can therefore only be reached if 

above-market prices are asked (spinach market: 1,99€ / Break-even VIF: 10,48€). However, 

the selling of fast-growing plants can compete on the market (Romain salad head market: 0,90€ 

/ Break-even VIF: 0,86€) (App. 4.5). 

One “Greenery S“ container by FF costs 139,000$ = EUR 122,472.90€ (‘FAQ - Frequent 

Asked Questions’ n.d.) (quote from 1st December 2021) resulting in different payback periods 

and scalabilities. The following scenarios were calculated: A, yearly cash flow (CF) = 6000€; 

B, CF = 12000€; C, CF = 24000€; D, CF = 48000€; E, CF = 96000€. The results to the 

budget for reinvesting and the number of facilities that can be purchased are seen here: 
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5.1. Discussion 

While the biological material flows of the operation work efficiently and according to the CE 

assessment in a high waste-hierarchy, other problems emerge that lower the outcome of the 

sustainability assessment: the packaging of the vegetables might be problematic as a plastic 

wrap (problem: recyclability and disposal) or paper (problem: water usage) will be used by 

entrepreneurs in store. A recommendation would be to either avoid the use of packaging 

completely or use packaging from recycled materials. Furthermore, the end-of-life of the 

facilities remains uncertain as the recyclability varies drastically depending on the system in 

place in different countries. One possible solution might be to consult the used market to 

exchange parts or focus on repairing facilities. 

Also, even though the facilities of FF are designed to be as efficient as possible, the 

sustainability of the usage of electricity is source-dependent, which, again, dependent on the 

country and infrastructure, cannot be called sustainable if, for example, the energy source is 

fossil. That said, in the scenario posed as the outline of this thesis report, which is 2050, a 

global change to renewables is anticipated (‘The Paris Agreement | UNFCCC’ n.d.). But along 

the way, an application of the technology remains uncertain.  

The core product of FF - Greenery S by FF - blocks scalability (for the first years regardless of 

the profit) as the price is high (122,473€) compared to expected earnings. However, with 

versions of the container farm not as advanced or DIY with similar or comparable yields 

scalability is more easily reached. Those, however, are not high-tech and might have negative 

implications to Smart Cities as interconnectivity is not the focus. 

Also, scalability begins by having 3-4 (366.000-488.000€) facilities in place which would 

embody the character of medium-scale investments. If the business model works perfectly and 

yields more than 48,000€ per year (high yield scenario) consistently, it is possible to slowly 

grow and scale.  
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The webinar and interview with both the FF user Rademaekers and Trenchard from FF have 

limitations as the perspective of a successful client was given. No information about failed 

attempts was shown. Consequently, FF has the interest to sell their facilities, so cautions need 

to be taken and independent research be done. Even Rademaekers acts as a brand ambassador 

and might have an agenda to help FF to sell more units. 

Rademaekers said it is crucial to work with the business model and commit to the prices as 

only then entrepreneurial success can be ensured, but this poses a challenge as many of the 

plants need above-market prices for profitability.  

5.2. Conclusion 

The environmental sustainability of VIF has significant advantages compared to conventional 

agriculture despite open issues such as technical material flow of facilities or packaging. The 

energy question is equally open as currently, most energy sources come from fossil energy. In 

Europe, the chance is or is approx. 50%/50% to be supplied with fossil or renewables (‘State 

of the Energy Union 2021’ n.d.). Using a renewable energy source the sustainability of one 

VIF application would be further leveraged. The business model of one VIF is crucial to its 

success and the leverage with high unit (fast-growing) yields is higher: Salads, Pak Choi rather 

than spinach with low outcome (spinach monthly outcome of 338 units, compared to romaine 

with 4044 units) (‘Investment Calculator’ n.d.). 

The FF Greenery S is rather expensive, justifying why scalability through CF cannot be reached 

that fast and takes at least three years (presented in the scenarios in Chapter 4.2). Wisentaner 

states that the usual payback period is three years for her clients, but this is according to the 

analysis of this report optimistic. Therefore, FF for CF funding is not recommended. However, 

DIY VIF would be an alternative that needs more investigation. Exponential growth starts to 

happen at 4-5 facilities, so a higher initiative funding would be plausible. But the high price of 

the FF facilities might be worth it as the components of interconnectivity, automatization and 
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high efficiency of Smart Cities are fulfilled.  

In conclusion, all the obstacles provided suggest that FF is a use case that helps to plan end 

explore the business of VIF but might not be the best alternative to launch a business to fund 

from cash flow. However, the characteristics of Smart Cities in terms of interconnectivity, the 

autonomy of food production and the fulfilment of the quality of life are strong. 

5.3. Answering the Research Question 

To answer the RQ “How to create value by entrepreneurially using sustainable innovations in 

Smart Cities?” and the specific case RQ: “How to fund a business from cash flow?” in one 

sentence: by choosing the right VIF firm as a business partner or check for alternatives like 

DIY farms or sets and perform proper market research about the initiating market. 

In terms of sustainability, as the CE assessment proves, because of significant improvements 

to conventional agriculture, the technologies can be considered sustainable.  

The environmental sustainability, the interconnectivity (potential integration with IoT/industry 

4.0) and potential for automation and decentralization of VIF provides a food source for 

autonomous Smart Cities/Smart City districts 

In terms of funding, small business owners might work with partners such as Freight Farms 

that offer ready-made systems that can be easily adapted to certain markets but are expensive 

or might use DIY systems to faster reach critical scale. The cash flow computation, however, 

should not be done simply by trusting the estimates of the firm but by researching hyper-

regional markets. 

Finally, focusing on value creation, the application of VIF itself provides value because of the 

sustainability-related aspects. The competitiveness, however, strongly depends on the market. 

An entry point might be a platform like the one from J. Bröhrmann where high-prized goods 

are sold, and the shipping is done by the vendors. Later by establishing contracts with local 

stores and by increasing the scale and bargaining power a more robust and long-living value 
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creation can be done. 

5.4. Further Development 

All the aspects of the RQ (mentioned in the previous chapter) can be explored in further 

research and development. This way, it would also be possible to overcome some of the 

limitations listed in the next chapter. 

Following the personal motivation, bringing this project to life by developing a business plan, 

research in my hometown Bargteheide to get more detailed estimates of competitors (or 

collaborate with J. Bröhrmann’s food vendor Platform Tahibi or/and launch a collaborative 

venture with Y. Chehade), and start and funding the first facility would be the ultimate further 

development. Following this procedure, a personal contribution by value creation, protecting 

the environment and doing business for good would be possible. 

6. Limitations 

Since this thesis report tries to explore many fields, limitations are prevalent in all of the 

concepts applied, as would the report have a more precise focus, fewer topics but more in-depth 

analysis would be possible. 

Furthermore, there are limitations based on the frameworks identified to assess sustainability 

aspects: CE focuses on visualising loops and leakages but has some biases (e.g. it was 

developed in collaboration with industries) by assessing flows of materials. To exemplify the 

limitation: The social aspect was not considered.  

Additionally, the following limitations were identified: Technical analysis focuses on the idea 

and not the details; no business plan was created to answer the entrepreneurial aspect of the 

RQ; no clear market was identified (except for the calculations); only one VIF-technology was 

explored; the use case of FF might be biased as they want to attract business partners. 

6. General Discussion 

While some conclusions in this report can be derived from the results of the research, another 
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aspect might have multiple viewpoints to them.  

In all the individual cases, presented sustainability can be leveraged compared to their 

conventional counterparts but often that cannot be stated with precision. Mobility, VIF or BC 

are examples of technology, which need some energy input to function. So, sustainability 

assessment results need to be taken cautiously as sustainability can only be levered if certain 

requirements apply. The energy source needs to be of renewable sources, otherwise, the lever 

to save e.g. CO2 emissions is low. By presuming all of the technologies presented in this thesis 

report supplied with fossil energy, the innovation could not be considered sustainable.  

However, if the energy sources would be 100% renewable, this thesis would be also pointless 

as one of the biggest problems would be solved, which is the global change of energy. Rather, 

the transition towards renewables and towards more impactful (in terms of sustainability) 

technical solutions that create value on multiple layers (e.g. the mobility case provides public 

transportation, CO2 reduction and gamified user experience) is the true contribution despite the 

uncertainty of the energy supply.  

But energy is not the only aspect, which is source-dependent. E.g., the packaging of the plants 

sold from VIF or the system on which a BC is applied are uncertainties that might limit the 

impact of the innovations discussed. This limitation is also a disadvantage that needs to be 

considered along the way until 2050 in the sustainability assessment or the validation of value 

creation. However, this uncertainty might be a point that further leverages the impact of the 

innovation as uncertainty means that an entrepreneur can influence the development of the use 

of the sources. E.g., if the community of VIF-users agree to solely use paper wraps (or better 

no packaging at all) the impact would be increased.  

Also, in all individual parts, the conclusion with regards to the sustainability assessment was 

positive and the innovation enhanced the status quo where applied. But that bettering the 
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current state does not mean solving the problem entirely. In the introduction, the problem of 

climate change was addressed, and it is evident that this issue is among the most threatening 

problems we as humans face. Therefore, improving the status quo is not enough for the long 

run. The Paris Agreement states that CO2 neutrality should be reached by 2050, which, in turn, 

mean for the innovations presented that CO2 neutrality should be aspired. This does not 

necessarily mean that businesses that apply the innovations need to cut all the CO2 polluters 

but to take the whole value chain into account and net around 0 (also after taking into account 

the biocapacity).  

And here lies a big contrast: smart cities that use lots of technology to reach true 

interconnectivity, which supposedly should be sustainable might have worse CO2 balances as 

the current best-performing country (and its cities) is Bhutan – an, according to western 

countries, poor country with less technology but committed efforts to reduce CO2 emissions. 

This country is the only one to have reached CO2 negativity (Munawar 2016) already and serves 

as a role model in terms of environmental sustainability. Therefore, the approach of using 

technology to solve CO2 emissions is not wrong but not the only solution possible.  

