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Civilisation requires food security, food security depends on agriculture, and ag-
riculture depends on the environment and climate. Unsustainable food production
practices threaten ecosystems, biodiversity, climate, and global food security. In-
creases in urbanisation, the growing global population, and ageing populations
are also factors that must be considered in long-term oriented urban planning
strategies to confront food security. While the Sustainable Development Goals
offer a map to prosperity, the vertical tower farm (VTF) is a possible path in actu-

alising these goals.

A VTF is an agricultural operation in a tower, with its height greater than its width,
and consisting of 10 or more levels. It minimises horizontal land use and maxim-
ises the utility of vertical space. Essentially, a VTF is the combination of a modern
greenhouse and tower which utilises state-of-the-art technology and food produc-
tion practices. A VTF mimics natural processes that can transform waste streams
into valuable resources. It utilises freely available natural phenomena, energy-
efficient technology, and renewable energy to cut long term operational costs to
compensate for high start-up costs while reaching sustainability goals. The VTF
revolutionises food production offering local, fresh, and healthy food produced
sustainably, while also supporting food security, and is a long term investment for

future generations. However, the VTF remains in its conceptual stage.

This research aimed to develop a more comprehensive VTF understanding and
holistic view of its systems to build an updated perception. By gathering 53 VTF
publications representing the last 15 years of VTF thought, this research identi-
fied domains and categories of its systems. A SWOT analysis was used to go

Key words: Vertical Tower Farm, Sustainable Development Goals, Sustainabil-
ity, Food Security, Agriculture.



deeper and discover the opportunities and challenges of the VTF. Next, the weak-
nesses and threats from the SWOT analysis were addressed with its strengths
and opportunities. The results of the VTF domains and SWOT analysis led to the
development of a meta-level model describing the dimensions, modes, and driv-
ers of success for the VTF. Afterwards, there was a more profound discussion
updating current VTF thought and establishing a foundation to guide future re-

search, development, and innovation projects.

This research contributes to the emergence of the VTF field while also approach-
ing the Sustainable Development Goals through an updated holistic viewpoint
offering direction for future research. The findings suggest that it is essential for
future work to explore in greater detail the synergies that link the VTF business
model and its structural design. The meta-model framework "A Sustainable Or-
ganisation: The Dimensions, Modes, and Drivers of Success" (see Figure 20) and
the 4 domains of the VTF could work as a guiding tool for future researchers to
use and improve on. Finally, future work would benefit from collaborative multi-

disciplinary research, development, and innovation projects.
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1 INTRODUCTION

Civilisation requires food security, food security depends on agriculture, and ag-
riculture depends on the environment and climate. Unsustainable food production
practices threaten ecosystems, biodiversity, climate, and global food security. In-
creases in urbanisation, the growing global population, and ageing populations
are also factors that must be considered in long-term oriented urban planning
strategies to confront food security. These are some of the most demanding sus-
tainable development challenges of modern times. Modern capabilities must be
employed to shift away from food dependency on unsustainable practices. Na-
tions, urban planners, industries, and stakeholders need long-term oriented sus-
tainable alternatives to conventional agriculture to address food security. Failure
to do so will jeopardise the life on this planet and the wellbeing of future genera-

tions.

Currently, agriculture typically relies on tremendous amounts of land. Land use
comes at a price, and it is a trade-off with the environment. Therefore, a major
design challenge of modern agriculture is an innovation in the usage of space.
Historically, land use has been principally reliant on the horizontal space. Utilising
vertical space has become a new frontier in agriculture. In current times, the fea-
sibility of indoor agriculture has advanced in knowledge and technology. Now is
the time to merge the theoretical and the practical in addressing an immense

threat to food security and sustainability.

1.1 The Vertical Tower Farm

Towers can maximise capacity while minimising land use by benefiting from ver-
tical space. The vertical tower farm (VTF) concept could be a viable means of
addressing modern food security and sustainable development challenges while
also addressing their future implications. The VTF could be part of a long-term
oriented urban planning strategy. Essentially, a VTF is the combination of a mod-
ern greenhouse and tower, utilising state-of-the-art technology and food produc-
tion practices. A VTF mimics natural processes that can transform waste streams
into valuable resources. It utilises freely available natural phenomena, energy-
efficient technology, and renewable energy to cut long term operational costs to
compensate for high start-up costs while reaching sustainability goals. The VTF

revolutionises food production offering local, fresh, and healthy food, produced
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sustainably, while also supporting food security, and is a long term investment for
future generations. The materials, technologies, knowledge, and capacities that
are required currently exist that can transform this concept into a reality. Through
sustainable practices, a VTF could intensively produce an enormous amount of
food on a limited amount of land, both above and below ground. A VTF takes
agriculture from its two-dimensional application to three-dimensions, activating

volume space (see figure 1).

With a tower, it would be possible to compress the equivalent of 1 square kilome-
tre on 1 hectare of land. For example, if a tower were to have an area of 1 hectare
and a height of 100 meters, this makes for a volume-space equivalent to 100
hectares or 1 square kilometre. A VTF of these dimensions could conceivably
compensate 99 hectares of natural lands from destruction (Stewart Jr, 2020.) In
contrast, the average farm size in the US is 179 hectares (USDA, 2019), in Brazil
63 (Bento & Eduardo, 2016), in France 54.5 (Momagri, 2012), in Estonia 48 (AS
SEB Pank, 2013), and Finland 36 (eurostat, 2018). Although in practice, these
farm sizes will vary, they still give an impression of the situation. As in the men-
tioned example, the VTF would account for about 0.6% of the average farmland
in the US, 1.6% in Brazil, 1.9% in France, 2.1% in Estonia, and 2.8% in Finland.



R.G. Stewart Jr, 2020

Figure 1. Artists rendition of an urban VTF.

1.2 The Sustainable Development Goals

Implementing the VTF concept could support the world in reaching the Sustaina-
ble Development Goals (SDGs). The SDGs were adopted in 2015 by the United
Nations and are an initiative to advance global prosperity and environmental pro-
tection by 2030. The 17 SDGs are a framework intended to guide decision-mak-
ing towards shaping a better world for both people and nature. The SDGs recog-
nise that reaching these goals requires a holistic approach, addressing the eco-
nomic, social, and environmental dimensions of sustainability (United Nations,
2020.)
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The VTF concept directly addresses 10 of the 17 SDGs, which accounts for al-
most 60%, and includes the following:

e Goal 2, Zero Hunger
Currently, there has been an increase in global hunger, malnutrition of millions of
children, and a global decrease in agricultural investments. There is an urgent
need to expand investments in infrastructure and technology that would support
sustainable agriculture (United Nations, 2019a.)

e Goal 6, Clean Water and Sanitation
Water is rising in demand globally. At current efforts, it is unpromising that most
nations will reach this SDG by 2030. Therefore, it is crucial to address threats to
water security by improving water resource management (United Nations,
2019b.)

o Goal 7, Affordable and Clean Energy
This goal aims to expand infrastructure and support investment in renewable and
efficient energy. Accelerated development and enhanced enthusiasm are re-
quired to reach this SDG and its climate goals (United Nations. 2019c.)

o Goal 8, Decent Work and Economic Growth
With global economic growth slowing, expanding employment opportunities re-
quires further improvement. Economic growth must be inclusive and sustainable,
this can incentivize advancements in reaching the SDGs (United Nations, 2019d.)

e Goal 9, Industry, Innovation, & Infrastructure
This goal aims to support innovation in all industrial sectors globally by the devel-
opment of sustainable infrastructure to promote the publics wellbeing and eco-
nomic growth, that is affordable and accessible (United Nations, 2019e).

o Goal 11, Sustainable Cities and Communities
This goal aims to enhance nationwide and territorial planning on the economic,
environmental, and social dimension by promoting relationships among urban,
rural, and hybrid landscape locations to shape more sustainable communities
(United Nations, 2019f).

e Goal 12, Responsible Consumption and Production
Globally, resource consumption has considerably grown and is a threat to reach
the SDGs. The situation is urgent and requires sustainable extraction practices
and environmental protection. Approaches must minimise waste, increase re-
source efficiency, and perform sustainable methods extensively throughout all

industries and the economy (United Nations, 2019g.)
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o Goal 13, Climate Action
The increases in GHG emissions have accelerated climate change. The situation
requires urgency in developing more ambitious projects, with rapid steps initiated
towards mitigating and adjusting to climate change. This goal aims to confront
climate change and its consequences (United Nations, 2019h.)

e Goal 14, Life Below Water
This goal aims to promote the sustainable use and protection of marine resources
from pollution, especially those originating on land (United Nations, 2019i).

e Goal 15, Life On Land
Due to human activity, such as with urbanisation and agriculture, over one-fifth of
land on the planet has been degraded between 2005 and 2015. This goals aims
to support sustainable land use, land protection, and the restoration of damaged

ecosystems (United Nations, 2019j.)

The purpose of this thesis is to address food security and sustainable develop-
ment challenges by the combination of structure, technology, systems, and busi-
ness through the VTF concept. Firstly, the VTF is an answer to the trade-off be-
tween land use and the environment, with the efficient use of space. Secondly,
the VTF can also use biomimicry to take advantage of natural processes that
would aid in shifting agriculture off of harmful chemicals. Thirdly, the VTF can
eliminate agricultural-environmental contamination by eliminating products asso-
ciated with such contamination, and containing and managing its by-products on-
site. Fourthly, renewable, energy-efficient, and automation technologies could
further support its sustainable operations. Fifthly, the distance food must travel to
reach the consumer could be dramatically reduced with VTF installations near or
even within a city. Finally, while most agriculture is constrained by seasonality,
the VTF would be capable of year-round production, supporting continual access

to local, healthy, and fresh food.

1.3 Thesis Goals and Structure

Implementing VTFs as part of a long-term oriented urban planning strategy can
significantly support reaching the SDGs by 2030. Although, the construction and
successful business operation of a VTF have yet to be actualised. With previous
publications adding much to the development of the VTF, they are also growing

diverse in their focus. The VTF concept requires an updated holistic approach to
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refocus the direction of subsequent research. This thesis aims to explore the body
of VTF literature to support its development towards practical application by com-
piling the literature into an updated and holistic version of the VTF. To do this, the
research will address the following questions:

1. What are the systems of a VTF?

2. What are the possible challenges and opportunities to the wide-scale im-

plementation of the VTF?
3. What improvements could advance the current VTF theoretical model?

4. What actions must be recognised to actualise the VTF concept?

To reach these obijectives, the thesis is structured as followed:

Chapter 2 will begin by establishing for the reader the severity of the situation and
the need for urgent action which the VTF could address. This chapter will explore
the global situation concerning food security vulnerabilities and sustainability

challenges by focusing in on the following areas:

e Population growth, urbanisation, and ageing societies
e Globalisation and supply chain vulnerabilities
e Climate change

e Global agriculture.

Chapter 3 will begin by presenting the history and evolution of the VTF concept.
Then a distinction will be made between vertical farming and the VTF concept by

defining the term and describing what is meant by it in this research.

Chapter 4 will begin by presenting the theoretical framework underlying this re-

search. Next, the systems of the VTF will be described.

Chapter 5 will explain the choices in the methodology of this thesis, for example,
why a content analysis of the literature, SWOT analysis of the literature, and a
thematic analysis of the SWOT analysis was determined, how they were con-
ducted, and these methods limitations.

Chapter 6 will present the results of the VTF systems content analysis showing
the effort how the VTF domains and their systems saturate the literature. Com-
parisons charts will be displayed showing the state of VTF thought.
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Chapter 7 will present the results of the SWOT analysis of the VTF literature. And
then, the weaknesses and threats of the SWOT analysis by using its strengths
and opportunities.

Chapter 8 will present the thematic analysis of the SWOT analysis and the result-

ing meta-model of the VTF.

Chapter 9 will discuss the results of this research, for example, the interpretations
of the findings, their implications, and limitations. The researcher will also identify
gaps in the findings and give suggestions on how to improve the VTF concept.
Finally, the researcher will give recommendations on the direction further re-
search should be conducted, and what actions could be followed to advance the

actualisation of the VTF concept.

This thesis will conclude by reflecting on the implications and the bigger picture
of this research, and finally, a call to action for expanded support and continuation

of VTF research, development, and innovation projects.
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2 GLOBAL FOOD SECURITY & SUSTAINABILITY

This section presents the severity of the situation and the urgent action required,
that could be addressed by implementing the VTF concept. This section will ex-
plore the background of the global situation concerning food security vulnerabili-
ties and sustainability challenges by approaching the following areas: population
growth, urbanisation, and ageing societies; globalisation and supply chain vulner-

abilities; climate change, and global agriculture.

2.1 Population Growth, Urbanisation, and Ageing Societies

According to the United Nations Food and Agriculture Organization (FAO, 1996),
food security was described as the circumstance in which healthy food options
are accessible and affordable at any time for everyone, and that food meets
safety standards and dietary requirements supporting the public’s wellbeing. To-
day there are over 7.7 billion people on this planet (Worldometer, 2020). By 2030,
the United Nations estimated the world will reach 8.5 billion people and by 2050,
9.7 billion (UN News, 2015). The wellbeing of individuals that make up societies
depends on the nutrition that they receive from their food. According to several
United Nations programmes, the amount of undernourishment had increased by
4%, from a record low in 2015 from 785 million people to 820 million in 2018.
Further, between 2011 and 2017, of the 77 countries reported having increased
malnutrition, 65 of these countries also had experienced an economic slowdown
or downturn while also being characterized as highly dependent on the import
and export of commodities (FAO, WFP & UNICEF, 2019.) Global urbanisation
has increased by a tremendous amount expressing a demographic transfor-
mation from country to the city. From 1960 to 2018, the global urban population
increased by 64%, from 33% to 55% (United Nations Population Division, 2019.)
Currently, the population living in cities has become larger than that of the coun-
try. Urbanisation is anticipated to increase with population growth. The dietary
patterns following urbanisation have considerably reshaped the food system. Ad-
ditionally, the global population is ageing (FAO, 2017.) The elderly are especially
vulnerable to malnutrition. Although it has been found that a healthy diet could
decrease the risk of certain diseases, food price has been a discouraging factor
to its consumption (WHO, 2020.) Agriculture and rural communities will encounter
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significant effects due to urbanisation and ageing. For the progression of sustain-
able development to guarantee global food security, these population dynamics
must be appreciated (FAO, 2017.)

2.2 Globalisation & Supply Chain Vulnerabilities

Globalisation has increased the interdependencies among nations. It is becoming
more observable to the world how the conflicting interest and irresponsible ac-
tions of a few individuals, groups, and organisations can work counter to global
wellbeing and have consequences affecting global food security. For example, in
the United States, subprime loans were the content of toxic assets which caused
mortgage-based securities to fail, although there had been plenty of evidence
indicated that the loans were based on fraud, there have been no major prose-
cutions to date, and the consequences of which had resulted in the massive
global economic recession of 2008 (Pontell, Black & Geis, 2014). Due to these
irresponsible lending practices and corruption on Wall Street the consequences
rippled through the world. A clear example could be seen in the price of rice,
which increased by 300% within a year (Future Earth, 2020). Another source in-
fluencing uncertainty on food prices resulted from international power struggles.
Such an example could be seen in the trade war between the United States and
China since the past several years which resulted in the price volatility of soy
(Future Earth, 2020).