In the context of smart cities, it is important that the value of innovations can be increased by 

the interconnection with other technologies. Synergies in the case of this report might be 

Fintech, BC and smart mobility but there come some downsides to it. Each innovation and each 

perspective of one technology or business can be embodied by stakeholders that all have 

interest, which consequently mean that the more perspectives on an innovation exist and the 

more interconnections are prevalent within smart cities, the more interests there are. This might 

sound positive as more perspectives enrich the diversity but also lead to an increase in the 

complexity and possibly conflicting interests. Therefore, it is important to agree on a consensus 

that supports an agenda that is suitable for all the entities of a network that decides to 

collaborate. Naturally, the more entities there are, the more difficult it becomes to set the 
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specifics of a common agenda. This applies to business practices but also to technology, 

sustainability or social aspects. However, the complexity is not a problem that is not solvable 

as the network of Smart Sustainable Cities with its decentralized entities (VIF or mobility) and 

interconnections is part of the value created by such a system (Smart city canvas).  

The scenario of a full Sustainable Smart City in 2050 serves as a canvas for the innovations to 

build beneficial use-case scenarios for the inhabitants of a potential city but also poses 

significant uncertainty as the scenario is 29 years in the future and the potential technical, social 

and regulatory developments are beyond grasp at the moment. So, the applicability of the 

innovations discussed might be as presented and would truly work in such a scenario, but they 

might also not. On the one hand, the individual parts deal with technologies that can be 

considered progressive, as they approach the challenge of sustainability (representing a future 

challenge), and transitioning as with them come new standards (at least technical or 

economically) – on the other hand, those might not be the technologies that will be adopted by 

the markets. In the early 2000s, only a handful of people could imagine how we now (20 years 

later) would communicate: via WhatsApp. Therefore, predicting the future is almost impossible 

and perhaps BC is a technology that will get disposed by something more advanced.   

However, one of the most influencing factors is the aspect of regulation. In all the five 

individual parts is concluded that regulation will influence the success of the innovation and 

represents one of the most relevant uncertainties. For example, the mobility case presumes that 

regulation will develop in favour of the idea (which is in the context of benefitting changes that 

promote sustainability to fight climate change, is rather likely in the next 10-30 years) meaning 

that subsidies benefit the shared use of EVs. The business model is based on the potential future 

development which poses some risks. In fact, the regulation might turn out to be sanctioning 

the business model (not likely but plausible) if priorities in a market are different than expected. 

The same happens for the application of BC to the EM. The key challenge that was tackled is 
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outdated regulations, which prevent a tangible, city-scale, user-oriented application of this 

technology to this market. To base an enterprise on the hope of regulative improvements might 

not be the safest business idea but entails chances for future success, which, in contrast, is part 

of the purpose of this report. The business models of the other cases are not relying on the 

positive change of regulation but are susceptible to it. Especially the aspect of regionality in 

markets forces proper market analysis and negotiation with regulatory stakeholders to avoid 

too much uncertainty. 

Some of the examples discussed revealed that regulation, in part, is behind the progression of 

the technology in terms of the benefits for positive change. In some cases, regulatory 

discrimination seems to slow down the development (Blockchain) and application of 

technology. This leads to the state where the market would be ready for adoption, but the 

incentives are missing. Therefore, it seems logical to invest in such technologies as an 

entrepreneur in the near future as it might turn out to benefit the business of the innovations. 

The problem is, however, that regulation often is not steered by one chancellor or president in 

terms of market condition as regionality plays a big role. Therefore, stakeholders of the regions 

are the important ones, and this poses a disadvantage for businesses as also the governance and 

regulation of Smart Sustainable Cities are complex. That means that a business based on a 

technology, that has multiple entry points to a or multiple markets, might suffer from the 

bureaucracy of different regulatory entities such as different district laws, communities, 

communes, provinces, cities, etc. This might slow the process of market adoption and 

development down and decreases the attractiveness for entrepreneurs to launch their business. 

Because the numbers of the business cases (except mobility) are based on the current prices 

and units, and because the regulation is not yet favouring the concepts, the prices might be 

higher (in some calculations - mainly VIF and Biophilic Design - it is questionable if the market 

would already positively respond to sustainability alternatives and pay more than the 
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benchmark, but to provide the same value (in terms of quality, e.g. fresh VIF vegetables as 

good as conventional ones; biophilic buildings as good as conventional ones) – plus 

sustainability advantage, is a value proposition that stands out from the conventional 

counterparts. The problem, rather, is if the product or service would be below the quality of the 

competitors despite an environmental or social benefit. Then, adoption is less likely as clients 

would not adopt technology that is lower in value and cost more. But higher prices are in some 

cases inevitable (Biophilic Design) as it is the natural cycle of development and market 

adoption. The problem is that there are no alternatives to sustainable solutions as the threat of 

climate disasters poses too much danger to society (and all other beings). That means that some 

sustainable solutions will become the new benchmark with the openness to the kind of 

innovation.   

6.1. Answering the Supporting Questions 

As mentioned in the beginning of this report, to answer the Research Question as precisely and 

as accurately as possible, it is necessary to answer supporting questions first. The objective of 

the supporting questions is to ensure a clear understanding of the individual aspects/concepts 

presented. This methodology aims at summarizing and verifying the conclusions from each 

chapter before objectively answering the research question.  

For what do sustainable innovations create value?  

As previously shown, each individual innovation leads to its own singular output, and the key 

areas of focus are mobility, biophilic design, vertical farming, blockchain in the energy market 

and the fintech industry. It is interesting to notice that although these topics have such different 

final products, the stakeholders that each one of it affects are fairly the same – citizens, the city 

and governments are not only extremely affected by each innovation, but also essential for their 

existence.  
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Are current Smart Cities already applying/adopting these technologies/digital services?  

The extent to which Smart Cities are already adopting the analyzed technologies varies. The 

cases of mobility and fintech are the most proven, meaning that there are several applications 

of the models proposed. Even so, these are two areas that are constantly growing in number, 

complexity and impact of applications. On the other hand, for biophilic design and vertical 

farming, the scenario is different. The technology already exists and several business models 

are available, but only for higher-level fringes of society. As so, the focus is on applying the 

innovations to people in medium to low class and to small-scale markets, respectively. Finally, 

Blockchain in the energy market has been theoretically proven and tested in real life with 

several B2B applications, but regulations prevent it from being tested at the necessary scale to 

allow individuals to become prosumers. 

What are the key challenges of the innovation? 

General challenges that affect all innovations are the complex governance models of key 

stakeholder entities that are required to be on board and regulations that prevent the innovations 

to be implemented with a higher level of flexibility. Even so, this paper assumes the necessary 

level of enablement of the innovations, as the focus is on the entrepreneurial and sustainable 

value rather than the legal ramifications. Depending on the implementation location or overall 

context, other specific barriers to entry exist. 

Are these innovations in these Smart Cities truly sustainable?  

Another very important point, after analyzing the possible value creation, implementation and 

risks, is to assess whether the listed innovations really have a positive environmentally 

sustainable effect on Smart Cities. 

The frameworks utilized to perform individual sustainability assessment ensure a minimum 

level of positive environmental impact. Even so, since this paper considers a time delimitation 
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based on the European Green Deal’s (2050), caution must be kept with regards to the long-

term impact and the appearance of other solutions (that do not necessarily require a 

sophisticated technological level) that better meet sustainability requirements. 

After this final validation through supporting questions, it is time to provide a definite answer 

to the research question. 

6.2. Answering the Research Question 

To answer the RQ “How to create value by entrepreneurially using sustainable innovations in 

Smart Cities?” in one sentence: by applying disruptive technology that leverage environmental 

sustainability without sacrificing price, value or other advantages and, if they surpass the 

requirements of the Smart City Canvas and the rating, which was part of the report (this would 

not exclude the ones below 5 but these are the ones selected as part of the report), by integrating 

them to Smart Cities. This way, value for the common key stakeholder can be assured: the 

citizens of Smart Cities represent the clients of the applied technologies presented which also 

benefits the entrepreneurs using the innovation to provide that value.  

Because of the diversity of the innovations and the specificity and the multitude of the RQ the 

RQ will be answered in the sections Sustainability, Smart City and Value Creation. 

Sustainability: Depending on the technology and its application a sustainability assessment 

(either based on CE, SDG or CO2 emissions calculations) was performed to ensure a standard 

that significantly improves environmental or social concerns compared to the conventional 

counterparts that represent (for the majority of applications) the today’s standard in 2021. The 

selection of the 5 innovations assessed is based on the (potential) environmental and social 

impact and the assessment for the innovation confirms that a significant value in terms of 

sustainability is guaranteed, given a correct integration of the technology. The methods led by 

the concepts of the innovations and its value propositions vary drastically. To exemplify: 
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Fintechs can influence companies and policy makers to leverage financial inclusion and benefit 

the efficiency of economic operations, while the application of biophilic design leads to better 

mental health or passive heat regulation of buildings – the outcome, however remains the same. 

New standards are set and boundaries are relocated to a higher level (despite the 

acknowledgement that the innovations have different sustainability standards). Ultimately, this 

is a value created to the customer and to all the stakeholders, that suffer from the current climate 

disaster, which are all the organic entities in the biosphere.  

Smart Cities: Also, in the category of Smart Cities it is important to note that a high standard 

to the preselection of the innovations (before the development of the thesis report), was set to 

guarantee that the technology fit the requirements of Smart Cities. As expected, different 

innovations have different focal areas, which, in the end leads to a portfolio of strengths when 

it comes to the integration of all the innovations. Still, common themes as decentralization, a 

benefit to the quality of life or interconnectivity are prevalent. To exemplify: the application of 

BC in the EM has the highest impact on the categories quality of life, effectiveness of urban 

services, competitiveness and especially interconnectivity due to the potential for integration 

with IoT/industry 4.0 and for automation and decentralization. This has a similar fit to Smart 

Cities as Fintechs benefit social sustainability, improved quality of life, interconnectivity, 

automation and decentralization for autonomy,  which, again, has a similar effect as vertical 

indoor farming.  

Value creation: This aspect is the most uncertain of all researched areas as regulation until 2050 

can drastically vary due to the time until 2050 but also due to regional effects and different 

markets. This has implications on the competitiveness and scalability of one innovation (e.g. 

BC, mobility, VIF). But as first regulators benefit more sustainable options, e.g. carbon tax, 

this uncertainty is expected to unveil to the favour of the innovations (besides that climate 

emergency and social movements e.g. Fridays for Future pressure policy makers and regulators 
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into this direction).  

As mentioned in the sustainability paragraph, the value is created by sustainability-related 

factors such as CO2 emission reduction but also by the non-sustainability-related aspects (it 

remains questionable if the term is correct as every value that contributes to the thriving of 

humankind is somehow benefiting sustainability values.). The value provided are diverse, but 

through the interconnectivity of Smart Cities and through the frameworks used, related. To 

exemplify: Smart mobility concepts and Fintech could be improved by the application of BC. 

The same applies to potential synergies of VIF and biophilic design (e.g. potential to breed 

settlings at the same nursing station), which leads to the conclusion that in different values are 

lots of similarities. 

7. Main General Conclusion 

The initial goal of this research was to understand the potential that certain fields of innovation 

can have on cities, to make them smarter and more sustainable. For that, a broad initial 

exploration was done, and parameters for a preliminary potential assessment were defined. The 

chosen innovations focused on the following areas: Mobility, Vertical Farming, Biophilic 

Design, BC, and Fintechs. These concepts may sound like jargon, but after in-depth study, it is 

clear that the benefit they bring to citizens can essentially change the way we live within cities 

in current and future days. After proving the entrepreneurial and environmentally sustainable 

value that these innovations generate and understanding the structural changes that would be 

required to implement these changes within a city, it is important to reflect upon the Sustainable 

Development Goals (SDGs) that will be affected by them, not only individually, but as a whole. 

In fact, out of the 17 SDGs, 15 of them are at least partly affected by at least one of the 

innovations, being Decent Work and Economic Growth (SDG 8) the one that is tackled by 

every analyzed innovation. This means that all of them contribute to promoting sustained, 

inclusive, and sustainable economic growth, full and productive employment, and decent work 
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for all (United Nations n.d.), which has been verified in the value creation analysis for each of 

the five innovations. By building a MaaS solution that fosters the use of the public and shared 

transport networks, it is not only the solution itself that is benefiting from growth, but also – 

and most importantly – the networks, which can then improve in qualitative and quantitative 

terms due to the success of this solution. Furthermore, enabling vertical farming for small-scale 

players means not only enabling every player to use more environmentally friendly solutions, 

but also giving the same opportunities for economic growth to all. The same happens with 

biophilic design architecture which, as previously explained, is a type of architecture from 

which only the most privileged fringes of society can benefit. But, at its core, the goal is to 

integrate nature and human beings and, through finding solutions on how to enable it for 

everyone, steps are being taken towards a more inclusive economic growth. On a more 

individual sense, Fintech solutions can increase financial inclusion through higher access to 

financial services, boosting SMEs and entrepreneurs’ success enabling mobilization of 

domestic savings, allowing long-term investments and ultimately increasing economic growth. 

Finally, applying BC to the energy market not only opens space for more players in the sector, 

fostering competitiveness and growth, but also creates new opportunities for several players in 

the city context, and even a potential new revenue source for citizens if they choose to become 

prosumers. 

Although SDG 8 is touched upon by every subject approached in this research, it is not 

necessarily the key one for all of them. In fact, when talking about mobility, the main one is 

SDG 17 – Partnerships for the Goals, as enabling a MaaS solution in the city context requires 

a strong alignment between private and public players – not only in terms of transport modes 

but also, and mainly, with regards to technology, and a solid and flexible governance model. 

When talking about Vertical Farming, one of the main aspects is the fostering of Responsible 

Consumption and Production (SDG 2) – by enabling small business owners to use such 
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technology in the sourcing of their products, production becomes sustainable (not only 

economically, but also environmentally), allowing a cycle of responsible consumption and 

production to be generated. For the application of biophilic architecture, the main focus is SDG 

11 – Sustainable Cities and Communities, as it works towards making these types of buildings 

accessible to all, thereby aligning with “making cities and human settlements inclusive, safe, 

resilient and sustainable” (United Nations n.d.). Applying innovative Fintech solutions in the 

city context mainly contributes to SDG 1 – No Poverty as, as discussed during the in-depth 

analysis, reducing payment costs and enhancing access to capital and investments leads to 

higher financial inclusion and literacy. Finally, applying Blockchain technology to the energy 

sector mostly contributes to SDG 7 – Affordable and Clean Energy, as it leads to higher 

transparency of the energy infrastructure due to the decentralized nature and traceability of 

Blockchain. 

Technology is constantly evolving. Ages ago, the fire appeared. Then, eventually, the Man 

invented the wheel. Later, the light bulb and the printer became part of our lives, and today we 

all live connected through the Internet. Things that we never thought could exist have much 

more than the direct application that can be initially assumed from it. As so, pursuing this kind 

of exploratory research and potential assessment is key to ensure not only the cities’ 

improvement but the evolution of mankind. 

8. General Limitations 

The limitations concerning research find some points in common and others of difference 

between the various subtopics. A group work articulated in five different areas that converge 

in a single objective leads to clashes with difficulties that are mainly technical and research-

related, and with others that are consequences of the former. Sustainability is one of the most 

discussed and researched objectives of the last century and will be what mankind will have to 

achieve to survive. Smart Cities, on the other hand, represent the future starting from the small 
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steps that man and technology take today, trying to build around it a welcoming and stimulating 

environment that reacts to human stimuli and guarantees a high quality of life. From this we 

can deduce that the topics dealt with are extremely topical and in particular, subtopics such as 

the Blockchain in the energy context or Biophilic Design from the point of view of cost analysis 

or the use of new architectural technologies lack numerous relevant academic articles that can 

provide further information as they are fields that are sometimes still unexplored. However, it 

is the future that will provide answers to our proposed solutions. In the course of the research, 

different frameworks were used, and sometimes it was not possible to obtain the desired results 

from them. From the point of view of Vertical Farming, we were not able to obtain a business 

plan and a real market research with real identification of the latter. The reason for this is purely 

due to the scarcity of quantitative data obtained and the large amount of qualitative information, 

which led to conclusions that were not based on numerical/analytical evidence. A similar 

problem was faced in the Fintech sub-topic where we have no information on the cost structure, 

in the Biophilic Design sub-topic where we have a qualitative analysis with some assumptions 

on the cost data due to the lack of architectural background and in the Smart Mobility sub-topic 

where we had to make assumptions on the public sector cooperation (even if its interest was 

quite validated) and on the costs/demand. The Smart Mobility area also encountered some 

limitations in using a survey: closed-ended questions limit the person's opinion to the options 

proposed by the research, with a risk of leading to distortions due also to a word-of-mouth 

sample. On the other hand, the number of interviews was not high enough to get a complete 

picture of the experts' opinions, however, also due to the lack of response and not to the lack 

of research and as previously mentioned, they are purely qualitative, therefore they mainly 

provide opinions, validated however by the experience of the interviewees. It would also have 

been useful to be able to elaborate on many other points relevant to the research, such as 

regulatory frameworks for Blockchain in the energy market, the wide range of applications that 
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Fintech provides today or quantitative analyses regarding the funding of this type of innovation. 

9. General Future Research 

According to Statista, the projected revenue generated by companies in a Smart City, offering 

products and services based on data technologies to increase the value creation, will rise to 

241.02 billion U.S. dollars in 2025 (‘Global Smart City Revenue 2020-2025’ n.d.). 

Simultaneously, regulations and societal demand are increasingly pushing companies to focus 

on sustainability in their actions. These two developments show that in the future the topic of 

value creation through sustainable innovation in a Smart City will gain constantly importance 

and needs to be explored more deeply. This shows that this subject area must continue to be 

investigated. 

To gain more insight into the value creation through innovations in sustainable Smart Cities, 

there are several options and approaches for future research.   

The first option is to build on the limitations just listed. In the analysis of each innovation, some 

limitations limited the validity of the answer to the RQ. Future research could focus on these 

limitations and try to address them by collecting primary data. For example, focusing on the 

missing information about the business cost structure and discovering it through data 

collection. Another limitation, which can be solved in future research, is the limitation of the 

validity due to the limited field of view. The present work focuses on the value creation of five 

innovations. To analyze the value added by innovations in a Smart Sustainable City in a more 

precise way, a wider range of innovations of different types must be considered.  The second 

possibility for future research is to focus on the impact of the innovations on the three pillars 

of sustainability separately. In this way, the value creation through innovations in a Smart City 

can be divided into society, economy and environment. This helps to go into more detail about 

the impact of a single innovation on a specific target group and to better understand how value 
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is created. The third possibility would be to support the existing findings with primary data by 

conducting a long-term experiment to truly analysze whether the innovations lead to 

sustainable value creation in reality. Since the results will be depending on the micro and 

macro-environmental circumstances, the experiment needs to be conducted in different cultural 

areas, to be able to deliver independent research results. 

In conclusion, there is still a great deal of research potential in this area and, given its enormous 

relevance, the study should continue to be carried out from various perspectives and with 

different approaches.  

10. Review of the collaboration and motivation of this work 

The theme of sustainability, assigned at the beginning of this course, was not only a motive for 

academic research but above all a way of making everyone feel part of a group that wants to 

have objectives to change the world in its small way, improving it, looking towards the future. 

So, research after research, providing ideas to our teammates and working on what seemed to 

be suitable with our profile, the structure of the project became increasingly clear. 