The global economy plays a significant role in the business environment and so-
ciety, of which the supply chain could be viewed as its foundation (van der Vegt
et al., 2015). The supply chain is a part of all organisations as well as nearly all
transactional activities. Globalisation has influenced improvements in numerous
business areas as well as satisfying consumer demands (Scholten & Fynes,
2017). Although, the complexity of the supply chain and its interdependencies
have also expanded along with increased competition and uncertainty (Mentzer
et al., 2001). Supply chain disruptions are an annual occurrence and according
to the fifth annual Supply Chain Resilience survey conducted in 2013, with 519
valid responses, as many as 75% of businesses faced a single disruption while
15% faced a single event totalling 1 million Euros or more in losses (Business
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Continuity Institute 2013.) Consequences of unforeseen supply chain interrup-
tions are a risk to all businesses that could result in monetary loss or bankruptcy
(Skipper and Hanna, 2009).

The world is currently experiencing a significant threat to the public's wellbeing
with the novel Coronavirus (COVID-19). Due to this global pandemic, global sup-
ply chains and manufacturers are becoming disrupted. For example, Chinese
ports have decreased activity by 20%, while across the world in a major European
port, Le Havre of France has decreased its activity by 30% (Haren & Simchi-Leuvi,
2020). The global food system has a complex network of interdependencies of
actors. This supply chain includes producers, processing plants, and its logistics.
Due to this pandemic, restrictions and quarantine regulations are expected to in-
terrupt farmers access to markets, such as with inputs and outputs needed for
agricultural processes. This would limit their operational capacity and constrain
locations for sales. The restrictions to logistical routes could have consequences
on the fresh food supply which could result in the spoilage and wasting of pro-
duce. This situation could be a significant challenge to nations dependent on im-
ports (FAO, 2020.) As globalisation has increased the interdependencies be-
tween nations, situations like these remind the world of its hidden interconnec-
tions that supply chain disruptions will bring to light. These disruptions can

threaten the food security of import-dependent nations.

2.3 Climate Change

Food comes from agriculture and agriculture is dependent on appropriate climatic
conditions. Changes in weather patterns threaten agriculture. Food security is
dependent on the climate and climate change poses a serious risk to disruptions
of the food market and supply (Lipper et al, 2014.) Through the recording of
weather patterns over the last century there have been the emerging signs of a
changing global climate. For example, there has been a marked increase in ex-
treme weather events such as droughts, cyclones, and floods. The United Na-
tions had predicted in 2019 that the consequences of such extreme weather
events in Southern Africa could leave 45 million people of 16 nations with severe
food insecurity (Future Earth, 2020.) Another marked example is in the United

States, according to statistics recorded by the National Oceanic and Atmospheric
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Administration, known as NOAA (2020a), billion-dollar weather and climate dis-
asters are on the rise, from a mere 3.4 on average between 1980 to 2000 and up
to about 14 on average annually between 2011 and 2019. Billion-dollar severe
storms accounted for part of these trends and have seen a significant increase in
frequency over the years. For example, there was a total of 31 of these type of
severe storms recorded between 1980 and 2005, averaging 1.24 severe storms
per year. After 2005, these events significantly increased within the following 13-
years. From 2006 to 2019 billion-dollar severe storms averaged 6.54 per year,
and between 2010 to 2019, in just 9 years, this average increased to 7.1 a year.
Compared to the 25-year average from 1980 to 2005 and the 9 years between
2010 and 2019, billion-dollar severe storm events in the US have seen a 472.6%
increase in frequency. Other signs of the changing climate include the changes
in global temperature. NOAA recorded 2019 as the second warmest year in 140
years, with October and November being some of the warmest on record globally,
such as in Europe, Asia, the Caribbean, South America, Australia, and New Zea-
land. It was also recorded that the sea ice in Antarctica was 12.8% lower than the
average between 1981 and 2010 (NOAA, 2020b.) In 2020, NOAA recorded that
January the global land and ocean surface temperature was at its highest in 141
years. Signs of this increase were seen around the world. Europe experienced
its second warmest January on record. Even in its most northern countries,
known for their long cold winters, countries such as Finland and Norway also
experienced their second warmest January, with 60% of Finland experiencing
their warmest January. While across the world Asia and South America experi-
enced their second warmest January, and Oceania their third warmest (NOAA,
2020c.) Signs of a changing climate are increasing along with substantial conse-
quences. The situation requires a global sense of urgency and collective re-

sponse.

2.4 Global Agriculture

Feeding the worlds growing population is the tremendous task of nations to sat-
isfy food security, while in modern times the food system struggles to meet all
needs, these factors will amplify if sustainable solutions and innovations fail to
keep pace. For example, by 2030, given present trends, nearly 45 countries will
not meet a level characterized by the Global Hunger Index Severity Scale as low

hunger (GHI, 2019). Additionally, the increasing complexity of global supply
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chains increases uncertainty that threatens the food security of import-dependent
nations, while the actors and international relationships of nations can influence
food prices on the global market place. Although underneath the trade and con-
sumption of food is its production. Agriculture is the source of food production. It
is dependent on environmental resources and conditions, such as land, water,
and the climate. As well, it has an impact on these factors. Agriculture is essential

to civilisation and the underlying element to its sustainability and food security.

Globalisation allows for the mass scale international trade of food between na-
tions. On the global marketplace, agriculture influences the choices of buyers,
whereas buyer and consumer demand influence the profitability of certain crops.
For example, the global increase in demand for soy resulted in its increased pro-
duction. Although production aimed to keep pace with demand, the results were
seen in more dimensions than only economic. As a consequence, increased de-
forestation of the Brazilian Amazon has been influenced by soy demand (Fearn-
side, 2001.) Additionally, the environment and climate are circularly connected,
what happens to the environment affects the climate and what happens to the
climate affects the environment, including human activity. Significant concerns
globally have emerged due to the signs of climate change. One of the factors that
can impact the climate is due to gases which can trap heat in the atmosphere,
such gases are termed greenhouse gases (GHG's). Excessive GHG emissions
could have harmful consequences to climate stability. Carbon dioxide is a com-
monly produced GHG as a byproduct of human activity, such as with the com-
bustion of fossil fuels, a significant emission source (EPA 2017.) Another source
of GHG's is from deforestation. For example, it was estimated that between 2000
and 2005 around 3,292 million hectares of forest were cleared in Brazil producing
about 340 tetragrams (340,000,000 tonnes) of carbon emissions (Harris et al.
2012).

The term carbon sequestration refers to the removal of atmospheric carbon diox-
ide (Forestry and Timber, UNECE, 2019). Forests are made of plants, and plants
perform valuable ecosystem services. In a process called photosynthesis, plants
transform light and carbon dioxide (a GHG) into the chemical energy they require
to grow. Oxygen is a byproduct of this gaseous exchange which plants release

into the atmosphere (Vidyasagar, 2018.) The contribution to the global carbon



19

cycle of a forest can vary in their net carbon sequestration or emission, which can
depend on local factors such as forest disturbances (Forestry and Timber,
UNECE, 2019.)

Land clearing also threatens biodiversity, but not all consequences are always
seen immediately after habitat destruction, whereas time lags can occur, this is
where the concept of an extinction debt comes from, the accumulation of factors
and there impacts not fully to become realised until a later time (Wearn, Reuman,
& Ewers, 2012). Agriculture has become vast, covering approximately 40% of the
earth's surface land, and represents an enormous terrestrial biome (Ramankutty
& Foley, 1999; Asner et al., 2004). In the last 300 years, the environment has
been drastically changed due to land clearing for agricultural development (Ra-
mankutty & Foley, 1999). A primary sustainable development challenge is pro-
tecting forests and their valuable ecosystem services while strengthening the pro-
duction of food. The global demand for cropland and its decreasing availability
has stimulated deforestation, which has been a challenging issue confronting de-

veloping nations (Wearn, Reuman & Ewers, 2012.)

Traditionally, agriculture was dependent on natural processes and had far less of
an impact on the environment. After World War I, this has all changed. In indus-
trial nations, the amount of land used for agriculture has become enormous while
held by fewer people. Conventional agriculture has become mechanized and de-
pendent on chemical fertilizers and pesticides (e.g. herbicide and insecticides)
(Conway & Pretty, 2013.) Pollutants that accumulate in the soil can be carried to
bodies of water through the flow and drainage of water on the surface subsurface
layers (Boxall, 2012). The pure conditions of freshwater systems are threatened
greatly by agriculture. While the EU had responded to water conditions by adopt-
ing The Water Framework Directive 2000/60/EC (WFD) which could be an infer-
able response to the issue with the agenda to restore bodies of water in the Eu-
rope Union to better conditions (Moss, 2008.) Although, there have been many
challenges and delays in its application after fifteen years, and it has failed to
reach its primary goal of restoring water to good quality throughout the EU
(Voulvoulis, Arpon & Giakoumis, 2017). Aquatic ecosystems and their biodiver-
sity are increasingly threatened by the drainage from agricultural activities that

alter natural conditions (Blann, Anderson, Sands & Vondracek, 2009). In a first of
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its kind global scale study, it was found that concentrations of insecticides sur-
passed regulatory standards, indicating that agricultural pollution poses an enor-
mous threat to aquatic life from its pesticide contamination to surface waters
(Stehle & Schulz, 2015). Pesticide residues can leech into bodies of water. They
have even made it as far as to be observed in trace amounts in marine life in
Antarctica (Corsolini et al., 2002). Another factor is eutrophication, the conse-
quence of excess nutrients in water bodies, causing the excessive growth of al-
gae, after which bacterial consumption of its biomass can lead to water oxygen
depletion. This can have devastating results, with the loss of biodiversity
(Chislock, Doster, Zitomer & Wilson, 2013.) Fertilizers nitrogen and phosphorous
have had a significant increase in agriculture since the 1960s and threaten
aquatic life. Agriculture is responsible for the contamination of 57% of US lakes
and 60% of lakes in the Netherlands with these nutrients. Agriculture runoff is a
significant source of pollution which can further surface water eutrophication (Min,
& Jiao, 2002.) In the US, it is estimated that eutrophication is responsible for
around 2.2 billion dollars in damages annually (Dodds et al., 2009). Pesticide
usage also threatens terrestrial biodiversity. Colony collapse disorder is affecting
honey bees in North America. It was found that even with non-lethal pesticide
doses, bees and their colonies are threatened, and implicates significant concern
for other similar insects (Henry et al., 2012.) Animal pollinators support 87 of the
world's primary food crops, delivering 35% of its food production capacity. The
significant drop in pollinators trending throughout the last decades is a serious
threat to species, ecosystems, and global food security (van der Sluijs, 2016.)
Over a third of food crops globally depend on the wellbeing of pollinators such as
bees, bats, butterflies, birds, and mosquitoes (UN News, 2008). Such issues sug-

gest the need for a fundamental paradigm shift in agriculture.

In current times, the increasing complexity of the global food system has not
matched pace with public comprehension. The distances are enormous between
where food is produced and processed and where it is purchased by the con-
sumer. There is a disconnect in public awareness and food prices concerning the
external costs to the environment and community by food production, processing,
storage, and transportation. For example, vast food travel distances require con-
siderable amounts of fuel. In consequence, increased GHG emissions are re-

flected (Pirog, Van Pelt, Enshayan & Cook, 2001.) The energy that is consumed
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in the process of production, transportation and distribution of a product is called
its embodied energy (Tuladhar & Yin, 2019). The term 'food mile' reflects the
concept of embodied energy in regards to food systems, including distance food
travels, and its environmental impacts, such as by emissions produced in the
process. For example, Canada imports nearly 30% of its agricultural and food
commodities. The most significant contributors to this food mile were fruits and
vegetables. Consequently, this produces 3.3 million metric tonnes of carbon di-
oxide emission annually from over 61 billion tonnes kilometres of food to con-

sumer distance (Kissinger, 2012.)

While the population is estimated to reach around 10 billion people by 2050, it is
also projected that the economy could also grow by 50% compared to 2013, and
would result in the growth of low and middle-income nations, thus influencing
consumption patterns away from cereals and towards an increase in meat, fruits,
and vegetables. This would require an increase in agricultural production, subse-
quently increasing the strain on natural resources. Agriculture that is input and
resource-heavy have resulted in extensive deforestation, soil exhaustion, water
scarcities, and significant amounts of GHG emissions. Such practices are inca-
pable of supplying sustainable food (FAO, 2017.) In the report Reaping the ben-
efits: science and the sustainable intensification of global agriculture, it is con-
cluded that due to population growth, climate change, and the increase in con-
sumer demand by 2050, there will be an enormous strain on the global food sys-
tem requiring an increase in food production of major crops by 50 to 100% (Baul-
combe et al., 2009, 47). These challenges require technological advancements

and significant reductions in fossil fuels to confront climate change (FAO, 2017.)
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3 THE VERTICAL TOWER FARM

3.1 The Evolution of the VTF Concept

The evolution of the VTF concept goes back in history to the idea of maximising
the use of space, particularly in dense urban locations where it is limited, by uti-
lising vertical space more effectively, and blending elements of both country living
and the urbanised structural approach. The following is a brief timeline of the

history and evolution of the VTF concept.

In 1909, "Real Estate Number" published in Life Magazine, was an illustration
that depicted housing and gardens, offering the possibility of countryside living in
a tower within the city (Hidden Architecture, 2016). In 1922, illustration "Immeu-
bles-Villas" presented a similar concept of countryside living in the city, with
houses and gardens on stacked layers (Fondation Le Corbusier, 2020). By 1981,
James Wine published the "Highrise of Homes" this was a revisiting of the earlier
1909 work published in Life Magazine, to create a vertical community, including
housing, gardens, and countryside landscape in a tower within the city (Cline,
2002, 220; Hidden Architecture, 2016). In 1999, a professor at Columbia Univer-
sity, Dr Dickson Despommier, developed with a class of his, the concept of farm-
ing in towers within the city (Columbia University, 2019). In 2004, AeroFarms was
founded, a vertical farming operation aiming to produce food closer to population
centres, requiring 95% less water and annually producing 130 times the yield per
square meter than traditional agriculture (AeroFarms, 2020a). In 2008, Plantagon
an American-Swedish company had established its international enterprises, reg-
istered its initial patent, and feasibility tests its vertical greenhouse concept (Plan-
tagon International, 2020). In 2009, the Paignton Zoo in England had initiated a
vertical farming operation with Verticrop's high density modular growing system
(Frediani, 2010). Also in 2009, founder of Sky Greens, Mr Jack Ng had begun
prototyping concepts for vertical farming systems. By 2012, Sky Greens started
commercial operations, becoming the first globally to develop a low carbon hy-
draulic water-driven system for vertical farming (Sky Greens, 2014.) In 2013, the
Association for Vertical Farming was established, a non-profit international or-
ganisation aimed to support the sustainable advancement of the vertical farming
movement (Association for Vertical Farming, 2020). In 2015, AeroFarms moved
its headquarters to New Jersey, reclaiming an old steel mill, of about 0.65 ha, and

started producing around 907 tonnes of food annually (AeroFarms, 2020b). In
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2016, Sasaki Associates Inc. (2020) had completed its project design for the Sun-
giao Urban Agricultural District, in Shanghai, China, which is home to almost 24
million people. Rapid loss of farmland in the region due to urbanisation had stim-
ulated the need to innovate with space, which has led to this design for the de-
velopment of 100-hectares of urban farmland by integrating vertical farming sys-
tems. In 2017, Oasis Biotech, a nearly 2-hectare vertical farm operation in Las
Vegas, US, was established and backed by $30 million in foreign investments.
Claiming it requires 50% less energy by using LEDs compared with previous
commercial greenhouses, and 90% less water than conventional agriculture
(Daniels, 2018; Oasis Biotech, 2020.) In 2019, vertical greenhouse company
Plantagon, files for bankruptcy, stating the primary reason was its inability to be-
come financially sustainable (AGFO, 2019a; AGFO, 2019b). Based on statistics
collected by Google Trends (2020), from January 2004 to April 2020, globally, the
search frequency of the term “vertical farming” had increased by 450% (see figure
2). Thus marking a significant growth of public awareness in this direction of ag-

ricultural evolution.
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Figure 2. Search frequency of the term "vertical Farming"” 2004-2020 (Google Trends, 2020).