Collaboration was the main driver of the research. It led to a general knowledge of the drafting 

process in a homogeneous way, with each component being interested in all subtopics. The 

initial motivations were different for each of the team members. They reflected interests, 

passions, character and academic backgrounds related to the underlying topic. However, it was 

not easy to link interests to knowledge to keep the research business-oriented. Learning from 

areas completely outside the comfort zone has been challenging but at the same time interesting 

and educational. We achieved new knowledge, that have never before been explored in fields 

such as engineering, architecture, or agriculture. The greatest success is to see what in the 

beginning was just an idea born from a theme, that of sustainability, become a working project 

full of passion, creativity, and research. Through the choice of these solutions presented, it was 

a challenge to try to get to the heart of the matter: Can we create value? Can we in this way 
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achieve sustainability goals linked to the SDGs that can one day give a better future to new 

generations, as the previous ones did not? This question was the driving force behind the 

research, which passionately tried to provide all the necessary points for as detailed an 

understanding as possible, albeit with significant limitations. All the subtopics could be 

explored in more detail. However, each of these innovations is more or less unexplored territory 

and this generated curiosity among the members throughout the drafting of the research. In the 

end, many points of initial prediction were mitigated by barriers that still drive society and 

governments. Personal motivations remain almost the same as at the beginning, albeit with 

much more awareness and knowledge of how processes work that are often taken for granted. 

  



 59 

11. Bibliography 

‘3 Ways Singapore Is Creating Food Security with Urban Farms — Quartz’. n.d. Accessed 7 
December 2021. https://qz.com/1985399/3-ways-singapore-is-creating-food-security-
with-urban-farms/. 

‘5 Problems Fintech Can Solve - Fintech In Banking | Hydrogen’. n.d. Accessed 12 November 
2021. https://www.hydrogenplatform.com/blog/5-problems--can-solve. 

‘2050 Long-Term Strategy’. n.d. Accessed 11 October 2021. https://ec.europa.eu/clima/eu-
action/climate-strategies-targets/2050-long-term-strategy_en. 

‘About Us | Tomorrow’. n.d. Accessed 31 October 2021. https://www.tomorrow.one/en-
EU/about-us/. 

‘About Us: “Let’s Change the (Financial) World Together” | Tomorrow’. n.d. Accessed 25 
October 2021. https://www.tomorrow.one/en-EU/about-us/. 

Ahad, Mohd, Sara Paiva, Gautami Tripathi, and Noushaba Feroz. 2020. ‘Enabling 
Technologies and Sustainable Smart Cities’. Sustainable Cities and Society 61 (June): 
102301. https://doi.org/10.1016/j.scs.2020.102301. 

Alstyne, Marshall W. Van, Geoffrey G. Parker, and Sangeet Paul Choudary. 2016. ‘Pipelines, 
Platforms, and the New Rules of Strategy’. Harvard Business Review, 1 April 2016. 
https://hbr.org/2016/04/pipelines-platforms-and-the-new-rules-of-strategy. 

‘Ana Trbović’. 2019. European Institute of Innovation & Technology (EIT). 30 August 2019. 
https://eit.europa.eu/innoveit/speakers/ana-trbovic. 

Andoni, Merlinda, Valentin Robu, David Flynn, Simone Abram, Dale Geach, David Jenkins, 
Peter McCallum, and Andrew Peacock. 2019. ‘Blockchain Technology in the Energy 
Sector: A Systematic Review of Challenges and Opportunities’. Renewable and 
Sustainable Energy Reviews 100 (February): 143–74. 
https://doi.org/10.1016/j.rser.2018.10.014. 

‘Ansoff Matrix’. n.d. Corporate Finance Institute. Accessed 13 November 2021. 
https://corporatefinanceinstitute.com/resources/knowledge/strategy/ansoff-matrix/. 

Athanasopoulou, A., W. a. G. A. Bouwman, F. A. Nikayin, and G. A. de Reuver. 2016. ‘The 
Disruptive Impact of Digitalization on the Automotive Ecosystem: A Research Agenda 
on Business Models, Platforms and Consumer Issues’. Proceedings of the 29th Bled 
EConference. https://repository.tudelft.nl/islandora/object/uuid%3Af3ea610b-e7d8-
466b-87e4-8ec6c0450be9. 

‘Banking for a better future | Tomorrow’. n.d. Accessed 25 October 2021a. 
https://www.tomorrow.one/de-DE/. 

‘———’. n.d. Accessed 26 October 2021b. https://www.tomorrow.one/de-DE/. 
‘———’. n.d. Accessed 26 October 2021. https://www.tomorrow.one/de-DE/. 
Bassas, Ester, Jones Patterson, and Philippe Jones. n.d. ‘A Review of the Evolution of Green 

Residential Architecture | Elsevier Enhanced Reader’. Accessed 7 December 2021. 
https://doi.org/10.1016/j.rser.2020.109796. 

‘Beyond Smart Cities: Why Smart and Sustainable Cities Are the Way Forward’. n.d. Smart 
Cities World. Accessed 5 December 2021. 
https://www.smartcitiesworld.net/opinions/opinions/beyond-smart-cities-why-smart-
and-sustainable-cities-are-the-way-forward. 

Bhatele, Kirti Raj, and Harsh Shrivastava. 2019. ‘The Role of Artificial Intelligence in Cyber 
Security’. In , 170–92. https://doi.org/10.4018/978-1-5225-8241-0.ch009. 

Boratyńska, Katarzyna. 2019. ‘Impact of Digital Transformation on Value Creation in Fintech 
Services: An Innovative Approach’. Journal of Promotion Management 25 (5): 631–
39. https://doi.org/10.1080/10496491.2019.1585543. 

‘Bosco Verticale (Vertical Forest), Milan’. n.d. Greenroofs.Com. Accessed 7 December 2021. 



 60 

https://www.greenroofs.com/projects/bosco-verticale-vertical-forest-milan/. 
‘BTC_SDG_2.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-

site.s3.amazonaws.com/documents/348/english_attachments/BTC_SDG_2.pdf?15376
27316. 

‘BTC_SDG_4.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-
site.s3.amazonaws.com/documents/350/english_attachments/BTC_SDG_4.pdf?15376
27372. 

‘BTC_SDG_6.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-
site.s3.amazonaws.com/documents/352/english_attachments/BTC_SDG_6.pdf?15376
27424. 

‘BTC_SDG_7.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-
site.s3.amazonaws.com/documents/353/english_attachments/BTC_SDG_7.pdf?15376
27453. 

‘BTC_SDG_9.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-
site.s3.amazonaws.com/documents/355/english_attachments/BTC_SDG_9.pdf?15376
27502. 

‘BTC_SDG_11.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-
site.s3.amazonaws.com/documents/357/english_attachments/BTC_SDG_11.pdf?1537
627557. 

‘BTC_SDG_13.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-
site.s3.amazonaws.com/documents/358/english_attachments/BTC_SDG_13.pdf?1537
627579. 

‘BTC_SDG_16.Pdf’. n.d. Accessed 24 October 2021. https://btca-production-
site.s3.amazonaws.com/documents/359/english_attachments/BTC_SDG_16.pdf?1537
627598. 

‘Bundesnetzagentur - About Us’. n.d. Accessed 10 November 2021. 
https://www.bundesnetzagentur.de/EN/Areas/Energy/AboutUs/aboutus-node.html. 

Câmara Municipal de Lisboa. n.d. ‘Sumário Executivo: Zona de Emissões Reduzidas’. 
Cann, Oliver. 2016. ‘What Is Competitiveness?’ World Economic Forum, September. 

https://www.weforum.org/agenda/2016/09/what-is-competitiveness/. 
Chomko, Roy. 2012. ‘Maintaining an App Is Critical to Its Overall Success | Fierce Wireless’. 

2012. https://www.fiercewireless.com/developer/maintaining-app-critical-to-its-
overall-success. 

Christidis, Konstantinos, Dimitrios Sikeridis, Yun Wang, and Michael Devetsikiotis. 2021. ‘A 
Framework for Designing and Evaluating Realistic Blockchain-Based Local Energy 
Markets’. Applied Energy 281 (January): 115963. 
https://doi.org/10.1016/j.apenergy.2020.115963. 

Ciaglia, Massimo. 2020. ‘Investire in Italia: i problemi più comuni | The Startup Canvas’. The 
Startup Canvas It (blog). 26 February 2020. 
https://thestartupcanvas.com/it/blog/2020/02/26/investire-in-italia-i-problemi-piu-
comuni/. 

‘Climate Effects on Health | CDC’. 2021. 3 March 2021. 
https://www.cdc.gov/climateandhealth/effects/default.htm. 

Cohen, Boyd. 2018. ‘Blockchain Cities and the Smart Cities Wheel’. Medium (blog). 6 May 
2018. https://boydcohen.medium.com/blockchain-cities-and-the-smart-cities-wheel-
9f65c2f32c36. 

CP. 2019. ‘Relatório de Sustentabilidade’. 
Cristina Chueca Vergara. 2021. ‘Fintech and Sustainability: Do They Affect Each Other?’ 

Sustainability 13 (13): 7012. https://doi.org/10.3390/su13137012. 
Demirguc-Kunt, Asli, Leora Klapper, Dorothe Singer, Saniya Ansar, and Jake Hess. 2018. The 



 61 

Global Findex Database 2017: Measuring Financial Inclusion and the Fintech 
Revolution. The World Bank. https://doi.org/10.1596/978-1-4648-1259-0. 

‘Demolire la casa e ricostruirla »Costi e esempio di prezzo’. 2021. quante.uno. 16 February 
2021. https://quante.uno/demolire-la-casa-e-costruirne-una-nuova-costi-e-esempio-di-
prezzo. 

Despommier, Dickson. 2019. ‘Vertical Farms, Building a Viable Indoor Farming Model for 
Cities’. Field Actions Science Reports. The Journal of Field Actions, no. Special Issue 
20 (September): 68–73. 

Donovan, E. 2020. ‘Explaining Sustainable Architecture’. IOP Conference Series: Earth and 
Environmental Science 588 (3): 032086. https://doi.org/10.1088/1755-
1315/588/3/032086. 

‘ECF Farm Berlin | Urban Farming trifft Aquaponik!’ n.d. Homepage, Info page. ECF Farm 
Berlin. Accessed 12 December 2021. https://www.ecf-farm.de. 

‘EEA Greenhouse Gases - Data Viewer — European Environment Agency’. n.d. Dashboard 
(Tableau). Accessed 31 October 2021. https://www.eea.europa.eu/data-and-
maps/data/data-viewers/greenhouse-gases-viewer. 