3.2 VTF vs Vertical Farming

According to the "Dictionary of Architecture & Construction," a tower is defined
as a structure which is taller than its width. Additionally, high-rise buildings are
considered to be 10 to 12 levels or taller and typically built in response to expen-
sive land (Harris, 2006, 508 & 1007.) Within the literature, there is a blur between
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the terms VTFs and vertical farms, with these terms sometimes being used inter-
changeably. For these reasons, it is necessary to establish a distinction between
the VTF and vertical farming. In this thesis, a VTF is defined as a tower specifi-
cally designed for agricultural operations, while this tower is characteristically de-
fined by its height being greater than its width and consisting of 10 or more levels.
Although vertical farms have made significant advancements in vertical space
productivity, they differ from VTFs. Vertical farms are typically wider than they are
tall and generally consist of one or a few levels. However, vertical farms are be-
coming widely implemented and represent an important intermediate evolution-
ary phase of the VTF concept. Whereas, addressing sustainability and food se-
curity challenges are common unifying goals leading this directional shift in the

evolution of agriculture.
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4 THE IMPORTANCE OF VTF SYSTEMS

General systems theory is a means to give systems a structure or framework to
develop a logical architecture of knowledge. Systems theory can be used to ap-
proach organisational challenges by considering its systems workings and its en-
vironment to develop a holistic perspective. This understanding encourages de-
cision-makers to observe challenges from a new perspective (Lai & Huili Lin,
2017.) Identifying and understanding the systems of the VTF could be essential
in supporting further research, development, and innovation of the VTF concept.
Therefore, forming a holistic perspective on the potential VTF systems is a sup-
port function of researchers that gives direction to the development of the emerg-
ing VTF field. The selection of the ideal combination of VTF systems continues
to be a long term development that has been primarily aimed at best-achieving
sustainability and operational goals. At the same time this may be its greatest

barrier to implementation due to costs and complexity.

A strategy to deal with complexity is by minimising the unique elements of a sys-
tem and grouping them into a smaller number of subsystems (Langlois, 2002).
Modularization has many advantages for construction projects, such as enhanc-
ing the quality and accelerating construction while lowering cost and risk
(Langlois, Burke & Miller, 1998). Since standardised parts for a VTF do not exist,
many systems will have to be customised, while the increasing customisation
could lead to a higher cost and complexity. Understanding the systems of the
VTF gives further research, design, and innovation projects a holistic view, and
guides their focus for the modularization of VTF systems, and could potentially

enable the wide-scale implementation of VTFs.

The VTF is an organisation. For an organisation to be sustainable and develop
its resource inputs must be transformed into some sort of value-added product or
service that satisfies marketplace demand. Management of these processes is
fundamental to business viability. Operations management is a discipline that
provides an organisation guidance regarding its operations (Slack, Brandon-
Jones, & Johnston, 2013, p. 4-31.) The operations management is an area of the
VTF needed to develop its logical and productive operations. Effective VTF op-
erations design requires the careful selection and understanding of systems, their

resource transformation processes, and marketplace requirements. Making the
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best use of low-cost inputs such as certain waste streams, such as bio-waste, or
natural phenomena, such as sunlight, and transforming them through the VTF
systems into value-added products and services could be a crucial enabler for
the business viability of the VTF. In lean operations, elements in operations that
do not add value are considered a wasteful use of time, energy, and resources,
and therefore identified for elimination (Slack, Brandon-Jones, & Johnston, 2013,
p. 644-490). Incorporating lean operations into further VTF research, develop-
ment, and innovation could enhance achieving sustainability goals and business

viability by eliminating waste and subsequently, cutting costs.

For the VTF to become a viable business operation, its potential systems must
be recognised early in its planning process to select the most optimal system
combinations (see figure 3). Due to the gaps in the literature, and the diversity of
focus throughout the publications, this section is a compilation of the VTF sys-
tems mentioned by the literature and organised into relevant thematic areas. The

following are the primary domains and subdomains of the VTF concept:

1. Biological Domain Systems
a. Food Production
b. Bio-waste Management
2. Lighting Domain Systems
a. Natural Lighting
b. Artificial Lighting
3. Control Domain Systems
a. Climate Control Systems
b. Operational Control Systems
4. Energy Domain Systems

a. Renewable Energy

The systems of each domain in this section is given a brief description. This com-
pilation will be used as a foundation for the literature analysis to get an under-
standing of VTF fields general focus, for example, what systems may be emerg-
ing or fading, or may be prevailing in awareness, or under recognised. It is im-

portant to note that not all of these systems should necessarily be included in a
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VTF. Systems selection is paramount to VTF design, construction, and opera-
tions. These choices will directly affect a VTF's business viability and require

careful consideration.
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Figure 3. Diagram of hypothetical VTF systems (Stewart Jr, 2020).

4.1. Biological Domain Systems

The biological domain systems are the most extensive and central to VTFs sus-
tainability and operations. The systems in this domain concern the utilisation and
management of biological elements and processes. This domain is divided into 2

primary subsections: food production and bio-waste management.

4.1.1 Food Production

Food production is a central theme of agriculture. VTF food production has two
subsections, plant production and animal production. The VTF food production
systems aim at efficient usage of space and maximum production while reaching

sustainability goals.
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Plant production systems concern the operational systems of the VTF used for
crop production.

Hydroponics
In a hydroponic system, instead of using soil to grow crops, they are grown in a

nutrient solution (UMASS, 2020). Hydroponics is a very productive farming
method that minimises water use (Jensen, 1999).

Aeroponics
In an aeroponic system, crops are grown by a nutrient solution that is misted on

the plant roots (Christie & Nichols, 2004). Aeroponics increases plant growth due
to the increased availability of oxygen to the plant's roots (AEssenseGrows,
2017). Compared to field agriculture, aeroponics can reduce water usage by
95%, whereas by 40% compared to hydroponics (AeroFarms, 2020c).

Rainwater Harvest
A rainwater harvest system takes advantage of the natural resource of rainfall by

capturing and storing it within structures for its later use (Dhingra, Singh, Sharma
& Parween, 2020). Rainwater harvest can be supplemental water-based VTF ac-

tivities reliant on water while reducing grid dependency and related expenses.

Animal production systems concern the operational systems of the VTF used for
animal production.

Aquaponics
Aquaponics is the unification of aquaculture, the farming of fish, and hydroponics,

the production of plant crops in a nutrient solution. The wastewater from the fish
system contains nutrients which are supplied to the hydroponic plant crops.
Plants utilise the nutrients from the fish wastewater while also filtering it before it
returns into the fish production system (Rakocy, Bailey, Shultz, & Thoman, 2010.)
Thus providing multiple yields, fish production, and from its wastewater, a fertilizer
to supplement plant production while the plants also act as a natural filter of this
wastewater, such operations maximise resource usage while cutting operational
costs.

Chicken Farming
A chicken farming system provides the environment to support the production of

chickens. Chickens are a type of bird common to agricultural food production,
primarily for their meat and eggs, while their by-products, such as manure and

feathers can supplement nutrients in composting operations.
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Bee Farming
A bee farming system provides housing and support to maintain and develop
colonies of bees for the production of honey and beeswax. Bees also add value
by pollinating plants that support many lifeforms, including humans (The Bee
Farmers' Association, 2020; Bradbear, 2009.)

4.1.2 Bio-waste Management

Bio-waste management systems concern the utilisation and transformation of bi-
ological forms of waste, solid and liquid, into value-added products and services.
This is done through mimicking processes of natural ecosystem services. These
systems can transform conventional waste streams into valuable resources for

the VTF operations while achieving sustainable development goals.

Wastewater systems concern the utilisation of liquid waste streams, creating sec-
ondary uses for resources, and transforming them into value-added products or
services.

Greywater
A greywater system collects and stores the byproduct water from showers, sinks,

and washers for later reuse (Al-Jayyousi, 2003). Agriculture uses significant
amounts of water. In regions where water is more scare of a resource, freshwater
for public use should take precedence. Therefore, its reuse could provide a valu-
able for agriculture (Faruqui & Al-Jayyousi, 2002.) Ideally, greywater should be
treated before its reuse to eliminate pollutants, or it should be sourced from neg-
ligible health impacting sources.

Blackwater
Blackwater is the wastewater from toilets. Phosphorous, from blackwater was

found to be an effective fertilizer in numerous studies (Gell, 2011). Urine is an
ideal soluble fertilizer because it contains nitrogen, phosphorus, and potassium,
major plant nutrients, and additionally, a good balance of micronutrients. Collect-
ing urine separate is the most effective way to recover this resource (Nagy, &

Zseni, 2017.)

Living Machine
A living machine is an ecologically engineered system that emulates a wetland

ecosystem for wastewater treatment (Ilves-Halperin & Kangas, 2000).



30

Solid waste systems concern the utilisation of solid waste streams, creating sec-
ondary uses for resources, and transforming them into a value-added product or
service.

Composting
A composting system concerns the production of compost. Compost is a nutrient-

rich soil product as a result of the microbe driven decomposition process of or-
ganic matter. Composting operations concern the intentional supporting condi-
tions of microorganisms to enhance this process. Composting has the potential
to transform organic waste into a valuable product (USDA, 2020.)

Vermiculture
A vermiculture system concerns the composting of organic matter by the use of

worms. It has been shown to accelerate the composting time up to 60 to 80%,
while their waste byproduct is an excellent organic fertilizer (Sinha, et al., 2002;
Cotter, 2020.)

Mushrooms Farming
Mushrooms naturally decompose organic matter, which aids in the recycling of

nutrients. In mushroom farming systems, certain mushrooms are grown for food

and medicine (Stamets, 2011.)

4.2 Lighting Domain Systems

The lighting domain systems refer to VTF systems that act as a support function
of food production, primarily plant crops, which depend on light for growth. Light-
ing can affect the growth rate and quality of crops, as well as the costs of opera-

tions. There are two subsections of this domain, natural lighting and artificial light-

ing.

4.2.1 Natural Lighting
Natural lighting systems refer to lighting systems that utilise naturally occurring
light, particularly from the sun.

Natural lighting comes from the sunlight, its free to use, and has been used with
great success since the dawn of agriculture. However, its use in agriculture can
be constrained by objects blocking the light, and also due to the earth's cycles,

such as day and night, weather, and seasonality.
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Mirrors can reflect light, which can be angled to directs light towards locations
that it had previously been blocked. For example, in a Norwegian village, that due
to being in between two mountains, had a long dark period, and as a novel solu-
tion to this, they used mirrors to angle available sunlight into their village (Geddes,
2017).

While natural lighting is a free resource, it can be blocked from reaching deeper
into a building. Fibre optics has offered a technological solution by capturing light
where it is available and transferring it to places it is not (Parans Solar Lighting,
2020.)

4.2.2 Artificial Lighting
Artificial lighting systems refer to lighting systems that utilise artificially produced

lighting, particularly from electricity.

LEDs are an improved lighting solution due to their affordability, long life, energy
efficiency, luminous efficiency, spectral variation, and low temperature, which has
resulted in their adoption in numerous disciplines. LEDs are substituting tradi-
tional greenhouse lighting, such as high-pressure sodium lamps. Additionally,
modifications to LED lighting can be used to improve crop quality, resulting in

enhanced value (Kozai, 2016.)

Fluorescent lighting is commonly in the form of a tube, used for lighting large
areas, and more energy efficient than incandescent lighting (US Department of
Energy, 2020). Fluorescent lighting was normally coupled with incandescent
lighting to achieve crop growth similar to field agriculture (Downs and Hellmers,
1978.) It is expected that LEDs will replace fluorescent lighting systems in agri-
culture (Darko et al., 2014).

HIDs are composed of various mixtures of vaporized metals, they give off signif-

icant heat, and cannot be placed too close to plants. They have been one of the
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most used lightings for indoor agriculture, accounting for 89% of lighting systems,
while LEDs represented only 4% in 2017 (Stober, 2017.)

4.3. Control Domain Systems

The control domain systems refer to systems that regulate VTF conditions. This
section is divided into two primary areas of VTF control, the climate control sys-
tems and the operational control systems. These systems support the VTF reach-

ing equilibrium conditions that are optimum for production.

4.3.1 Climate Control Systems

The climate control domain systems refer to VTF systems that aim at regulating
the VTF climate, a critical environmental support system, which enables the sta-
ble growing environment for healthy and productive year-round production of

crops.

PCC is an alternative to MCC, in which the natural phenomena acting upon a
building are taken into prior design consideration or post retrofitting to achieve
natural climate control and energy efficiency. PCC aims to appropriately use solar
integration, shading, thermal mass, insulation, and natural ventilation in buildings
design features to create a balanced indoor climate (Earthship Biotecture, 2020;
Williams, 2020).

MCC is a mechanical and electricity dependent type of heating, ventilation, and
air conditioning (HVAC) system. HVAC systems provide climate control for build-
ings (WebFinance Inc., 2020).

An HCC is the combination of MCC and PCC to create an effective and efficient

climate control system by creating complementary support and redundancies.

4.3.2 Operational Control Systems
The other control domain systems refer to VTF systems that are important for

supporting the VTF operations.
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Automation is used to control and monitor the productivity of operations by the
application of technology, such as through robotics, hardware, and software, that

can improve productivity, decrease costs, and save time (Techopedia, 2020).

The loT is an infrastructure of interconnected computer networks, known as the
internet, which unifies things by enabling the control of these things while provid-

ing information concerning their status (Madakam & Lake, 2015).

Al is algorithm-based computer technology, which aims to imitate the complex
biological thinking processes, for problem-solving applications (Makridakis,
2017).

IT is the application of technology that manages the transmission and storage of

digital information (Grauer, 2001).

4.4 Energy Domain Systems

The energy domain systems refer to VTF systems that power operations. Energy
use is directly related to operational costs. Sustainability goals and cutting costs
are the primary energy goals of the VTF, which is the reason the literature ex-
pressly discusses the use of renewable energy as opposed to dependency on
the grid and which come from potentially unsustainable energy sources that are

expensive for VTF operations.