‘Electricity Law and Regulation in Germany | CMS Expert Guides’. n.d. Accessed 1 December 
2021. https://cms.law/en/int/expert-guides/cms-expert-guide-to-electricity/germany. 

en, Franklin, Asli Demirguc-Kunt, Leora Klapper, and Maria Soledad Martinez Peria. 2012. 
The Foundations of Financial Inclusion: Understanding Ownership and Use of Formal 
Accounts. Policy Research Working Papers. The World Bank. 
https://doi.org/10.1596/1813-9450-6290. 

Energy, Federal Ministry for Economics Affairs and. n.d. ‘An Electricity Grid for the Energy 
Transition’. Accessed 7 November 2021. 
https://www.bmwi.de/Redaktion/EN/Dossier/grids-grid-expansion.html. 

‘EU Mission: Climate-Neutral and Smart Cities | European Commission’. n.d. Accessed 11 
October 2021. https://ec.europa.eu/info/research-and-innovation/funding/funding-
opportunities/funding-programmes-and-open-calls/horizon-europe/missions-horizon-
europe/climate-neutral-and-smart-cities_en. 

European Comission. 2019. ‘The European Green Deal’. 
https://ec.europa.eu/info/sites/default/files/european-green-deal-
communication_en.pdf. 

———. n.d. ‘Energy Transition in Cities’. Text. European Commission - European 
Commission. Accessed 7 December 2021. https://ec.europa.eu/info/eu-regional-and-
urban-development/topics/cities-and-urban-development/priority-themes-eu-
cities/energy-transition-cities_en. 

European Commission. Joint Research Centre. 2020. JEC Well-to-Tank Report V5: JEC Well 
to Wheels Analysis : Well to Wheels Analysis of Future Automotive Fuels and 
Powertrains in the European Context. LU: Publications Office. 
https://data.europa.eu/doi/10.2760/959137. 

European Environment Agency. 2019. ‘1.A.3.b.i-Iv Road Transport 2019 — European 
Environment Agency’. File. 2019. https://www.eea.europa.eu/publications/emep-eea-
guidebook-2019/part-b-sectoral-guidance-chapters/1-energy/1-a-combustion/1-a-3-b-
i/view. 

‘Eventhorizon Summit’. 2017. Eventhorizon Summit (blog). 2017. 
https://eventhorizonsummit.com/speakers-2017/. 

EY Mobility Knowledge Team. 2020. ‘Micromobility: Moving Cities into a Sustainable 
Future’. https://assets.ey.com/content/dam/ey-sites/ey-com/en_gl/topics/automotive-
and-transportation/automotive-transportation-pdfs/ey-micromobility-moving-cities-
into-a-sustainable-future.pdf. 



 62 

EY Portugal. 2021. ‘Future of Mobility Think Thank: Novos Rumos Para a Mobilidade Em 
Portugal’. 

‘FAQ - Frequent Asked Questions’. n.d. Freight Farms. Accessed 7 December 2021. 
https://www.freightfarms.com/faq. 

‘Financial Innovation and FinTech’. 2019. European Banking Authority. 1 April 2019. 
https://www.eba.europa.eu/financial-innovation-and- 

‘Fintech and Sustainable Development: Assessing the Implications - Summary’. n.d., 12. 
‘FinTech Eco-System Stakeholders|Fintech Egypt’. n.d. Accessed 12 November 2021. https://-

egypt.com/ecosystem/. 
‘FlexiDAO | Renewable Energy Monitoring Software’. n.d. Accessed 13 November 2021. 

https://www.flexidao.com/. 
Foster, Katherine, Sofie Blakstad, Martijn Bos, and Sangita Gazi. 2021. ‘BigFintechs and Their 

Impacts on Sustainable Development’. SSRN Electronic Journal. 
https://doi.org/10.2139/ssrn.3871385. 

Fraga-Lamas, Paula, and Tiago M. Fernández-Caramés. 2020. Leveraging Blockchain for 
Sustainability and Open Innovation: A Cyber-Resilient Approach toward EU Green 
Deal and UN Sustainable Development Goals. Computer Security Threats. IntechOpen. 
https://doi.org/10.5772/intechopen.92371. 

FundedByMe. n.d. ‘Fuel Your Company’s Growth through Investment!’ Accessed 7 December 
2021. https://www.fundedbyme.com/. 

‘Gärtner Gehalt - Alles Zum Verdienst’. n.d. Accessed 7 December 2021. 
https://www.gehaltsvergleich.com/gehalt/Gaertner-Gaertnerin-Garten-und-
Landschaftsbau/Schleswig-Holstein. 

‘Gartner Hype Cycle Research Methodology’. n.d. Gartner. Accessed 7 December 2021. 
https://www.gartner.com/en/research/methodologies/gartner-hype-cycle. 

GDFA. 2020. ‘Green Digital Finance Alliance (GDFA)’. Green Finance Platform. 10 February 
2020. https://www.greenfinanceplatform.org/organization/green-digital-finance-
alliance-gdfa. 

‘German Utilities and the Energiewende’. 2015. Clean Energy Wire. 9 January 2015. 
https://www.cleanenergywire.org/factsheets/german-utilities-and-energiewende. 

‘Germany’s Largest Utilities at a Glance’. 2017. Clean Energy Wire. 11 May 2017. 
https://www.cleanenergywire.org/factsheets/germanys-largest-utilities-glance. 

Ghahroud, Majid Lotfi, Farzad Jafari, and Jamal Maghsoodi. 2021. ‘Review of the Fintech 
Categories and the Most Famous Fintech Start-Ups’. Journal of FinTech and Artificial 
Intelligence 1 (1): 7–7. 

Giffinger, Rudolph. 2015. ‘European Smart Cities 4.0 (2015)’. Centre of Regional Science, 
Viennna University of Technology. http://smart-cities.eu/?cid=2&ver=4. 

‘Global Smart City Revenue 2020-2025’. n.d. Statista. Accessed 17 November 2021. 
https://www-statista-com.eu1.proxy.openathens.net/statistics/1111626/worldwide-
smart-city-market-revenue/. 

‘Goal 3 | Department of Economic and Social Affairs’. n.d. Accessed 7 December 2021. 
https://sdgs.un.org/goals/goal3. 

‘Goal 7 | Department of Economic and Social Affairs’. n.d. Accessed 7 December 2021. 
https://sdgs.un.org/goals/goal7. 

‘Goal 8 | Department of Economic and Social Affairs’. n.d. Accessed 7 December 2021. 
https://sdgs.un.org/goals/goal8. 

‘Goal 9 | Department of Economic and Social Affairs’. n.d. Accessed 7 December 2021. 
https://sdgs.un.org/goals/goal9. 

‘Goal 11 | Department of Economic and Social Affairs’. n.d. Accessed 7 December 2021. 
https://sdgs.un.org/goals/goal11. 



 63 

‘Google Trends’. n.d. Google Trends. Accessed 7 December 2021. 
https://trends.google.es/trends/explore?date=all&q=biophilic%20design. 

‘Greenhouse Gas Emission Intensity of Electricity Generation in Europe’. n.d. Accessed 13 
December 2021. https://www.eea.europa.eu/ims/greenhouse-gas-emission-intensity-
of-1. 

‘Grid Singularity’. n.d. GitHub. Accessed 10 November 2021a. 
https://github.com/gridsingularity. 

‘———’. n.d. Accessed 1 November 2021b. https://gridsingularity.com/company/our-
approach. 

‘Grid Singularity - Crunchbase Company Profile & Funding’. n.d. Crunchbase. Accessed 1 
November 2021. https://www.crunchbase.com/organization/grid-singularity. 

‘Grid Singularity GmbH - Company Profile and News’. n.d. Bloomberg.Com. Accessed 12 
December 2021. https://www.bloomberg.com/profile/company/1628020D:AV. 

‘Grid Singularity GmbH, Berlin, Germany’. n.d. Www.Northdata.Com. Accessed 12 
December 2021. 
https://www.northdata.com/Grid+Singularity+GmbH,+Berlin/Amtsgericht+Charlotte
nburg+%28Berlin%29+HRB+190355+B. 

‘Grid Singularity Mission - Grid Singularity Wiki’. n.d. Accessed 7 December 2021. 
https://gridsingularity.github.io/gsy-e/documentation/. 

‘Grid Singularity Technical Approach - Grid Singularity Wiki’. n.d. Accessed 1 November 
2021a. https://gridsingularity.github.io/d3a/technical-approach/. 

‘———’. n.d. Accessed 8 December 2021b. https://gridsingularity.github.io/gsy-e/technical-
approach/. 

‘Grid Singularity Vision - Grid Singularity Wiki’. n.d. Accessed 1 November 2021. 
https://gridsingularity.github.io/d3a/vision/. 

‘Grundstückspreise Stormarn - Stand: Dez. 2021’. n.d. Accessed 7 December 2021. 
https://www.aktuelle-grundstueckspreise.de/deutschland/schleswig-holstein/stormarn. 

Guerrero, Jaime, Gaurav Sharma, and Pricila de Pinho. n.d. ‘Vertical Indoor Farming Is Good 
for the Planet | Accenture’. Case Study. Accnture Business Case. Accessed 7 December 
2021. https://www.accenture.com/us-en/blogs/chemicals-and-natural-resources-
blog/vertical-farming. 

Hall, Alan. 2012. ‘5 Ways of Funding A Business: How To Get Your Piece Of The Pie’. Forbes. 
2012. https://www.forbes.com/sites/alanhall/2012/10/20/5-means-of-funding-a-small-
business-how-to-get-your-piece-of-the-pie/. 

He, Zheng, Zhengkai Liu, Hui Wu, Xiaomin Gu, Yuanjun Zhao, and Xiaoguang Yue. 2020. 
‘Research on the Impact of Green Finance and Fintech in Smart City’. Edited by Zhihan 
Lv. Complexity 2020 (December): 1–10. https://doi.org/10.1155/2020/6673386. 

Heineke, Kersten, and Philipp Kampshoff. 2019. ‘The Coming Trends of Mobility 
Transformation: Mobility’s Autonomous Future | McKinsey’. 3 August 2019. 
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-
trends-transforming-mobilitys-future. 