4.41 Renewable Energy

Renewable energy sources are sources of energy that can continually be replen-
ished based on natural phenomenon, such as from sunlight, wind, gravity, or ther-
mal properties of nature. These sources are in contrast to energy sources such
as fossil fuels which are more finite in nature and can be depleted while at the
same time causing environmental degradation. These energy sources aim at

achieving sustainability goals and long term oriented cost savings (see figure 4).
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Solar energy takes advantage of the renewable energy source produced by the
sun. One application of solar energy generation is from the thermal energy that
can be produced by the heat of the sun, such as for heating of air or water, or the
generation of power. Another is its more widely known application, called photo-
voltaic, known by its solar panels, which converts the suns energy into electricity
(Sukhatme & Nayak, 2017.)

Wind energy is generated by the power of the wind and transformed into electric-
ity by a mechanism called a wind turbine (Manwell, McGowan & Rogers, 2010,
2).

Geothermal energy comes from the renewable reservoir of thermal energy con-
tained beneath the earth's surface, which can be obtained through drilling and

heat-mining technology (Tester et al., 2006).

Biogas is a renewable energy source that is generated by a natural biochemical
process, the anaerobic digestion of organic waste. Biogas can be used as a re-

newable alternative for gas power sources (Weiland, 2010.)

Hydroelectricity is generated through the movement of water, and this kinetic en-

ergy is used to drive a turbine, converting this motion into electricity (Bakis, 2007).

Tidal energy comes from the gravitational force of the sun and moon acting upon
the earth, which results in the movements of water, such as in the tides and
waves. This kinetic energy can be used to drive turbines which converting it into
electricity (Rourke, Boyle & Reynolds, 2010.)
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Figure 4. Simple VTF design displaying renewable energy integration (Stewart Jr, 2020).
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5 RESEARCH METHODOLOGY

This research used both quantitative and qualitative content analysis of the VTF
literature. Quantitative content analysis is a research method that focuses on de-
termining the occurrence frequency categories (Randolph, 2008). While qualita-
tive content analysis is a systematic and repeatable research method which can
be used to compress large volumes of data into manageable categories, through
the use of coding rules. The reliability of these methods depends on the precise
recording of coding instructions for its repeatability (Stemler, 2000.) The validity
of research methods depends on precision consistency in the collection of cases
being researched, which results in a generalisable outcome that is representative
of the whole (Middleton, 2020). For both the quantitative and qualitative content
analysis in this research, validity was intended to be enhanced by collecting a
large enough sample size of publications, while ensuring the accuracy of the case
topics collected, that the results would be generally applicable, and to ensure the
reliability, the explicit approach to this research is recorded. Although a limitation
to these methods is due to being based on a single researcher's perspective of
what merits importance. To compensate for this, the researcher conducted mul-
tiple phases of preliminary manual analysis through reading each publication
case and included a phase for becoming familiar with the text and note-taking to
generate a preliminary list of relevant concepts, while the second phase took a
deeper analysis, concentrating noticing new details, especially those which were

to a lesser extent or rarely mentioned.

5.1 Data Collection

The first part of the content analysis was the collection of data. To do this, the
Google Scholar database was chosen for its wide-reaching search results, esti-
mated to reach 389 million records from scientific databases and other academic
publishing sources (Gusenbauer, 2019). To collect relevant literature on VTFs
the keywords selected were "Vertical Tower Farm*" and "Skyscraper Farm™",
whereas the asterisk (*) was used as a wildcard input, for example, to include
results that ended with an "s" or "ing" or no letter, for example, "farm*" would
generate search results including farm, farms, farming. This was done to reach
the maximum qualifying search return. This search was then repeated for both
keyword, but the second time, instead of using the term "farm*", "agriculture" was

used as a substitute. The case was admitted to the sample if it included any
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phrase in the body of its text to indicate that farming within a tower was part of

the main topic such as if the case mentioned: "vertical tower farming", "vertical

tower agriculture", "skyscraper farming", "skyscraper agriculture", "multi-storey
farming", "multi-storey agriculture", "greenhouse tower", "multi-storey plant fac-
tory", "high-rise farming", "high-rise agriculture", or any variation of those phrases,
which were also used as search terms for collecting articles. The asterisk (*) was
used as a wildcard input to include results that ended with an "s" or "ing" or no
letter. This was first done through the automatic keyword search function for quick
verification. If a close matching publication yielded no automatic keyword re-
trieval, a closer manual look at the text would be done to verify, if there was no
mention of the VTF and its various terms throughout the text, then the publication

would be disqualified.

The data collection resulted in 53 publications (see Appendix A, Case Analysis
Publication, p. 97) between 2005 and 2015. They consisted essentially of theses
and articles, and a few website publications. The total word count for the body of
text consisted of 387,068 words, while the average publications word count was
7,303, averaging 1.89% of the text per publication, while 32% of publications were
above this average, accounting for about 3.74% of the text per publication, with
the highest publication word count accounting for 8.7% of the total publication
word count, while almost 34% represented less than 1% of the total publication
word count, with the average in this range accounting for 0.6%, with the smallest
publication accounting for only 0.12% of the total word count. The data was then
converted into a format usable by the analysis software QDA Miner Lite to assist

in the content analysis.

5.2 System Frequency Content Analysis

The system frequency content analysis first began by reading through the litera-
ture to become familiar, while taking preliminary first round notes on relative con-
tent concerning potential VTF systems. This was done preliminary to developing
the theoretical framework. The topic of systems was a reoccurring theme, which
was then validated through testing the frequency of occurrence using the analysis
software and the keyword "system™", whereas the asterisk represented a wild

card to include results for the terms "systems", "systematic", systemise", etc.

These results validated the importance of this term to the VTF field, accounting
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for occurring more than one or more times in 94% of the case publications. The
content concerning the term "system" and its variations was then examined for
pattern analysis. It became apparent that there were a variety of proposed sys-
tems related to the VTF operations, their support function systems, control sys-
tems, and waste management systems. The literature cases were then manually
reviewed to include any relevant system related to the VTF concepts potential
operations that may not have explicitly been referred to in the text as a system,
but qualified by the characteristics of a relevant set of interconnected elements
that concern VTF operations, their support function systems, control systems,
waste management systems, or any other value-added operation that would per-
tain to a VTF system. After developing a list of systems, they were grouped with
any other term that would represent the same meaning. A thematic analysis of
the categories was then conducted to create a higher-order for the organisation
of these system categories into relevant themes. This resulted in the conception
of the 4 domains of the VTF systems: Biological, Lighting, Energy, and Control.
These categories and the variations of their keywords were separately entered
into the analysis software for frequency retrieval. An analysis table was created
for each domain, including the relevant system categories. Each system category
had its primary term and its variation term. The primary term was named for the
most prevailing, most accurate, and most encompassing term of the concepts the
category represented. The categories terms and all the variations were then sys-
tematically analysed for the frequency of occurrence within the case publications.
The categories were recorded for their frequency of occurrence, while the out-
come of this data was the generation of the frequency of occurrences in a cate-
gory for each publication. This was used to calculate the total amount of category
frequency of the whole case sample size, and also verify the number of publica-
tions that mentioned a category at least once out of the whole sample size. Vari-
ous generalisations could be inferred from this type of generated data, for exam-
ple, due to the diversity of the cases and their total amount of text, this could
indicate the depth of interest that VTF publications have in a category, which can
indicate the potential level of importance of a category, or the level of awareness
of researchers on a category, such as if a category may be emerging or fading in
the field. This is useful to describe the uniformity of a category given by a publi-
cation vs the field. While verifying the number of publications that mentioned a

category at least once out of the whole sample size could be useful to get a
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broader perspective on the popular awareness regarding a category, its potential
importance, or overemphasis. Another thing these results could represent is the
evolution of categories within the VTF concept, while some have become out-

dated and replaced by newer more optimal categories.

After the results were compiled into their respective analysis tables, the results
the categories were converted into graphs and charts for easy comparison and
pattern analysis. The averaged percentage of occurrences of a category through-
out the collected publications and their case occurrence were chosen to produce
a result that could show an indication between where the most effort has been
placed in the literature and the distribution of awareness throughout the whole of
collected publications as a sample for the whole of the VTF field. To do this the
percentages of each category by its total frequency of occurrence and by the
number of cases a category had occurred within the whole of the publications
were averaged. This approach will subsequently be referred to as a variable’s
averaged percentage occurrence and distribution within the collection of literature
(See Appendix B, Formulas, p 100; and Appendix C, Domain Systems Analysis
Tables, p. 101-109).

5.3 SWOT Analysis

The SWOT analysis stands for Strengths, Weakness, Opportunities, and Threats.
This tool is useful for uncovering organisational elements that contribute to the
sustainability and development of an organisation or hinder it. The strengths and
weaknesses represent internal factors, while opportunities and threats represent
external factors. The SWOT is a valuable analysis tool because it raises the sit-
uational awareness planners and decision-makers how to take advantage of an
organisations strengths and opportunities and overcome its weaknesses and
threats (Ansoff, 1965; Andrews, 1987; Porter, 1991; and Mintzberg et al., 1998.)
To conduct the SWOT analysis, systems thinking and operations perspective was
the lens, as had the previous content analysis of the systems had implied. The
objective of the SWOT analysis was to uncover the possible challenges and op-
portunities to the wide-scale implementation of the VTF. To do this, the literature
cases were re-examined for indications of challenges and opportunities, prelimi-
nary notes were taken. Next, categories of these notes were developed. Codes

and categories resulted either explicitly, directly mentioned in the text, implicitly,
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indirectly mentioned in the text, or through the researcher's synthesis of the big-
ger picture. Reflective practice is a research method that utilises reflective think-
ing throughout or subsequent to an action to generate novel perspectives on a
matter (Coghlan & Brydon-Miller, 2014). This was done throughout the thesis
process, pre, during, and post analysis, while it was based on the growing famil-
iarity with the research, it was also synthesised with the researcher's background
(e.g. long-held interest in sustainability, and as an international business B.A.
degree student). Keywords and their variations associated with these categories
were generated to follow up with using the analysis software. Additionally, terms
associated strength, weakness, opportunity, and threat, and their variations were
also searched. A refined list of SWOT categories was then developed, combining
multiple where possible. After this, the SWOT outputs were compiled into an anal-
ysis table and references were gathered and categorised with associating SWOT
variables based on their closeness of influence on developing the refined SWOT
variable. Although it should be noted, due to the combination and refinement of
multiple variables, some direct influencer shifted into more loosely associated in-

fluencers (see Appendix D, SWOT Analysis Table, p. 110).

5.4 Thematic Analysis of the SWOT Analysis

After generating the results from the SWOT analysis, it was further analysed
using the qualitative content analysis method. For this, the SWOT analysis was
examined for higher-order themes concerning the successful implementation of
the VTF. Linking ideas were organised in a draft table. These ideas were rear-
ranged in arrangements that seemed to have some logical order, this was done
concurrently with reflective practices. As the order emerged, it was reflected on
and refined, until it developed into a logical and useful higher order of knowledge.
After this process, the thematic categories were then arranged into a draft version
of a model to visually depict the concept. This was then subject to several itera-
tions, revisions, and developments of the model until the final version was gen-
erated, thus transforming this content analysis process into a simultaneous con-
structive model generation. This idea of this analysis and construction was to
create a useful tool to reflect upon for the next phase of the research, as a VTF
framework for addressing the SWOT analysis weaknesses and threats, and the

discussion, which was also a synthesis of the whole results section. The SWOT
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analysis strengths and opportunities were also used to address the VTF weak-

nesses and threats.
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6 RESULTS

In this section results of the content analysis, SWOT analysis, and the thematic
of the SWOT analysis are presented. There were 53 publications sourced from
the literature over the last 15 years. Figure 5 depicts the publication frequency
over time. One publication from 2020 was removed from this graph since the year
has not completed. Over 14 years, from 2005 to 2019, there was an average of
3.7 publications per year. 2018, marked a peak year with 9 publications. There is
an upward trend in VTF publications. The Year 2005 contrasted 2019 by a 600%
increase in VTF publications. The analysis of the publications was aimed at cre-
ating a more holistic and updated perspective on the VTF concept by answering
the research questions, with each subsequent phase of the analysis building
upon the previous through the lens of the theoretical framework of systems and

operations thinking.

VTF: Publication Frequency Over Time
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Figure 5. VTF publication frequency over time, from 2005 to 2019.
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6.1 VTF System Domains in the Literature

After analysing the 53 literature cases, the VTF systems were identified, from
these, numerous categories surfaced. These categories were defined into
themes that resulted in the 4 domains of VTF systems:

1. Biological
2. Lighting
3. Energy
4. Control

Figure 6 presents the average percentage of each domain by its total frequency
of occurrence and by the number of cases a domain has occurred within the
whole of the publications. These results were the variables ‘averaged percentage
occurrence and distribution’ within the sample collection of literature. The aver-
aged percentage of these two results were chosen to produce a result that could
show average between where effort has been placed in the literature and the

distribution of awareness within the publications.

The average percentage occurrence and distribution within the collection of liter-
ature resulted in the Biological Domain Systems being the greatest domain in the
literature at 45%, which had a 4.5% standard deviation (SD) between its occur-
rence and distribution, the Lighting Domain Systems were next at 23% with a
3.5% SD, followed by the Control Domain Systems at 17% with a 2.3% SD, and
lastly, the Energy Domain Systems were at 15% with a 5.6% SD.

VTF Domains:
Averaged Percentage of Occurrence and Distribution

OBiological Domain
Systems

OLighting Domain
Systems

OEnergy Domain
Systems

O Control Domain
Systems

Figure 6. VTF Domains: Averaged Percentage of Occurrence and Distribution.
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6.2 VTF System Categories in the Literature

In this section, each VTF system category is classified within its relevant domain
and ordered by the number of cases that have mentioned the system. To present
the results the averaged percentage occurrence and distribution and the SD of
those two variables were chosen. The averaged percentage of these two results
were chosen to produce a result that could show average between where effort
has been placed in the literature and the distribution of awareness within the pub-
lications (See Appendix B, Formulas, p 100; and Appendix C, Domain Systems
Analysis Tables, p. 101-109).

6.2.1 Biological Domain Systems
The Biological Domain Systems average percentage occurrence and distribution
within the collection of literature was mentioned with the greatest frequency.

There were 2 subdomains with 12 system categories:

1. Food Production
a. Plant Production
i. Hydroponics
ii. Aeroponics
iii. Rainwater
b. Animal Production
i. Aquaponics
ii. Chicken Farming
iii. Bee Farming
2. Bio-waste Management
a. Wastewater
i. Grey water
ii. Black water
iii. Living Machine
b. Solid Waste
i. Composting
ii. Vermiculture

iii. Mushroom Farming
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Of all the biological systems, using the averaged percentage occurrence and dis-
tribution, plant production had the greatest percentage of occurrence at 39%,
while wastewater was second at 27%, then solid waste at 24%, and lastly, animal
production at 11%, all with a SD of 11% (See figure 7).

Averaged Percentage of Occurrence and Distribution:
Food Production Vs Bio-Waste Management Systems

O Plant Production OAnimal Production OWastewater B Solid Waste

Figure 7. Averaged Percentage of Occurrence and Distribution: Food Production Vs Bio-Waste Manage-
ment Systems.

This section presents the data results of the food production systems using the
averaged percentage occurrence and distribution. The results are that plant pro-
duction had the greatest percentage of occurrence and distribution of all plant
production systems at 78%, while animal production was at 22%, both with a SD
of 2.4% (see figure 8).
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Averaged Percentage of Occurrence and Distribution:
Plant Vs Animal Production

OPlant Production
78%

OAnimal
Production 229,

Figure 8. Averaged Percentage of Occurrence and Distribution: Plant Vs Animal Production.