Hertzke, Patrick, Martin Linder, and Shivika Sahdev. 2019. ‘The Coming Trends of Mobility 
Transformation: Bending the Cost Curve for Electric Vehicles | McKinsey’. 3 August 
2019. https://www.mckinsey.com/industries/automotive-and-assembly/our-
insights/the-trends-transforming-mobilitys-future. 

Höjer, Mattias, and Josefin Wangel. 2014. ‘Smart Sustainable Cities: Definition and 
Challenges’. In Advances in Intelligent Systems and Computing, 310:333–49. 
https://doi.org/10.1007/978-3-319-09228-7_20. 

‘How Much Does App Maintenance Cost In 2021?’ 2021. MobileAppDaily. 2021. 
https://www.mobileappdaily.com/cost-to-maintain-an-app. 



 64 

‘I Paesi Scandinavi: partner commerciali vincenti’. 2020. Farexport (blog). 30 January 2020. 
https://www.farexport.it/paesi-scandinavi-partner-commerciali-vincenti/. 

‘Impact Report | Februar 2021 | Tomorrow’. n.d. Accessed 26 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-februar-2021/. 

‘Impact Report | Juni 2021 | Tomorrow’. n.d. Accessed 27 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-juni-2021/. 

‘Impact Report August 2020 | Tomorrow’. n.d. Accessed 27 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-august-2020/. 

‘Impact Report Dezember 2020 | Tomorrow’. n.d. Accessed 26 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-dezember-2020/. 

‘Impact Report Januar 2021 | Tomorrow’. n.d. Accessed 26 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-january-2021/. 

‘Impact Report Juli 2020 | Tomorrow’. n.d. Accessed 27 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-juli-2020/. 

‘Impact Report June 2020 | Tomorrow’. n.d. Accessed 26 October 2021. 
https://www.tomorrow.one/en-EU/magazine/impact-report-june-2020/. 

‘Impact Report Mai 2020 | Tomorrow’. n.d. Accessed 26 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-mai-2020/. 

‘Impact Report November 2020 | Tomorrow’. n.d. Accessed 27 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-november-2020/. 

‘Impact Report Oktober 2020 | Tomorrow’. n.d. Accessed 26 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-oktober-2020/. 

‘Impact Report September 2020 | Tomorrow’. n.d. Accessed 26 October 2021. 
https://www.tomorrow.one/de-DE/magazin/impact-report-september-2020/. 

‘Indoor Vertical Farming | VertiVegies | Singapore’. n.d. VertiVegies. Accessed 7 December 
2021. https://www.vertivegies.farm. 

Instituto Nacional de Estatística. 2018. ‘Mobilidade e Funcionalidade Do Território Nas Áreas 
Metropolitanas Do Porto e de Lisboa: 2017’. 2018. 
https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_publicacoes&PUBLICACO
ESpub_boui=349495406&PUBLICACOESmodo=2. 

‘Intelligent Assets: Unlocking the Circular Economy Potential’. n.d. Accessed 7 December 
2021a. https://ellenmacarthurfoundation.org/intelligent-assets-unlocking-the-circular-
economy-potential. 

‘Intelligent Assets: Unlocking the Circular Economy Potential’. n.d. World Economic Forum. 
Accessed 7 December 2021b. https://www.weforum.org/reports/intelligent-assets-
unlocking-the-circular-economy-potential/. 

‘Investment Calculator’. n.d. Freight Farms. Accessed 7 December 2021. 
https://www.freightfarms.com/investment-calculator. 

‘J3016C: Taxonomy and Definitions for Terms Related to Driving Automation Systems for 
On-Road Motor Vehicles - SAE International’. n.d. Accessed 11 November 2021. 
https://www.sae.org/standards/content/j3016_202104/. 

Jones, Martin. n.d. ‘10 Things to Consider in Planning and Building a Smart City’. Accessed 
12 November 2021. https://www.coxblue.com/10-things-to-consider-in-planning-and-
building-a-smart-city/. 

Jones, Peter. 2014. ‘The Evolution of Urban Mobility: The Interplay of Academic and Policy 
Perspectives | Elsevier Enhanced Reader’. 31 March 2014. 
https://doi.org/10.1016/j.iatssr.2014.06.001. 

Kalfirtova, Michala. n.d. ‘Current State of Fintech Trends in Europe – CompoSecure’. 
Accessed 28 October 2021. https://www.composecure.com/2021/04/13/current-state-
of--trends-in-europe/. 



 65 

Kamargianni, Maria, and Melinda Matyas. n.d. ‘The Business Ecosystem of Mobility-as-a-
Service’, 14. 

Kellert, Stephen. n.d. The Practice of Biophilic Design - A Simplified Framework. Accessed 7 
December 2021. https://www.biophilic-design.com. 

Kellert, Stephen R., Judith Heerwagen, and Martin Mador. 2011. Biophilic Design: The 
Theory, Science and Practice of Bringing Buildings to Life. John Wiley & Sons. 

Kirchhoff, Terri. n.d. ‘Keyless Infrastructure Security Solution (KISS)’, 24. 
Kumar, Nallapaneni Manoj, Aneesh A. Chand, Maria Malvoni, Kushal A. Prasad, Kabir A. 

Mamun, F. R. Islam, and Shauhrat S. Chopra. 2020. ‘Distributed Energy Resources and 
the Application of AI, IoT, and Blockchain in Smart Grids’. ENERGIES 13 (21): 5739. 
https://doi.org/10.3390/en13215739. 

Kyaw, Thu Ya, and Andrew Keong Ng. 2017. ‘Smart Aquaponics System for Urban Farming’. 
Energy Procedia, Leveraging Energy Technologies and Policy Options for Low 
Carbon Cities, 143 (December): 342–47. https://doi.org/10.1016/j.egypro.2017.12.694. 

Lee, Ju Young. n.d. ‘What Is Sustainable Innovation?’ Network for Business Sustainability. 
Accessed 5 December 2021. https://www.nbs.net/articles/what-is-sustainable-
innovation-and-how-to-make-innovation-sustainable. 

Lehner, Helmut. 2019. ‘Smart City - Combining Physical and Digital Infrastructure’. Most 
Advanced Connectivity and Subscription Management Platform of the Entire IoT 
Industry (blog). 28 May 2019. https://www.mavoco.com/smart-city-infrastructure/. 

‘Licensing and Open Source Ethos - Grid Singularity Wiki’. n.d. Accessed 1 November 2021. 
https://gridsingularity.github.io/d3a/licensing/. 

Liew, Peng Yen, Petar Sabav Varbanov, Aoife Foley, and Jiří Jaromír Klemeš. 2021. ‘Smart 
Energy Management and Recovery towards Sustainable Energy System Optimisation 
with Bio-Based Renewable Energy’. Renewable and Sustainable Energy Reviews 135 
(January): 110385. https://doi.org/10.1016/j.rser.2020.110385. 

Liu, Z., D. Wang, J. Wang, X. Wang, and H. Li. 2020. ‘A Blockchain-Enabled Secure Power 
Trading Mechanism for Smart Grid Employing Wireless Networks’. IEEE Access, 
Access, IEEE 8 (January): 177745–56. 
https://doi.org/10.1109/ACCESS.2020.3027192. 

Lobillo-Eguíbar, José, Víctor M. Fernández-Cabanás, Luis Alberto Bermejo, and Luis Pérez-
Urrestarazu. 2020. ‘Economic Sustainability of Small-Scale Aquaponic Systems for 
Food Self-Production’. Agronomy 10 (10): 1468. 
https://doi.org/10.3390/agronomy10101468. 

Madera Ing, Vincenzo, Madera Ing. 2021. ‘COSTI RISTRUTTURAZIONE EDILIZIA casa.’ 
Studio tecnico Madera. 15 February 2021. https://www.studiomadera.it/news/73-costo-
ristrutturazione. 

Martin, Sally, Jeffrey Martin, and Polin Lai. 2019. ‘International Container Design Regulations 
and ISO Standards: Are They Fit for Purpose?’ Maritime Policy & Management 46 (2): 
217–36. https://doi.org/10.1080/03088839.2018.1519862. 

McDonnell, Amanda Shendruk, Tim. n.d. ‘How Much Energy Does Bitcoin Use?’ Quartz. 
Accessed 7 December 2021. https://qz.com/2023032/how-much-energy-does-bitcoin-
use/. 

Mehrotra, Anupam, and Satish Menon. 2021. ‘Second Round of FinTech - Trends and 
Challenges’. In , 243–48. https://doi.org/10.1109/ICCAKM50778.2021.9357759. 

Mohseni, Hesam. 2021. ‘Public Engagement and Smart City Definitions: A Classifying Model 
for the Evaluation of Citizen Power in 2025 Tehran’. GeoJournal 86 (3): 1261–74. 
https://doi.org/10.1007/s10708-019-10126-x. 

Moreno, Ana Patricia. 2021. ‘Social Fintech: The new approach to reduce global poverty’. 22 
July 2021. https://social.org/social--reduce-global-proverty-part1/. 



 66 

Moro-Visconti, Roberto, Salvador Cruz Rambaud, and Joaquín López Pascual. 2020. 
‘Sustainability in FinTechs: An Explanation through Business Model Scalability and 
Market Valuation’. Sustainability 12 (24): 10316. 
https://doi.org/10.3390/su122410316. 

Nakamoto, Satoshi. 2008. ‘Bitcoin: A Peer-to-Peer Electronic Cash System’, 9. 
Nassiry, Darius. n.d. ‘The Role of Fintech in Unlocking Green Finance: Policy Insights for 

Developing Countries’, 27. 
Nations, United. n.d. ‘Sustainability’. United Nations. United Nations. Accessed 6 December 

2021. https://www.un.org/en/academic-impact/sustainability. 
‘Netzentwicklungsplan Strom 2035, Version 2021’. n.d., 228. 
Nieuweling, Carine. 2016. ‘Well-to-Wheels Analyses’. Text. EU Science Hub - European 

Commission. 14 November 2016. https://ec.europa.eu/jrc/en/jec/activities/wtw. 
Nijkamp, Peter, and Adriaan Perrels. 2014. Sustainable Cities in Europe. London: Routledge. 

https://doi.org/10.4324/9781315070513. 
Niño, Jonas Lopez, Jan Langthaler, Marcos Fabian, and Joaquin Mayorga. 2017. ‘AN 

OVERVIEW OF FINTECHS, THEIR BENEFITS AND RISKS’, 44. 
Oberti, Ilaria, and Michela Lecci. n.d. ‘WHEN THE GREEN ENTERS THE BUILDINGS: 

THE BENEFICIAL IMPACTS ON USERS’. Accessed 7 December 2021. 
https://re.public.polimi.it/retrieve/handle/11311/1127597/484972/ARTICOLO%20IM
PAGINATO%20%20IT_EN.pdf. 