This section presents the data results of the plant production systems using the
averaged percentage occurrence and distribution. The results are that hydropon-
ics had the greatest percentage of occurrence and distribution of all plant produc-
tion systems at 54% with a SD of 15%, followed by aeroponics at 31% with a SD

of 3%, and lastly rainwater harvest at 16% with a SD of 12 (see figure 9).

Plant Production: Percentage of Occurrence and
Distribution

Rainwater Harvest

Aeroponics

System

Hydroponics

0% 10% 20% 30% 40% 50% 60% 70%
Publications

Averaged Percentage Case Distribution Percentage

Occurrence Percentage

Figure 9. Plant Production: Percentage of Occurrence and Distribution.
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Animal Production
This section presents the data results of the animal production systems using the

averaged percentage occurrence and distribution. The results are that aquapon-
ics had the greatest percentage of occurrence and distribution of all animal pro-
duction systems at 64%, with a SD of 20%, followed by chicken farming at 27%
with a SD of 12%, and lastly bee farming at 9% with a SD of 8% (see figure 10).

Animal Production: Percentage of Occurrence and

Distribution

Bee Farming
g Chicken Farming
J2
»n Aquaponics

0% 20% 40% 60% 80%
Publications
Averaged Percentage Case Distribution Percentage

Occurrence Percentage

Figure 10. Animal Production: Percentage of Occurrence and Distribution.

This section presents the data results of the bio-waste management systems us-
ing the averaged percentage occurrence and distribution. Bio-waste manage-
ment has two subdomains: wastewater and solid waste. The results are that
wastewater systems had the greatest percentage of occurrence and distribution
of all bio-waste management systems at 54%, while solid waste had 46%, both

with a SD of 2.3% (see figure 11).
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Averaged Percentage of Occurrence and Distribution:
Wastewater Vs Solid Waste

OWastewater
46%

o]
O Solid Waste 54%

Figure 11. Averaged Percentage of Occurrence and Distribution: Wastewater Vs Solid Waste.

This section presents the data results of the wastewater systems using the aver-
aged percentage occurrence and distribution. The results are that blackwater
systems had the greatest percentage of occurrence and distribution of all
wastewater systems at 46% with a SD at 2.5%, followed by greywater systems
at 42% with a SD at 3.1%, and lastly living machine systems at 12% with a SD of
0.6% (see figure 12).

Wastewater: Percentage of Occurrence and

Distribution

Living Machine
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> Grey water
>
n

Black water
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Figure 12. Wastewater: Percentage of Occurrence and Distribution.
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Solid Waste
This section presents the data results of the solid waste systems using the aver-

aged percentage occurrence and distribution. The results are that composting
systems had the greatest percentage of occurrence and distribution of all solid
waste systems at 57% with a SD of 7%, followed by mushroom farming at 35%

with a SD of 6%, and lastly, vermiculture at 8% with a SD of 1% (see figure 13).

Solid Waste: Percentage of Occurrence and Distribution

Vermiculture

Mushroom Farming

System

Composting
0% 10% 20% 30% 40% 50% 60% 70%
Publications
Averaged Percentage Case Distribution Percentage Occurrence Percentage

Figure 13. Solid Waste: Percentage of Occurrence and Distribution.
6.2.2 Lighting Domain Systems

This section presents the data results of the Lighting Domain Systems averaged
percentage of occurrence and distribution within the collection of literature, and
was mentioned with the second greatest frequency. This domain contains 2 sub-

domains with 6 system categories:

1. Natural Lighting
a. Sunlight
b. Fibre Optics
c. Mirrors

2. Artificial Lighting
a. LEDs
b. Fluorescent
c. HID
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The results are that sunlight systems had the greatest percentage of occurrence
and distribution of all natural lighting systems at 85% with a SD of 6%, followed
by mirrors at 11% with a SD of 4%, and lastly, fibre optics at 5% and a SD of 2%

(see figure 14).

Natural Lighting: Percentage of Occurrence and
Distribution

Fibre Optics

Mirrors

System

Sunlight
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Figure 14. Natural Lighting: Percentage of Occurrence and Distribution.

The results are that LED systems had the greatest percentage of occurrence and
distribution of all artificial lighting systems at 75% with a SD of 1.9%, followed by
fluorescents at 17% with a SD of 1.1%, and lastly, HID at 8% and a SD of 0.8%

(see figure 15).

Artificial Lighting: Percentage of Occurrence and
Distribution

HID

Fluorescent

System

LED
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Figure 15. Artificial Lighting: Percentage of Occurrence and Distribution
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6.2.3 Energy Domain Systems
This section presents the data results of the Energy Domain Systems average
percentage occurrence and distribution within the collection of literature was

mentioned with the third greatest frequency.

The results are that solar energy systems had the greatest percentage of occur-
rence and distribution of all renewable energy systems at 48% with a SD of 6%,
followed by wind energy at 25% with a SD of 1%, next was geothermal at 13%
with a SD 3%, then was biogas at 8% with a SD at 0.21%, after that was hydro-
electricity at 4% with a SD of 1%, and lastly, tidal energy at 3% and a SD of 1%
(see figure 16).

Renewable Energy: Percentage of Occurrence and
Distribution

Tidal energy
hydroelectricity

Biogas

System

Geothermal
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Figure 16. Renewable Energy: Percentage of Occurrence and Distribution.
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6.2.4 Control Domain Systems

This section presents the data results of the Control Domain Systems average
percentage occurrence and distribution within the collection of literature was
mentioned with the fourth greatest frequency. There were 2 subdomains with 9

system categories:

1. Climate Control
a. Passive Climate Control
b. Mechanical Climate Control
c. Hybrid Climate Control
2. Operational Control
a. Automation
b. Information Technology
c. Internet of Things
d

. Artificial Intelligence

Of the control domain systems using the averaged percentage occurrence and
distribution, operational control systems had the greatest percentage of occur-
rence and distribution of all at 56%, while the climate control systems had 44%,
both with a SD of 2.5% (see figure 17).

Climate Control Vs Operational Control Systems: Percentage
of Occurrence and Distribution

O Climate control

44%

O Operational 56%
Control

Figure 17. Averaged Percentage of Occurrence and Distribution: Climate Control Vs Operational Control
Systems.
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The results are that mechanical climate control had the greatest percentage of
occurrence and distribution of all climate control systems at 48% with a SD of
2.8%, followed by passive climate control at 45% with a SD of 1.4%, and lastly,
hybrid climate control at 7% and a SD of 1.5% (figure 18).

Climate Control: Percentage of Occurrence and
Distribution

Hybrid Climate Control

Passive Climate Control

System

Mechanical Climate Control
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Figure 18. Climate Control: Percentage of Occurrence and Distribution.

The results are that automation had the greatest percentage of occurrence and
distribution of all operational control systems at 48% with a SD of 2.8%, followed
by the Internet of Things at 25% with a SD of 4.8%, then, artificial intelligence at
11% with a SD of 2.4%, and lastly, information technology at 3% and a SD of
2.7% (see figure 19).
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Operational Control: Percentage of Occurrence and
Distribution

Information Technology

Artificial Intelligence
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Figure 19. Operational Control: Percentage of Occurrence and Distribution.



55

7 SWOT ANALYSIS

In this section are the results of the SWOT analysis are presented. Here the

strengths, weaknesses, opportunities, and threats of the potential VTF industry

are arranged in order of more significant to less significant. The sources of this

analysis were either directly or indirectly gathered from the cases. Related con-

cepts from multiple cases were combined. Concepts were also developed from

the researcher’s general understanding of the collective cases. These concepts

were then synthesised with the researchers understanding and developed into
the SWOT analysis (See Appendix D, SWOT Analysis Table, p. 110 for a more

detailed table of source cases).

7141

1.

Strengths

Vertical farms and their widespread adoption are currently validating un-
derlying VTF concepts of mass productivity and profitability in limited
space by using state-of-the-art food production practices and technolo-
gies while taking advantage of vertical space.

Renewable and energy-efficient technologies, plus passive design could
significantly cut VTF operational costs in the long-term.

. A passive designed VTF can take advantage of a location's natural phe-

nomena while reducing energy dependencies and environmental impact.

The VTF could minimise the amount of land cleared for agriculture, sup-
portive of conservation efforts.

The VTF controlled environment allows for all year production.

VTFs can protect crops from harsh weather conditions due to climate
change, extreme weather, and seasonality.

The VTF could eliminate the environmental contaminations of agriculture
by reducing, eliminating, containing, and treating their use onsite.

The VTF could reduce the distance food must travel before it reaches the
consumer, thus reducing or eliminating fossil fuels used in the process.

The VTF takes advantage of numerous waste streams, transforming mu-
nicipal and VTF bio-waste into a resource, for example, from liquid form
with grey and blackwater, or solid form with organic matter.

10.A VTF’s ability to capture and store rainwater reduces its dependency on

the grid, and in turn, lessens the burden on natural resources for its ex-
traction and transportation.

11.As similar to vertical farms, and their hydroponic and aeroponic prac-

tices, VTFs are also capable of significant water-use efficiency, in con-
trast, to open-field agriculture.
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12.VTFs eliminate the issue of weeds from agriculture, thus eliminating

71.2

713

costs and time associated with crop maintenance and the environmental
damages related to herbicide use.

Weaknesses

. The VTF has a high start-up cost, a long wait for a return on investment,

high operational costs, expensive customised features, and it requires
special expertise to design and implement, which all make it a risky and
unattractive investment.

The VTF will receive limited sunlight to utilise, for example, due to its
structural obstructions, and from other structures, such as surrounding
towers, thus diminishing its use of this free and clean resource.

Developing the VTFs local food supply network could prove challenging
and requires a specialised approach.

. The VTF depends on a diversity of expertise and technical training on the

customised systems of the VTF and its operations.

The VTF requires particular construction capabilities for its mass distribu-
tion, e.g. multidisciplinary expertise, supply chain and resource inputs,
and transport efficiency and the accessibility of its outputs.

The VTF operations will occur under more compacted conditions than
conventional agriculture, thus decreasing the area of space for working
and movement.

The VTF must operate in specific environmental parameters to prevent
plant disease.

The VTF will have a human resource management challenge, e.g. scout-
ing, training, and developing of staff for its specialised operations.

The VTF operations have a dependency on waste streams for its opera-
tions and are subject to its variable availability.

Opportunities

. VTFs could enhance a nation's food security by increasing domestic food

production, decreasing dependency on food trade imports, reducing the
food trade import deficit, and supporting the local and national econo-
mies.

The VTF significantly addresses the SDGs, thus aligning it with national
and international interests, and making VTF initiatives a favourable can-
didate for sustainability-related grants.

Mass VTF production could reduce its cost.

The modularization of VTF components could reduce production and as-
sembly costs, reduce construction time, increase ease of assembly, and
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create a resilient and customisable product, which could enable its mass
distribution.

5. The VTF could be complementary to urban planning strategies.

6. VTF complexity could be simplified by the modularization of its compo-
nents.

7. First mover advantage.
8. VTF could deliver high-value crops closer to the market.

9. A VTF could integrate multiple enterprises into its structure, such as food
shops, providing alternative cash flows, and local, fresh, and healthy
foods as a competitive advantage.

10. Automation technology could enhance operational productivity and re-
duce labour costs.

11.Including the local community in the VTF operations could help break
down social barriers.

12.Community advocates could be the key advocates of the VTF.

13.VTFs could use Al to manage controls systems with high precision and
efficiency, as well for forecasting consumer demand.

14.VTFs have the possibility of retrofitting pre-existing unused buildings for
urban food production.

15. Future emerging technological advancements will improve VTF effi-
ciency.

7.1.4 Threats

1. The VTF must compete with established market competitors of conven-
tional agriculture and its cheaper start-up costs and operational prac-
tices.

2. The complexity of the VTF is a challenge for its development, operations,
management, and mass distribution.

3. The VTFs impact on the environment through its construction must align
with its sustainability goals, which has yet to be considered.

4. Land in urban locations is typically more expensive.
5. The early VTFs models are cost-prohibitive to developing nations.

6. The VTF could be seen as a threat to current industries and way of life,
which could result in campaigns of resistance and the promotion of its
negative perceptions.

7. VTFs compete with other land uses.
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8. The legalities of a VTF and its operations are not clearly understood and
are based on local regulations, for example, the urban zoning constraints
to agriculture.

7.2 Addressing the VTF Weaknesses and Threats

In this section, suggestions have been given to address the weaknesses and
threats of the VTF using the strengths and opportunities, and through reflective
practices of the researcher’s familiarity with the literature, the research, and back-

ground knowledge in international business and sustainability.

7.21 Addressing the VTF's Weaknesses

This subsection will address the weaknesses from the SWOT analysis.

The top weakness of the VTF was:

1. The VTF has a high start-up cost, a long wait for a return on investment,
high operational costs, expensive customised features, and it requires
special expertise to design and implement, which all make it a risky and
unattractive investment.

To address this, as mentioned by the top VTF strength:

1. Vertical farms and their widespread adoption are currently validating un-
derlying VTF concepts of mass productivity and profitability in limited
space by using state-of-the-art food production practices and technolo-
gies while taking advantage of vertical space.

High start-up costs have previously been addressed by vertical farms, for exam-
ple, AeroFarms, a vertical farming company in the US, had secured over $130
million in funding, with $40 million from appealing to investors like IKEA Group
and Momofuku Group in series D funding (Burwood-Taylor, 2017). As with verti-
cal farms, VTFs can go through a series of funding rounds. Funding can begin
with a pre-seed funding round. A preliminary VTF business model and structural
design can be developed early on by seeking grant funding from universities and
other aligned organisations, such as the United Nations programmes, govern-
ments, and crowdsource funding campaigns. Multidisciplinary expertise can be
formed around the grant proposal projects. To address the high operational costs,

viable technologies should be identified, such as with renewable and energy-ef-
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ficient technologies to integrate, and the passive design capabilities of the struc-
ture. To address the expensive customised features, development of the modular
design of the structure and its systems can reduce the number of diverse com-
ponents of the structure and its systems, while enabling customisation of its ar-
rangement within the structure, cutting costs, increasing system resilience and
flexibility. After the pre-seed funding phase for the research and development of
the VTF business model and structural design, the VTF can proceed to subse-
quent series of funding phases, as it progresses towards implementation and op-
eration. Having the pre-seeding research and development phase decreases the
uncertainty of a VTF project. This makes the VTF a less risky investment for in-
vestors. To speed up the VTF's return on investments, choosing high-value crops
could give the VTF a competitive advantage with its closer food distance. Inte-
grating direct to consumer food shops that specialise in the VTF produced food,
such as a grocery store and restaurants could offer additional income sources.
Other additional income sources could be from facility tours. Diversified income
streams would provide the VTF with a quicker and more reliable return on invest-

ment and funding.

The second weakness was:

2. The VTF will receive limited sunlight to utilise, for example, due to its
structural obstructions, and from other structures, such as surrounding
towers, thus diminishing its use of this free and clean resource.

To address this, as mentioned by the second and third VTF strengths:

2. Renewable and energy-efficient technologies, plus passive design could
significantly cut VTF operational costs in the long-term.

3. A passive designed VTF can take advantage of a location's natural phe-
nomena while reducing energy dependencies and environmental impact.

As mentioned in strength number 2, energy-efficient technologies can be used to
supplement natural sunlight, such as LED lighting because of its affordability, en-
ergy efficiency, long life, low temperature, and spectral precision for enhanced
crop growth and quality (Kozai, 2016). Also, as mentioned in number 3, passive
design techniques can take advantage of local conditions, such as through the
use of mirrors and fibre optics to capture sunlight where it is available and redirect

it to where it is needed. For example, a Norwegian village had redirected light
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that had been obstructed by two mountains into their valley (Geddes, 2017). The
VTF could use mirrors similarly, such as mounting mirrors on nearby towers, or
tall objects, or other places natural light is accessible, to redirect light into angles
that the sunlight is not hitting. Mirrors within the VTF could also be used to extend
the reach of the natural light. Also, fibre optics is a technology to capture light
where it is available and transfer it to areas it is needed (Parans Solar Lighting,
2020). Fibre optics capturing units can be placed in low utility places where sun-
light is available, but not useful, fibre optics could be placed alongside the LEDs
to supplement their lighting capabilities. Additionally, there may be stray light
within the VTF that could be recycled back into the fibre optic light system, such
as light that is hitting the walls and floors, it could be worth a research and devel-

opment project to determine the utility of recycling such stray lighting.

The third weakness was:

3. Developing the VTFs local food supply network could prove challenging
and requires a specialised approach.

To address this, as mentioned by the eleventh and twelfth VTF opportunities:

11.Including the local community in the VTF operations could help break
down social barriers.

12.Community advocates could be the key advocates of the VTF.

Approaching the VTF as though it were an international business organisation, it
is always key to have cultural insiders who have network links to expertise and
resources. In the sense of discovering and negotiating contracts, having a com-
munity insider could be an asset. Including community members in the organisa-
tion can break down social barriers, and also, build community support from in-
side the community. Additionally, a community member may already have special
knowledge of the local players, their needs, and cultural competency that would
be useful.

The fourth, fifth, and eighth weaknesses were:

4. The VTF depends on a diversity of expertise and technical training on the
customised systems of the VTF and its operations.

5. The VTF requires particular construction capabilities for its mass distribu-
tion, e.g. multidisciplinary expertise, supply chain and resource inputs,
and transport efficiency and the accessibility of its outputs.
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8. The VTF will have a human resource management challenge, e.g. scout-
ing, training, and developing of staff for its specialised operations.

To address this, as mentioned by the second VTF opportunity:

2. The VTF significantly addresses the SDGs, thus aligning it with national
and international interests, and making VTF initiatives a favourable can-
didate for sustainability-related grants.

The pre-seeding funding phase includes seeking grants for VTF research and
development projects. During this time, advertisement of such projects can gen-
erate interest by relevant expertise. Team members can be scouted within the
research organisation such as universities, where project team’s future expertise
can already begin to be trained and developed for later positions of importance
while working on the research and development challenge areas. In the case of
universities, multidisciplinary teams can be assembled to explore the VTF imple-

mentation challenges from a wide range of expertise.

The sixth weakness was:

6. The VTF operations will occur under more compacted conditions than
conventional agriculture, thus decreasing the area of space for working
and movement.

To address this, as mentioned by the tenth VTF opportunity:

10. Automation technology could enhance operational productivity and re-
duce labour costs.

Although the VTF work space is more compact, automation could be used to
overcome this, as robotics could function in a fraction of the space as humans
could, with high precision and productivity, and reduce labour costs, which could

over time make up for its high upfront investment.

The seventh weakness was:

7. The VTF must operate in specific environmental parameters to prevent
plant disease.

To address this, as mentioned by the thirteenth VTF opportunity:

13.VTFs could use Al to manage controls systems with high precision and
efficiency, as well for forecasting consumer demand.
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Al could manage the climate control system with precision reaching energy effi-
ciency and optimum growing conditions for crops. This would also reduce the

amount of labour and time spent on managing this complex system.

The ninth weakness was:

9. The VTF operations have a dependency on waste streams for its opera-
tions and are subject to its variable availability.

To address this, as mentioned by ninth VTF strength:

9. The VTF takes advantage of numerous waste streams, transforming mu-
nicipal and VTF bio-waste into a resource, for example, from liquid form
with grey and blackwater, or solid form with organic matter.

and the fifth VTF opportunity:

5. The VTF could be complementary to urban planning strategies.

By taking advantage of multiple waste streams, redundancy of resource acquisi-
tion by multiple channels can compensate for variability in supply, as well as stor-
ing resources in times of excess to use in times of scarcity. Additionally, by work-
ing in partnership with regional urban planners, they can better understand the
VTF’s capabilities and needs, thus connecting people and resources in alignment

with an urban planning strategy to manage waste.

7.2.2 Addressing the VTF's Threats

This subsection will address the threats from the SWOT analysis.

The top VTF threat was:

1. The VTF must compete with established market competitors of conven-
tional agriculture and its cheaper start-up costs and operational prac-
tices.

To address this, as mentioned by the fourth, fifth, sixth, seventh, and eighth VTF
strengths:

4. The VTF could minimise the amount of land cleared for agriculture, sup-
portive of conservation efforts.

5. The VTF controlled environment allows for all year production.

6. VTFs can protect crops from harsh weather conditions due to climate
change, extreme weather, and seasonality.
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7. The VTF could eliminate the environmental contaminations of agriculture
by reducing, eliminating, containing, and treating their use onsite.

8. The VTF could reduce the distance food must travel before it reaches the
consumer, thus reducing or eliminating fossil fuels used in the process.

And opportunities eight, nine, and ten.

8. VTF could deliver high-value crops closer to the market.

9. A VTF could integrate multiple enterprises into its structure, such as food
shops, providing alternative cash flows, and local, fresh, and healthy
foods as a competitive advantage.

10. Automation technology could enhance operational productivity and re-
duce labour costs.

Conventional agriculture requires vast amounts of land and this land comes at a
cost of the environment. Conventional agriculture also is known for its use of
harmful environmental contaminants, such as fertilizers and pesticides. VTF’s
can minimise the amount of land cleared for agriculture to a fraction of the size,
while also eliminating, containing, and managing onsite any potential environ-
mental contaminants. As such, the VTF is supportive of land conservation efforts,
which can be an advantage in developing the VTFs image as an eco-brand. An-
other contrast is that open field agriculture is constrained to the growing seasons
and sensitive to climate change and extreme weather. Crop production of a VTF
is environmentally protected from harsh weather conditions and climate variabil-
ity, and the controlled climate of the VTF allows for optimum growing conditions
and all-season production. Currently, the distance food must travel to reach the
consumer has increased considerably with globalisation, this puts a strain on the
global environment and the food security of nations. VTFs can be constructed
near or within densely populated urban areas, thus cutting the food distance and
its environmental concerns, while delivering healthy, fresh food, close to the con-
sumer, and boasting a nations food security and economy. While many foods are
travelling a long distance to consumers, and due to certain crops being climate
constrained to certain regions, VTFs with climate-controlled environments can
produce these high-value crops and closer to the market than the competitors.
The VTF can also integrate multiple food shops on site, tapping into multiple rev-
enue streams. While conventional agriculture is labour intensive, the VTF can
reduce the amount of labour required through automation while increasing

productivity.
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The second VTF threat was:

2. The complexity of the VTF is a challenge for its development, operations,
management, and mass distribution.

To address this, as mentioned by the fourth and sixth VTF opportunities:

4. The modularization of VTF components could reduce production and as-
sembly costs, reduce construction time, increase ease of assembly, and
create a resilient and customisable product, which could enable its mass
distribution.

6. VTF complexity could be simplified by the modularization of its compo-
nents.

VTF complexity is due to a large number of its unique components and interde-
pendent systems. Modularization is a way to break-down complexity into an or-
ganised order of interchangeable parts. By decreasing the number of unique
parts in a system, it is easier and more affordable to produce and assemble the
parts. Modularization allows the VTF systems to become more resilient, for ex-
ample, if a system experienced a failure in one component, it would not cascade
throughout all systems, and while the component is removed the system would
continue to function normally. A standard modular design could be made for the
basic VTF, its structure, and all its systems, thus reducing costs and opening
opportunities for mass production. With VTF design more simple due to modular-
ization, and more affordable due to the decrease in specialised parts, and easier
to assemble, construction companies could be more competent to construct the
VTF without a lot of specialised training. With a simpler design, the VTF opera-
tions would also become more simple for operating, requiring less specialised

expertise of unique system parts.

The third VTF threat was:

3. The VTFs impact on the environment through its construction must align
with its sustainability goals, which has yet to be considered.

To address this, as mentioned by the fifth and fourteenth VTF opportunities:
5. The VTF could be complementary to urban planning strategies.

14.VTFs have the possibility of retrofitting pre-existing unused buildings for
urban food production.
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Working with urban planners while planning a VTF could help align with sustain-
ability goals. Locations with the least environmental impact can be chosen, and
locally source materials can be identified. Materials can be sourced from sustain-
able suppliers where ever possible. Additionally, a VTF organisation can hold it-
self accountable by creating a sustainability loan to itself to pay off over time by
setting aside earnings annually to donate to sustainability causes until this sus-
tainability loan has been paid off. This can also help build the VTF’s sustainability
brand image by its commitment to sustainability. Other alternatives to VTF con-

struction is the possibility to retrofit unused structures for food production.

The fourth VTF threat was:

4. Land in urban locations is typically more expensive.

To address this, as mentioned by the first and fourth VTF strengths:

1. Vertical farms and their widespread adoption are currently validating un-
derlying VTF concepts of mass productivity and profitability in limited
space by using state-of-the-art food production practices and technolo-
gies while taking advantage of vertical space.

4. The VTF could minimise the amount of land cleared for agriculture, sup-
portive of conservation efforts.

The vertical tower farm compresses land use to a fraction of the size than that of
conventional agriculture, thus reducing the amount of land needed for purchase,
and subsequently, the land cost. Although, the land on the exterior of urban areas
tends to be much more affordable, and still within a local food distance. Buying

local agricultural land on the exterior of cities could be the best option for the VTF.

The fifth VTF threat was:

5. The early VTFs models are cost-prohibitive to developing nations.

To address this, as mentioned by the third, fourth, and sixth VTF opportunities:

3. Mass VTF production could reduce its cost.

4. The modularization of VTF components could reduce production and as-
sembly costs, reduce construction time, increase ease of assembly, and
create a resilient and customisable product, which could enable its mass
distribution.

6. VTF complexity could be simplified by the modularization of its compo-
nents.
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While the early VTFs may be cost-prohibitive to developing nations, their lessons
learned will help develop a more efficient and affordable VTF. Creating a stand-
ardised model with modular components would decrease the costs while increas-
ing the ease of assembly and operations. Modularization of the VTF is the key to
mass production, which will decrease cost and open VTF opportunities to devel-
oping nations. Additionally, sustainably oriented organisations, such as the
United Nations, or governments, could support VTF opportunities by sponsoring
grants, subsidising some of the start-up costs or early production periods, and

providing long-term oriented loans designed for VTFs.

The sixth VTF threat was:

6. The VTF could be seen as a threat to current industries and way of life,
which could result in campaigns of resistance and the promotion of its
negative perceptions.

To address this, as mentioned by the eleventh and twelfth VTF opportunities:

11.Including the local community in the VTF operations could help break
down social barriers.

12.Community advocates could be the key advocates of the VTF.

Including the community in the VTF could be a good way to develop goodwill for
its brand image from community members. Community members are more likely
to support a project that they feel a sense of ownership, community pride, and
see as an investment in community development. Recruiting locals and support-
ing the community is a way the VTF could help break down social barriers. De-
veloping key advocates within the community will help calm peoples fear of
change. Also, taking time to listen to local’'s perceptions could go a long way in
satisfying the communities needs and developing a strong public relations strat-
egy. Promoting the positive influence that the VTF can have on sustainability
challenges, supporting the public’'s wellbeing through local, fresh, healthy food,
and the impact it could have on supporting the growth of the local economy and

employment are areas the VTF public relations can aim to highlight.

The seventh VTF threat was:

7. VTFs compete with other land uses.
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To address this, as mentioned by the fifth VTF opportunity:

5. The VTF could be complementary to urban planning strategies.

Conventionally, the VTF is a new concept that many are not yet familiar with its
holistic value. Given the prevailing mind-set of short-sighted economic gain by
society at large, the VTF could be seen as competing with other land uses, such
as other types of buildings, for example, offices and apartments. Working with
urban planners can help to inform important decision-makers of the long term
value that a VTF could generate. The VTF can then be strategically located where
it could bring the most benefit. Although agricultural land on the exterior of cities
tends to be cheaper, and since the VTF takes up a fraction of space conventional
agriculture does, a VTF plot could be better located in these less competitive

locations.

The eighth VTF threat was:

8. The legalities of a VTF and its operations are not clearly understood and
are based on local regulations, for example, the urban zoning constraints
to agriculture.

The VTF, like all other businesses, must take care to identify the most relevant
local regulations to avoid fines and disruption to the business. Also, there may be
assets of the VTF, tangible and intangible, that require patent protection to main-
tain its competitive advantage. Intellectual property is another area of the VTF
that will emerge as the VTF needs become more visible. Additionally, workplace
safety is a consideration to have regarding VTF operations. The area of VTF le-
galities is circumstantial and requires special expertise to approach. Vertical

farms could be looked to as a model for this.
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8 THEMATIC ANALYSIS OF THE SWOT ANALYSIS

A thematic content analysis of the SWOT analysis resulted in categories and
themes. The result after several iterations of analysis, category develop and re-
finement, is the VTF meta-model framework "A Sustainable Organisation: The
Dimensions, Modes, and Drivers of Success" (Figure 20). The themes that re-
sulted were the 5 dimensions of a VTF, the 2 modes of goal attainment, and the
driving factor to achievement. For the successful planning and implementation of

the VTF, these themes should be considered.

Practical
Business Model Structural Design
Business Operations || Sustainability | | Technology Facility
Theoretical _
Alignment

Figure 20. A Sustainable Organisation: The Dimensions, Modes, and Drivers of Success.

8.1 The 5 Dimensions of the VTF

The 5 dimensions of the VTF are business, operations, technology, facility, and
sustainability. The business dimension concerns a VTF's business viability, the
operations dimension concerns its operations management, the technology di-
mension concerns its technological integration, the facility dimension concerns
its structure, and the sustainability dimension concerns its central alignment, the

overarching objective of VTFs.

8.2 The 2 Modes of Goal Attainment
The 2 modes of goal attainment are the VTF's business model and its structural
design, which must be aligned with the 5 dimensions of the VTF. These are nec-

essary for a properly planned and implemented VTF.
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8.3 The Driving Factor to Achievement

The driving factor to achievement is expertise. Expertise must be used to evalu-
ate the 5 dimensions of the VTF to design and plan the 2 modes of goal attain-
ment, synthesising their theoretical knowledge with their practical experience to

actualise and sustain a VTF.
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9 DISCUSSION

In response to the unsustainable practices of conventional agriculture, the food
security vulnerabilities of globalisation, the growing global population, and the
uncertainty brought about by the changing climate and extreme weather, this re-
search explored a potential solution. The VTF concept can support reaching the
SDGs while enhancing global and national food security. This research set out to
generate a more comprehensive understanding of the VTF concept, exploring its
development over the last 15 years. As vertical farming has seen a significant
increase in search frequency since 2004, it has marked the growing awareness
and interest in sustainably innovative agriculture, taking more advantage of com-
pressed vertical space, and state-of-the-art technology. Vertical farming marks
an important intermediate evolutionary stage between traditional indoor agricul-
ture and the VTF. Similarly, the annual publications regarding the VTF concept
have also increased significantly by 600% since 2005 and indicate a continuing
upward trend. This suggests there is a growing consideration of the VTF concept
by academia. However, translating this interest into a real-world successful VTF

operation is currently the ongoing challenge.