‘Officially Good! Tomorrow Ist Jetzt Eine B Corp | Tomorrow’. n.d. Accessed 26 October 
2021. https://www.tomorrow.one/de-DE/magazin/updates-b-corp/. 

Oozou. n.d. ‘Estimate My App’. Estimate My App. Accessed 6 December 2021. 
https://estimatemyapp.com. 

O’Sullivan, Feargus, and Laura Bliss. 2020. ‘The 15-Minute City—No Cars Required—Is 
Urban Planning’s New Utopia’. Bloomberg.Com, 12 November 2020. 
https://www.bloomberg.com/news/features/2020-11-12/paris-s-15-minute-city-could-
be-coming-to-an-urban-area-near-you. 

‘Pak Choi online bestellen & liefern lassen | Bringmeister’. n.d. Accessed 7 December 2021. 
https://www.bringmeister.de/k/obst-und-gemuese/gemuese/kohlgemuese/pak-choi. 

PORDATA. 2021. ‘População Residente: Total e Por Grandes Grupos Etários’. 2021. 
https://www.pordata.pt/Municipios/Popula%C3%A7%C3%A3o+residente+total+e+p
or+grandes+grupos+et%C3%A1rios-390. 

Porter, Michael E., and Mark R. Kramer. 2011. ‘Creating Shared Value’. Harvard Business 
Review, 1 January 2011. https://hbr.org/2011/01/the-big-idea-creating-shared-value. 

Prakash, Anand. 2019. ‘Smart Cities Mission in India: Some Definitions and Considerations’. 
Smart and Sustainable Built Environment 8 (4): 322–37. 
https://doi.org/10.1108/SASBE-07-2018-0039. 

‘Regulation and Supervision of Fintech’. 2019, 16. 
Rogers, Everett M. 2003. Diffusion of Innovations, 5th Edition. Simon and Schuster. 
‘Save Money in the App with Pockets and Insights | Tomorrow’. n.d. Accessed 26 October 

2021. https://www.tomorrow.one/en-EU/banking/save-money/. 
‘Set-up and Challenges of Germany’s Power Grid’. 2015. Clean Energy Wire. 23 January 2015. 

https://www.cleanenergywire.org/factsheets/set-and-challenges-germanys-power-grid. 
Shirvell, Bridget. n.d. ‘The Indoor Farms Disrupting The Produce Industry’. Forbes. Accessed 

7 December 2021. https://www.forbes.com/sites/bridgetshirvell/2021/01/29/the-
indoor-farms-disrupting-the-produce-industry/. 

Shivakumar, Abhishek, Audrey Dobbins, Ulrich Fahl, and Antriksh Singh. 2019. ‘Drivers of 
Renewable Energy Deployment in the EU: An Analysis of Past Trends and 
Projections’. Energy Strategy Reviews 26 (November): 100402. 



 67 

https://doi.org/10.1016/j.esr.2019.100402. 
Shurmer, Alun. 2004. ‘C-Charge Celebrates Successful First Year’. Transport for London. 

2004. https://tfl.gov.uk/info-for/media/press-releases/2004/february/ccharge-
celebrates-successful-first-year. 

Singularity, Grid. 2021a. ‘Grid Singularity and Rebase Energy Awarded 2021 AI4Cities 
Grant’. Medium (blog). 4 May 2021. https://gridsingularity.medium.com/grid-
singularity-and-rebase-energy-awarded-2021-ai4cities-grant-4e0aa1cf3240. 

———. 2021b. ‘You Are Energy.’ Medium (blog). 28 October 2021. 
https://gridsingularity.medium.com/you-are-energy-db950f94fca9. 

‘Slack’. n.d. Accessed 10 November 2021. https://gsycommunity.slack.com/forgot/check. 
smartcity. 2021. ‘Bringing Biophilic Design into Smart Cities | Smart City’. 28 July 2021. 

https://smartcity.press/biophilic-design-cities/. 
Staff, Pacific Standard. n.d. ‘The Unlikely Fish-Farming Start-Up in the Middle of Berlin’. 

Pacific Standard. Accessed 7 December 2021. https://psmag.com/news/the-unlikely-
fish-farming-start-up-in-the-middle-of-berlin. 

‘State of Fintech’. n.d. Toptal Finance Blog. Accessed 2 November 2021. 
https://www.toptal.com/finance/market-research-analysts/-landscape. 

‘State of the Energy Union 2021’. n.d. Text. European Commission - European Commission. 
Accessed 7 December 2021. 
https://ec.europa.eu/commission/presscorner/detail/en/IP_21_5554. 

Stein, Eric. 2021. ‘The Transformative Environmental Effects Large-Scale Indoor Farming 
May Have On Air, Water, and Soil’. Air, Soil and Water Research 14 (March): 
117862212199581. https://doi.org/10.1177/1178622121995819. 

Stezycki, Pawel. n.d. ‘Sustainable Finance – How Fintech Companies Can Make an Impact’. 
Accessed 5 October 2021. https://www.netguru.com/blog/sustainable-finance. 

‘Stromanbieter Bargteheide 2021 - Strompreise vergleichen’. n.d. Stromauskunft.de. Accessed 
7 December 2021. https://www.stromauskunft.de/de/stadt/stromanbieter-in-
bargteheide/. 

‘Support’. n.d. Tomorrow. Accessed 25 October 2021. 
https://support.tomorrow.one/en/support/solutions. 

‘Sustainable Smart Cities | UNECE’. n.d. Accessed 2 December 2021. 
https://unece.org/housing/sustainable-smart-cities. 

Tal, Alon. 2018. ‘Making Conventional Agriculture Environmentally Friendly: Moving 
beyond the Glorification of Organic Agriculture and the Demonization of Conventional 
Agriculture’. Sustainability 10 (4): 1078. https://doi.org/10.3390/su10041078. 

‘THE 17 GOALS | Sustainable Development’. n.d. Accessed 13 November 2021. 
https://sdgs.un.org/goals. 

‘The Paris Agreement | UNFCCC’. n.d. Accessed 7 December 2021. https://unfccc.int/process-
and-meetings/the-paris-agreement/the-paris-agreement. 

‘The SUMP Concept | Eltis’. n.d. Accessed 6 December 2021. https://www.eltis.org/mobility-
plans/sump-concept. 

Tiago, Mariana Marques. 2021. ‘Passe dos transportes de Lisboa vai dar para as deslocações 
em bicicleta ou trotineta da Bolt’. PÚBLICO. 2021. 
https://www.publico.pt/2021/07/12/local/noticia/passe-transportes-lisboa-vai-dar-
deslocacoes-bicicleta-trotinete-bolt-1970063. 

‘Tomorrow Case Study | Solarisbank’. n.d. Accessed 25 October 2021. 
https://www.solarisbank.com/en/case-studies/tomorrow/. 

‘Tomorrow Competitors, Revenue, Alternatives and Pricing’. n.d. Accessed 25 October 2021. 
https://growjo.com/company/Tomorrow. 

Transport for London. n.d. ‘Congestion Charge (Official)’. Transport for London. Accessed 14 



 68 

November 2021. https://www.tfl.gov.uk/modes/driving/congestion-charge. 
Ulrich, Roger S. 1984. ‘View Through a Window May Influence Recovery from Surgery’. 

Science 224 (4647): 420–21. https://doi.org/10.1126/science.6143402. 
‘UNDP-UNCDF-TP-1-1-Annexes1-6-BigFintechs-and-Their-Impacts-on-Sustainable-

Development-EN.Pdf’. n.d. Accessed 9 October 2021. 
https://www.undp.org/sites/g/files/zskgke326/files/2021-07/UNDP-UNCDF-TP-1-1-
Annexes1-6-BigFintechs-and-Their-Impacts-on-Sustainable-Development-EN.pdf. 

UNEP. 2017. ‘Fintech and Sustainable Development: Assessing the Implications - Summary’. 
UNEP - UN Environment Programme. 16 September 2017. 
http://www.unep.org/resources/report/-and-sustainable-development-assessing-
implications-summary. 

UNFCCC. n.d. ‘What Is the Kyoto Protocol? | UNFCCC’. Accessed 6 December 2021. 
https://unfccc.int/kyoto_protocol. 

United Nations. 2015. ‘Paris Agreement’. 
———. n.d. ‘#Envision2030 Goal 8: Decent Work and Economic Growth | United Nations 

Enable’. Accessed 18 November 2021a. 
https://www.un.org/development/desa/disabilities/envision2030-goal8.html. 

———. n.d. ‘#Envision2030 Goal 11: Sustainable Cities and Communities | United Nations 
Enable’. Accessed 18 November 2021b. 
https://www.un.org/development/desa/disabilities/envision2030-goal11.html. 

‘———’. n.d. Accessed 3 December 2021c. 
https://sustainabledevelopment.un.org/content/documents/2655SDG_Compendium_D
igital_Financial_Inclusion_September_2018.pdf. 

———. n.d. ‘United Nations Conference on Environment and Development, Rio de Janeiro, 
Brazil, 3-14 June 1992’. United Nations. United Nations. Accessed 6 December 2021d. 
https://www.un.org/en/conferences/environment/rio1992. 

———. n.d. ‘United Nations Conference on the Human Environment, Stockholm 1972’. 
United Nations. United Nations. Accessed 6 December 2021e. 
https://www.un.org/en/conferences/environment/stockholm1972. 

‘Unsere Crowdinvesting Kampagne’. n.d. Tomorrow. Accessed 25 October 2021. 
https://support.tomorrow.one/de/support/solutions/articles/15000037545-unsere-
crowdinvesting-kampagne. 