Due to the large body of emerging VTF publications, a wide range of ideas and
approaches to the VTF have emerged. Therefore, to further this developing field,
it became necessary to gather relevant literature for analysis and to identify the
commonalities, differences, and gaps in the literature, to guide the direction of
future VTF research. This section reflects on the findings of this research by iden-
tifying areas of VTF thought to expand on, including the 4 VTF domains, the VTF
opportunities and barriers to implementation, a meta-level view on VTF thought,
and finally, recommendations on future actions in actualising the sustainable de-

velopment goals with the VTF.

9.1 Updating the VTF Thinking: A Guide to Future Research, Develop-

ment, and Innovation Projects

This research had identified 53 relevant VTF publications from 2005 to 2020. It
was found that a significant number of cases had a blurred distinction between
the vertical farm and the VTF, whereas these terms were often used interchange-

ably. This was due to the similarity in practices and technology. For this reason,
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to narrow focus, this research defined the VTF as "agricultural operations in a
tower, with its height greater than its width, and consisting of 10 or more levels.",
whereas the use of a tower being was the primary difference. The importance of
this distinction is that it improves the clarity and focus of this and future research

and development on the subject.

One of the questions this research set out to answer is "What are the systems of
a VTF?". This research had found that VTFs consist of many interdependent sys-
tems, although in the publications there had been a wide range of potential sys-
tems discussed. To encompass the last 15 years of the VTF concepts evolution
into a modern holistic view, the publications were analysed. The use of averaged
percentage occurrence and distribution was chosen to identify the level of depth
devotion to the exploration of VTF systems and give some indication of its level
of importance held by the publications, as well, the generally distributed aware-

ness of topics among the collective publications.

Through the analysis of the literature, systems and patterns emerged. As there
were so many categories mentioned, it became necessary to organise the diverse
resulting systems into a higher order of thinking. This resulted in the 4 domains
of VTF systems. These were then analysed and ranked into order by most to

least, using averaged percentage occurrence and distribution, as follows:

1. Biological
2. Lighting
3. Control
4. Energy

The 4 domains of VTF systems are a useful development in the VTF literature
because they represent important areas of focus to consider in designing and

implementing the VTF business model and structural design.

9.1.1 Biological Domain Thoughts

The biological domain systems had numerous water related systems, which rep-
resented a significant topic discussed in the literature, water use, efficiency, har-
vest, treatment, and reuse. This is largely due to the relationship between water
usage and food production systems. While hydroponics, aeroponics, and aqua-

ponics were the top mentioned food production systems, the publications also
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gave attention to the saving, reuse, and efficiency of water. The interdependency
of these systems was also apparent. Hydroponic and aeroponic were noteworthy
for their intensive production capabilities and resource efficiency in contrast to
conventional agriculture. Additionally, the coupling of food production systems
was widely recognised for the production of diversified yields. For example, the
aquaponics system supports the production of fish, while its wastewater is an
opportunity for reuse, containing a primary plant nutrient for fertilizing the plants,
which the plants feed on and filter before it is returned once more to the aqua-
ponic system. The research suggests that hydroponic and aeroponic, systems
have the most potential as efficient and effective food production systems, while
the aquaponics adds a useful byproduct and additional yield. These systems also
remove the issue of weeds and the use of harmful herbicides. These water sys-
tems additionally protect the environment from contamination, by containing and

managing their use on-site as contrasted to conventional agriculture.

The top mentioned water collecting system was the rainwater system, capitalising
on free rainwater that hits the tower when it is abundant, to store and use at a
later time, especially in times of scarcity While all these systems are water-effi-
cient, rainwater harvest provides a safe secondary source of water and removes
some dependency on the grid. Another mentioned reuse of water was with grey
and blackwater systems, which hold potential for the reuse of water. The Grey
and black water systems need special care for their safe usage, but also have
worthy potential. Greywater systems add a tertiary source of water from the sink
and bathwater. Greywater systems could prove important in areas of water scar-
city. Blackwater's most promising use is from extracting macro and micronutrients
from human urine, which have found to be an ideal fertilizer. Although this is
promising, the public perception of using urine as a fertilizer could be risky. Addi-
tionally, the challenge of separating the urine from wastewater, which is best done
through is separated collection. Although, this operation could be done onsite of
the VTF operation, subsequently, cutting wasted water, and accumulating a val-
uable resource, which could cut costs. Living machines are biological grey and
black water treatment systems modelled after wetland ecosystems. Living ma-
chines have the potential to treat these wastewaters while reaching sustainability
goals. From these systems, waters can be cleaned for reuse, thus recycling a

valuable resource, and especially significant in areas the water is scarce. The
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organic matter that accumulates from this system could also be used to supple-

ment the compost systems.

The VTF bio-waste management is a significant area of a VTF's structural design
and its business model. These systems are the core of VTF operational produc-
tivity, resource efficiency, cost savings, and sustainability goals, and significantly
contrast the water usage and environmental contamination of conventional agri-
culture. There are many other biological domain systems that deserve more high-
light in the literature since they can add considerable value to the VTF's opera-
tions. For example, compost makes use of bio-waste, and as a byproduct pro-
duces a rich soil material. This could represent an additional revenue stream,
sold raw to gardeners, or for potting house and garden plants, the VTF produces
and sells. Another benefit of compost is that it produces heat from its process.
This extra heat could cut some heating costs during the coldest seasons. Another
lesser mentioned but valuable composting method is called vermiculture. This is
composting with worms. Worms can rapidly break down bio-waste through eating
it. Worms produce a rich compost byproduct, as well, leachate a high-quality or-
ganic fertilizer. Producing fertiliser from vermiculture is great, although, there
could be a significantly greater benefit if a VTF could become certified 100% or-
ganic, as this would competitive advantage, while also aligning operations with
public wellbeing. This would also be additional goodwill to the VTF brand image.
Vermiculture has additional benefits since worm production could become an on-
site produced food source for the aquaponic systems fish or potential VTF

chicken systems.

What hasn't been mentioned to the researcher's knowledge yet in VTF publica-
tion is other insect systems. For example, soldier flies could complement and
speed up compost operations, while also providing an additional food source for
fish. Also, crickets are another source of potential fish food, while in certain mar-
kets, crickets may be a source of food for humans. With the growing global pop-
ulation and global hunger, insects could potentially replace the need for resource-
intensive produce from cattle ranching. Although this may seem unlikely and ta-
boo in many places, it is a matter of cultural perception of what food is considered

acceptable and what is not. Yet, it may be worth the experimental investment, as
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it would be relatively low cost, and since it also offers other benefits, such as to
the aquaponic system. Another biological system that could add value and turn a
common waste product into a resource is mushrooms. They can grow from pa-
pers, cardboard, and other organic waste products. Currently, there is far too
much packaging in the world, mushrooms can both breakdown the waste product
of cardboard packaging, create a valuable food product, and potentially other
short term use products, such as packaging. Thus mushrooms could provide an
additional low start-up cost alternative revenue stream with multiple useful out-

puts.

The idea of combining a chicken system into a VTF also has potential. Chickens
are could provide multiple benefits to VTF operations, such as their meat, eggs,
feathers, and their waste. Creating an artificial free-range environment could sup-
port ethical living conditions while providing local eggs to urban populations that
may not have access to such local and fresh eggs, creating a quality product.
Multiple levels on the floor housing the chicken systems could make better use
of vertical space. Chicken feathers and waste could also supplement the com-
posting operations. Concerning animals in the VTF, ethical consideration must
be given to enhance their life while reducing potential suffering. It has not been
discussed in the publications, but when it comes to farming animals for food, there
are ethical concerns that should be considered. These concerns are important
both regarding creatures wellbeing and the right to quality of living. An approach
to this could be considering the creatures average lifespan when it comes to har-
vesting them for consumption. At this point, the researcher must note a personal
preference towards vegetarianism, which they do not impose on others, having
realised that humans have consumed animals for aeons and that this is a matter
of culture and personal belief. However, it is important to note, that the sustaina-
bility and ethical concerns of animals should be better observed by agriculture.
Presenting the VTF as an organisation with sustainable goals and ethical values
regarding farmed animals is not only corporate responsibility but also, an invest-

ment in the goodwill of the VTF brand image.

Bees were another system that had been mentioned by very few publications.

Bees provide valuable ecosystem services, while also producing valuable by-
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product, honey. Bees are responsible for pollinating many crops that humans de-
pend on for food. It may be necessary that some crops require pollination, while
this is a delicate operation for the human hand, and labour intensive, bees do this
process naturally. While bee systems could be very helpful in the VTF operation,
consideration needs to be given to the care, and also those areas the people and
bees will be coexisting. Some people have a fear of bees or are allergic to bees.
If bees are to be used in a VTF system, care needs to be taken in protecting the
bees and the people who enter the environment. Some places in the VTF could
be specially designed to keep bees out, providing locations for the public to enjoy

the VTF food and scenery, such as a restaurant within the facility.

9.1.2 Lighting Domain Thoughts

The lighting domain systems was the second most frequently discussed by the
publications. Lighting provides a support function to the plant production systems.
Therefore, lighting is an essential consideration of a VTF. Natural lighting is sig-
nificant as it provides a free resource to the VTF, thus making good use of this
resource is paramount. However, the availability of natural light is conditional,
depending on the time of day, the weather, and it is also constrained by shade
casting obstructions and the sunlight's angle of trajectory. Nearby buildings and
the tower itself are the main obstructions. Although mirrors and fibre optics had
been mentioned by the publications to a lesser extent, these could be major op-
portunities at a cost-friendly passive approach to maximising the utility of natural
lighting by extending its reach, while also the decreasing the VTF's reliance on
artificial lighting and its associated operational costs. Cutting costs through pas-
sive utilisation of natural resources is key to expanding the profit margin, and

compensating the high start-up costs of the VTF.

Artificial lighting has been highly discussed in the publications as a supplement
to the natural lighting and its limitations while coming at an additional operational
cost. Reducing costs is key to profit, which is the reason LED lighting technology
has been the most discussed lighting system. LEDs in contrast to HIDs are cost-
effective, energy-efficient, has a long life, low temperature, less bulky, and a pre-
cision agricultural technology. The publications suggest this as the most effective
supplementary lighting solution with its utility and affordability expected to sustain

continued advancement. While HIDs are more expensive, have a shorter life, and
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give off a higher temperature, they could still serve a less extensive role in the
VTF, but not primarily for their lighting capability, but for their duel capability of
provided lighting and heat. Temperature can stimulate crop growth, therefore, the
benefits of maintaining a sparser system of HIDs integrated with the LEDs could
outweigh their disadvantages. The cost of artificial lighting was most commonly
predicted to be the highest operational cost, therefore maximising natural sun-
light, utilising energy-efficient technology, and multiplying the number of uses
from lighting are all part of a holistic and sustainability-oriented approach to light-

ing the VTF operations.

9.1.3 Energy Domain Thoughts

The energy domain systems were the third most frequently discussed by the pub-
lications. The expense of powering VTF operations was a typical challenge cited
in the publications. While grid energy dependency was expected to come at high
operational costs, given the current state of the world, it was also expected to
promote unsustainable energy sources. For these reasons, cutting long term en-
ergy costs while pursuing sustainability goals was viewed as reason enough to
justify higher upfront costs on renewable energy sources. Not surprisingly, solar
and wind energy, as most popularly known, was discussed in most publications
concerning energy. Since these sources depend on the variability of natural phe-
nomena, such as sunlight and wind, they would most practically supplement grid

power, while relying on the grid as little as possible, and as a backup source.

A resilient system would rely on a combination of energy sources with the capa-
bility of shifting to renewable sources when available and storing them after
reaching system capacity to use during non-peak times. The challenges of utilis-
ing solar and wind are most prevalent in within dense urban locations on scarce
and expensive land. These sources then compete for the space of the natural
lighting and cast shadows. Instead, these deeply urban located VTFs should de-
velop innovative uses of the technology to fit the limited space or develop another
energy system. For example, a modular arrangement of smaller wind turbines
could be made to fit vertically along with the corners of the tower, a location that
will already be obstructed by the beams of the structure. Thus, unproductive
space is efficiently used, plus, the exterior walls of the VTF are already redirecting

any wind toward those locations. As for the solar panel, they could be fitted to the
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least productive structural locations that receive sunlight, such as the area on the

exterior wall obstructed by each storey.

Geothermal is another promising renewable energy, although certain locations
may prove more favourable and affordable, its upfront cost should be considered
on a case to case basis, as it could prove too costly for most VTF operations, but
its potential for passive climate control could prove more practical. Biogas is also
promising and makes use of bio-waste sources for gas production. A small biogas
system could make more productive use of a waste stream, additionally, this
could be a sustainable solution to some of the human blackwater waste produced
on-site, regulations and safety precautions and system capacity should be strictly
observed in its application. Hydroelectricity is location-oriented, although, on a
larger scale it is not going to be an affordable option, and also comes with ques-
tionable environmental consequences, but on a small scale, these consequences
may be avoidable and it could be an option worthy of consideration. Tidal power
is also location-oriented, and most likely not an option at the moment until its
affordability is significantly improved, but it may prove a worthy consideration as

it advances.

Renewable energy is significant to the VTF because it is a long term oriented
sustainable solution, although, it comes at higher upfront costs. Perhaps this
could be met with a long term integration strategy, where renewable energy is
phased in overtime as the dependency on the grid and unsustainable energy
sources are also gradually phased out. While renewable energy can be a great
alternative to unsustainable sources and less costly in the long term, finding ways
to remove the need for energy use it the best way to cut energy-related costs and

increase the profit margin.

9.1.4 Control Domain Thoughts

The control systems domain was the third frequently discussed by the publica-
tions. Automation stood out as compared to the other systems in this domain.
Automation has the potential to create a lean operation by reducing time spent
on repetitive tasks while increasing both productivity and accuracy. Automation
concerns the daily operational demand of the VTF. The drawback of automation

is the costly custom system design as a high upfront cost. This cost could be
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reduced by the modularization of automation integrated systems, and their mass
production, which could occur after successful operations have been demon-

strated.

While this is a significant business model and structural design challenge, a part-
nership joint partnership on the VTF technology and its subsequent patents and
intellectual property rights could prove a worthy long term investment depending
on the widespread adoption of the VTF. Additionally, automation can cut long
term operational costs by reducing the amount of labour needed, and open op-
portunities to economies of scale. However, automation is vulnerable to the public
perception that it eliminates human jobs, although this is a valid argument, the
VTF operations may have a great chance of success if it can compete with free
market food prices. Additionally, the VTFs ability to provide affordable, healthy,
and local food to the public may be seen as a worthy trade-off. Another drawback
of automation is the operational costs of energy usage. While the trade-off for
productivity could outweigh the cost, renewable energies, and passive design

could balance it out.