‘USD to EUR Exchange Rate’. n.d. Bloomberg.Com. Accessed 7 December 2021. 
https://www.bloomberg.com/quote/USDEUR:CUR. 

‘Vertical Forest | Stefano Boeri Architetti’. n.d. Accessed 7 December 2021. 
https://www.stefanoboeriarchitetti.net/en/project/vertical-forest/. 

Virtanen, Pirjo Kristiina, Laura Siragusa, and Hanna Guttorm. 2020. ‘Introduction: Toward 
More Inclusive Definitions of Sustainability’. Current Opinion in Environmental 
Sustainability, Indigenous Conceptualizations of ‘Sustainability’, 43 (April): 77–82. 
https://doi.org/10.1016/j.cosust.2020.04.003. 

Voci, Maria Chiara. 2021. ‘La città futura trova spazio in altezza tra orti, piazze sociali e 
megastore’. Il Sole 24 ORE. 28 October 2021. https://www.ilsole24ore.com/art/la-
citta-futura-trova-spazio-altezza-orti-piazze-sociali-e-megastore-AECP4Yr. 

vsaraogi. n.d. ‘How Banks Can Offset Their Carbon Emissions amid the Current Climate 
Crisis’. Accessed 23 October 2021. https://member..global/2021/07/21/how-banks-
can-offset-their-carbon-emissions-amid-the-current-climate-crisis/. 

WCED. 1987. ‘Our Common Future’. 
‘What Is Green Building?’ n.d. World Green Building Council. Accessed 7 December 2021. 

https://www.worldgbc.org/what-green-building. 
‘What Is LEED? | U.S. Green Building Council’. n.d. Accessed 7 December 2021. 



 69 

https://www.usgbc.org/help/what-leed. 
‘What Is SWOT Analysis? - The British Library’. n.d. Accessed 13 December 2021. 

https://www.bl.uk/business-and-ip-centre/articles/what-is-swot-analysis. 
Whim. n.d. ‘Whim | Sustainability’. Whim Global. Accessed 16 November 2021. 

https://whimapp.com/sustainability/. 
Willsher, Kim. 2016. ‘Story of Cities #12: Haussmann Rips up Paris – and Divides France to 

This Day’. The Guardian, 31 March 2016, sec. Cities. 
https://www.theguardian.com/cities/2016/mar/31/story-cities-12-paris-baron-
haussmann-france-urban-planner-napoleon. 

Yang, Qing, Hao Wang, Taotao Wang, Shengli Zhang, Xiaoxiao Wu, and Hui Wang. 2021. 
‘Blockchain-Based Decentralized Energy Management Platform for Residential 
Distributed Energy Resources in A Virtual Power Plant’. 
https://doi.org/10.1016/j.apenergy.2021.117026. 

Yang, Rulli, Kui Xia, and Hongxing Wen. 2016. ‘(PDF) Venture Capital, Financial Leverage 
and Enterprise Performance’. ResearchGate. 
https://doi.org/10.1016/j.procs.2016.07.048. 

Yildizbasi, Abdullah. 2021. ‘Blockchain and Renewable Energy: Integration Challenges in 
Circular Economy Era’. Renewable Energy 176 (October): 183–97. 
https://doi.org/10.1016/j.renene.2021.05.053. 

Zipper, David. 2018. ‘Is Helsinki’s MaaS App, Whim, the Future? - Bloomberg’. 2018. 
https://www.bloomberg.com/news/articles/2018-10-25/is-helsinki-s-maas-app-whim-
the-future. 

Appendices 

Appendix 1 General 

Appendix 1.1. Innovations Scorecard 

 

Appendix 4. Vertical Farming 

Appendix 4.1. Circular Economy Framework 
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Ellen MacArthur Foundation, SUN, and McKinsey Center for Business and Environment; Drawing from 
Braungart & McDonough, Cradle to Cradle (C2C) (‘Intelligent Assets: Unlocking the Circular Economy 
Potential’ n.d.)  

Appendix 4.2. Application of Circular Economy to the material flows of VIF (generic) 

 

Own interpretation of the Framework Circular Economy to a VIF 

 

 

Appendix 4.3. Application of Circular Economy to the material flows of Conventional 

Agriculture (generic) 
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Own interpretation of the Framework Circular Economy to a generic Conventional agricullture 

 

Appendix 4.4. VIF Business Model Canvas 

 

The business model Canvas is applied to the general technology VIF and its value proposition. Later, the business 
model refers to the calculation of free cash flow of one concrete VIF application 

 

Appendix 4.5. Extract of 10 years of CF scenarios and scalability calculation based on 

FF Greenery S (estimates appendix 4.13) 
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Full calculations can be provided upon request. 

 

 

 

 

 

 

 

 

 

 

 

Appendix 4.6. Pictures of Freight Farm systems which are designed into Freight 

containers and represent aquaponics  
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Source: (‘Investment Calculator’ n.d.)  

Appendix 4.7. Picture of Aeroponics 

The roots hang through the air into the water where nutrients can be absorbed. 

 

Source: (‘How to Grow Hydroponic Lettuce | High Tech Gardening’ n.d.) 

Appendix 4.8. Singaporean super firm “Vertivegies”  
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Source: (Vertivegies, 2021) 

Appendix 4.9. Interview Yasser Chehade, Entrepreneur  

Phone interview, December 4th, 2021. Full transcript can be provided upon request. 

Main insights: well, as an engineer and procurement lead dealing with mainly renewables energies I contribute 
positively to sustainability … In the practices of being an entrepreneur I mainly focus on software solutions … of 
course there are some aspects such as weight of data or electricity draw etc. but this is not the main concern… I 
am not the typical investor for VIF but the idea sounds tempting. In fact, I heard of it … if I would have the 
knowledge and would deal more with food this would be considerable … hurdle of buying the facilities might be 
prevalent but as an engineer, I might would set up my own VIF… I also think of software and its ingenuity of it 
as well as the brand-building as this technology might be too abstract for some clients …  

Appendix 4.10. Interview Joscha Bröhrmann, Founder of Tahibi 

Phone interview, November 13th 2021. Full transcript can be provided upon request. 

Main insights: I see myself as a contributor to sustainability in 2 ways… First, I am an engineer focussing on 
renewables… second, our platform Tahibi benefits vendors, that produce regional … I heard about VIF and I 
believe in the benefits, in fact, I believe that this is a key technology that has positive environmental implications 
and this will, in the near future, lead to a more widely accepted application … if the quality and the freshness is 
even better than conventional food, then I would even pay a bit more as a customer … I could see vendors that 
base their business on VIF on Tahibi because of regionality decentralization and quality … Hurdles might be real 
estate and property … 

Appendix 4.11. Interview Rick Trenchard, Lead Sales Freight Farms and Harrie 

Rademaekers, Founder of a business based freight Farms and audience 

Interview between the professionals also answering the questions from the audience, webinar, November 23th 
2021. Full transcript can be provided upon request. 

Main insights: the great thing is that people can be successful with something environmentally valuable… the 
shipping is dependent on the country you live in challenging or not. You can either try to organize it yourself or 
FF will help you with that … also, the conditions for funding and launching a business abound to the local 
regulators, so establish a good relationship with them … The solidness of your business model should be 
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absolutely spot on. I spent four months on it trying to capture as much value as I can. A lot of people fail because 
they don’t achieve the prices but this is due to improper research on the business plan. Luckily FF will help you 
with that and supply you with all the necessary tools for your success. But doing your homework with the business 
model is crucial as this is a money-printing device… And don’t focus on the grocery stores too much as they don’t 
represent the best clients for VIF … rather end to end clients or high-class restaurants, or firms … 

Appendix 4.12. Interview Rachel Wisentaner, Key Account Manager Freight Farms 

Video call, December 7th 202. Full transcript can be provided upon request. 

Main insights: the first thing to do is to develop a business plan and we will help the users free of charge… 
understanding the market is crucial… yes, the Greenery S has its price, in fact, next year it is going to be 20k more 
expensive, but consider what is included. Our service helps you build the business case, and we will serve you as 
consultants and educators … the payback period you calculated matches with our experience, which is usually 3 
years but rather because in the first 1-2 years there are learnings and due to that losses occur … users that buy the 
VIF from us are rather diverse: some want to have a side business, some are families that want to be a self-and 
communal food provider, some want to create a profitable business and scale … lots of clients of VIFs from us 
are direct customers and high-end restaurants … tax benefits are a benefit that many can use to further increase 
profitability but that varies depending on region …  

Appendix 4.13. List of estimates and measurements and its sources 

Cost $ €* Unit Source 
Sell price of Pak 
Choi  $           2,23   €      1,99  

Heads (250 
grams) 

(‘Pak Choi online bestellen & liefern lassen 
| Bringmeister’ n.d.) 

Electricity  $           0,44   €      0,39  kWh 
(‘Stromanbieter Bargteheide 2021 - 
Strompreise vergleichen’ n.d.) 

Labour  $         11,30  
 €    
10,09  

Professional 
gardener 

(‘Gärtner Gehalt - Alles Zum Verdienst’ 
n.d.) 

Rent**  $         38,14  
 €    
34,05    

(‘Grundstückspreise Stormarn - Stand: Dez. 
2021’ n.d.) 

Delivery & 
Distribution 

 $       
112,02  

 €  
100,00    estimate 

Packaging  $         10,52   €      9,39  1878 0,005 per unit (estimated) 

Other Expenses  $                -     €           -        

     

Calculations and descriptions 
*Exchange rate 
from 24h of Nov. 
2021  $           1,12   €      1,00    (‘USD to EUR Exchange Rate’ n.d.) 
**based on 
monnthly 
installment for ø 
price    

 €  
517,00  per m^2 

(‘Grundstückspreise Stormarn - Stand: Dez. 
2021’ n.d.) 

Container 
dimensions 2,4384 6,058 m (Martin, Martin, and Lai 2019) 

Container in m^2 14,7718272   m^2   

Years 20       
Interest 7%       

 

Appenndix 4.14 The Gap
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Own illustration of the research and funding gap 