Automation is not a standalone system and requires responsive information tech-
nologies (IT) such as enterprise resource management software, which is linked
through the internet of things (IoT). IT and loT are both support functions of au-
tomation, while another promising technology for operations is artificial intelli-
gence (Al). Al is adaptive software that can learn and make decisions based on
historical data and it can analyse complex data and make complex calculations
quickly. This makes Al a powerful support function for operations which can ad-
just automation precisely to dynamic routines and fluctuations in consumer de-

mand.

Besides operating the complex automation system, Al could also operate the
other VTF systems, such as regulating the irrigation of the plant production sys-
tems, the feeding and environmental controls of the aquaponic systems, the op-
erational lighting, the climate control, and any other system. Although, the cost of
the Al should be considered. As well, there is a concern of public perception of it

based on negative perceptions of the technology. Later on, technological ad-
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vancements of Al could pose ethical implications if it were to become self-con-
scious. Additionally, there is a risk of completely automated operations if the sys-
tem were to malfunction, which could cause potential crop damages. Therefore,
having manual backups in a VTF makes the system more resilient to system fail-

ures.

An alternative to Al would be system-wide automated timing protocols based on
forecasts and historically relevant data. While manual input could power opera-
tions, additional labour increases costs of operations, and at the same time, a
fully automated system would have operational vulnerabilities creating a central-
ised operational dependency. Other control systems are significant to VTF oper-
ations yet less than half of the publications mentioned automation, and even less
mentioned |oT, IT, and Al, which all had less than 10 publication mentions. Alt-
hough, a significant effort in the publications have discussed the biological, light-
ing, and energy system domains, not enough attention has been given to this
potentially essential VTF support functions, which would determine a great part

of its structural design and business model.

The climate control systems had less averaged occurrence and distribution than
operational control systems. Climate control was less discussed in the publica-
tions than the researcher had expected, and deserves significantly more focus,
as climate control is a vital function for healthy food production. Proper climate
can stimulate plant and fish growth, or promote their poor health, slow growth,
and risk of loss. Conventionally, society has grown accustomed to energy-inten-
sive climate control systems. However, pursuing sustainability goals and opera-
tional cost reduction with passive design practices could offer an enormous op-
portunity to cut operational costs, while naturally stabilising and regulating the
VTF’s climate.

Solar integration provides the opportunity to use the sun's thermal radiation to
heat the structure. Shading provides a low tech solution to cool the structure from
the sun's thermal radiation. Thermal mass has been demonstrated in traditional
buildings designs and is also a common feature in the alternative and sustainably
oriented construction designs of Earthship Biotecture, in the form of an earth

mound attached to the exterior wall of the structure. This works by collecting the



80

buildings excess heat, which is stored in the mound and is prevented from es-
caping through the use of insulation. This is known as a thermal battery. The
thermal battery has a lot of potential for the VTF concept in regulating the struc-
ture's climate naturally, and overtime cutting cost by reducing the burden on other

climate control systems.

Insulation provides another means to control the interior VTF climate, in addition
to its use in thermal batteries, the windows are a key point of heat loss. Weath-
erised windows, minimise draft which could fluctuate the internal temperature and
double-paned windows, i.e. two windows with a pocket of air in between, whereas
the air acts as the temperature buffer between the building and the exterior tem-
perature. Insulation can reduce energy costs for climate control while maintaining

a more stable interior climate.

Natural ventilation is another opportunity to use natural phenomena rather than
waste energy and money to produce a similar effect. As has been demonstrated
by Earthship Biotecture, long ventilation tubes can go through the thermal battery,
the exterior air creates natural ventilation, while the thermal mass works to accli-
mate the air as it is entering. This system works in conjunction with other venti-
lating windows to create airflow. These practices can be adapted to the VTF de-

sign.

Passive climate control is a holistic approach to climate control of a building, while
also reaching sustainability goals and cost reductions. Mechanical climate control
alone offers the costliest climate control system. While passive climate control
systems alone can cut the most costs, they also leave the VTF vulnerable to the
limits of their capacity. A hybrid climate control system may be the best of both
worlds. While it cuts costs through passive design, it supplements this method
with a less intensive mechanical climate control system while providing a more
resilient system overall. The climate control system could be a significant source
of operational costs or its long term oriented cost reductions. Although later ret-
rofitting is an option, climate control systems should be considered early on in the
structural design and business plans of the VTF.
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9.1.5 Opportunities and Barriers to Wide-Scale VTF Implementation

The second research question addresses the opportunities and barriers of the
VTFs wide-scale implementation, for this, a SWOT analysis was chosen. The
SWOT analysis is typically used for real businesses, and a limitation of it on a
theoretical concept may be that the results are less concrete and more theoreti-
cal. However, the researcher found it to be a useful tool in more deeply analysing
the diversity of VTF publications, and that the results could serve more as a
roadmap guiding future research in a generally helpful direction. The publications
and researchers had a wide range of viewpoints on what were the advantages
and disadvantages facing the VTF concepts. This research had gathered, re-
vised, and synthesised an updated analysis of the VTF situation based on the
previous 15 years of publications with the researcher's background knowledge

concerning sustainability and international business.

The most prevalent strengths of the VTF were its high production potential on a
fraction of the land contrasting conventional agriculture through its efficient use
of vertical space, equally notable was its potential to solve urgent sustainability
and food security challenges as an alternative to the unsustainable methods of
conventional agriculture. The most prevalent weaknesses of the VTF concerned
primarily the business viability, considering its high start-up costs, and operational
costs. However, vertical farms are the to-be predecessor of the VTF and have
already managed to secure the interest and support of high-level investors reach-
ing the multimillion-dollar territory. Although, this does not automatically mean
success, as investments extended into round D funding, which could either indi-
cate the company could not make profits, or the company was not ready to go

public yet.

Although it should also be noted, the VTF is an innovative solution to some of the
toughest challenges facing humanity, while also producing a valuable service,
this is because a VTF is a long term oriented solution, and such should be con-
sidered in its business model. Efforts must be made to plan for the generation of
return on investment in three different time orientations, the short, medium, and
long term. The short term is the early start-up period, from 1 to around 4 years,
while the medium represents from year 5 to around year 9, and long term repre-

sents year 10 and beyond. Addressing the return on investment to investors on
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these time scales could improve the funding capability of a VTF operation. While
not all return on investment has to be money, at least in the short term but could

be in some other form of value to the investor.

A top threat to a VTF was found to be from established competitors. Although this
could prove a challenging competition to a VTF, the VTF has the possibility of
high yield, local, and fresh food production all year round, while many competitors
would be confined to their regional growing seasons. The VTF can also focus on
producing high-value crops that it can produce outside of their common produc-
tion seasons, or produce other crops that would be significantly more affordable

and quality when grown locally.

While complexity was also found to be a top challenge to VTF development, op-
erations, management, and mass distribution, this complexity could be simplified
through modularization a top VTF opportunity. Modularization is a key feature of
simplicity, cost efficiency, resilience, and customisation. Creating modular com-
ponents decreases construction time and enhances the ease of assembly and
operation. This is important for those who do not have the specialised knowledge
of a VTF but understand how to follow basic directions and general construction
principles. For mass production of the VTF concept to work, the VTF must be-
come modular along with a standardised model. The modularization allows this
standardised model to be reconfigured to meet the market demands and other
special needs of its established location. The development of a modular VTF
could open up opportunities in developing nations, which are in urgent need of

food security and sustainability solutions.

9.1.6 VTF Meta-Level Thoughts

A thematic analysis of the SWOT analysis was conducted to determine the meta-
levels of theoretically successful VTF implementation and wide scale distribution.
The results generated the 5 dimensions of a VTF, the 2 modes of goal attainment,
and the driving factor to achievement. This was a significant development for VTF
literature because it gives research, development, and innovation projects an-
other lens in which to focus on the viable actualisation of the VTF concept. The 5

dimensions of the VTF are business, operations, technology, facility, and sustain-
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ability. These provided a foundation to develop a VTF project form, while sustain-
ability is the overarching goal alignment of all dimensions. Although food security
and sustainability tend to be the prevailing appeal for the VTF, practicality re-
quires the VTF business and operations to also work sustainably within an eco-
nomic model. Additionally, the VTF technology and facility are core to operational
processes and business. Therefore, the structural design and the business model
were the higher-order in which the 5 dimensions of the VTF must fit in. Expertise
was considered the apex of the order, as the driving factor to achievement. This
is due to the specialised knowledge and multidisciplinary nature of the VTF con-
cept. While expertise must synthesise their practical knowledge and theoretical
knowledge to actualise the VTF concept. These meta-levels provide direction and
clarity of focus in developing multidisciplinary VTF project teams while identifying
the most significant early stages of the VTF development, the synergy between

a viable business model and a feasible structural design.

9.1.7 Actualising the SDGs with the VTF

This research suggests actualising the VTF requires significant planning, exper-
tise, and funding. For this reason, smaller multidisciplinary teams should be
formed in the early stage to address the VTF business model and structural de-
sign challenges. While grants or another source of funding would be ideal for
these VTF project teams, universities provide an environment consisting of
loosely connected communities of multiple fields of study. These are most likely
minimal cost circumstances for gathering relevant expertise and enthusiasm in
the concept, while the VTF sustainability challenge could flexibly fit into many
curricula due to its multidisciplinary nature. Moving forward, the structural design
research needs to focus on logically integrating systems, and the simplicity and
modularization of the structure and its domain systems. Additionally, appropriate
structural materials should be explored in great detail. Materials should keep in
mind the principles of lean operations, which is to reduce waste, for example,
structural steel beams are standard in construction, but the weight is heavy, and
some of the steel is not necessary to the structural integrity, finding lighter weight
modified steel beams could reduce weight and material, cutting cost, which could
cascade throughout the chain of its embodied energy. Also, a VTF may be a
structural tower, but it does not need to be designed so similarly to other standard

towers, because its utility is different. Nor does its architecture require any fancy
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complex aesthetic design, as complexity will increase costs and the difficulty of
its construction. However, a VTF should be innovative in its uses of material and

systems and their interrelation with natural phenomena.

Finally, for the structural design, while hydroponics, aeroponics, and aquaponics
are the prevalent systems and quite significant to a VTF design, projects must
not overlook the other value-added potential systems this research has men-
tioned. Adding value and cutting waste are what unify the structural design of the
VTF with its business model, as this increases the VTF potential profit margin
and ensuring its success. Therefore, the structural design and business model
project teams must give this consideration, and work in partnership. As for the
business model project team, more focus needs to go into the cost analysis of
the VTF, its funding opportunities, and it's a business strategy, with more focus
on specifics, such as potential partnerships, suppliers, waste resource recovery,
construction agencies, development of operational competency hiring profiles,
and location proposals. Following this preliminary conceptual development
phase, projects should be presented to an audience for constructive feedback.
Also, design thinking should be used to innovate VTF solutions. Projects then
need a phase of simulating and testing of assumptions. After the revisions of the
project proposals, a practical implementation playbook should be devised. At this
point, additional funding should be investigated, while continuously building po-
tential expertise and partnership networks to activate once proper funding is

reached.

As for governments, universities, and organisations such as the United Nations,
the Sustainable Development Goals (SDGs) were implemented with the deadline
of 2030, while, reaching that goal on time is providing an incredible challenge.
Investing in the research, development, and innovation of the VTF concept could
set in motion sustainable actions that could later support reaching the SDGs.
However, core project team members should have demonstrated a long term in-
terest in sustainability, this way giving priority to those who are also invested in
the values of sustainability, and not just as a passing trend. Additionally, univer-
sities can develop joint multidisciplinary curricula focusing on developing the VTF

and generating research, development, and innovation deliverables. These pro-
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jects could also be done internationally in a virtual context. Finally, the develop-
ment of the VTF needs a context to share its refined developments such as an
annually or biannually international conference, which could be held at the uni-
versity, while benefiting the university by bringing it increased attention for its de-
votion to innovation and sustainability. Conferences are crucial for sharing devel-
opments and also building professional networks with the competencies to actu-
alise the VTF.
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10 CONCLUSION

The impacts of human activity on the planet is rapidly accumulating, humanity is
now at a crossroads, either continuing business as usual, as though infinite eco-
nomic growth is possible and has no consequences on the earth, or taking a
strong reflection and deciding the future could be better for all. Sustainability is
that path forward, and the Sustainable Development Goals of the United Nations
is a powerful framework to pursue prosperity for all. The VTF symbolises the cul-
mination of diverse sciences while approaching an achievable and a long term
path towards reaching these sustainability goals. Through modelling nature, and
utilising natural phenomena, the VTF puts humanity back in touch with its roots.
Through novel design and innovative technology, the VTF also reaches towards
the future. This research set out to clearly establish the current global condition
regarding food security vulnerabilities and sustainability challenges. This re-
search has established a clear call for change and urgent action. The global food
system is at the source of it all, with unsustainable practices on a massive scale,

particularly due to the majority of conventional agricultural practices.

The VTF offers an alternative to what is not going to work in the long term. Nations
must shift the focus off of short term value creation that comes at the expense of
environment and society. Long term oriented innovative concepts that signifi-
cantly address the Sustainable Development Goals must be identified and fos-
tered. Such projects offer an extraordinary opportunity to the prosperity of civili-
sation. Through more effectively utilising space, the mass implementation of
VTFs could support the restoration of extensive amounts of land, thus shifting
food production practices and supporting consumption habits to sustainable
ones. This research has identified modularization and systems thinking is key to
the VTFs mass implementation, while its ability to transform multiple wastes
streams into valuable resources, along with its use of renewable energy, energy-
efficient technology, passive design, lean operations, and high production capa-
bilities are core to its sustainability and business viability. However, without
proper support, the VTF concept remains just a vision, and out of reach by those
nations most in need. For this reason, leaders and forward thinkers must cham-
pion the VTF concept forward into multidisciplinary research, development, and

innovation projects.
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12.2 Appendix B, Formulas
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Figure 21. Case Distribution Percentage Formula.
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Figure 22. Category Occurrence Percentage Formula.



101

12.3 Appendix C, Domain Systems Analysis Tables

C1,1(2)
12.3.1 C1, Biological Domain Systems
Biological Domain Systems
Food Production Bio-waste Management
Plant Pro- Animal Pro- Num
duction duction Wastewater | Solid Waste ber
Ca H Ra A Mu of
se d Ae | in- u Gr Bla shr | Bio-
# |Y ro | wa | 9 | chic | Be ey | <k Liv | Co | Ver | oo | logi-
ro po | ter aP | ken |e wl|® ing[m |mi- m cal
PO | hic |Ha [°" |Far |Far| at | Y2 | Ma po | cul | Far | Sys-
ni ic . . ter . . .
cs| S| ™V |g |Mn mijer chi | sti |tur | mi [ tem
est g ng ne [ng |e ng s
1 7 1
2 2 1
3 1 1
4 50| 25| 6| 23 1 1 2 4 1 9
5 1 1 2
6 1 4 11 2 1 1 1 7
7 19 1 2
8 1 1 2
9 0
10 3 1 2
11 | 40 9 2
12 110 4 1 3
13 4 3 2
14 | 14 2 1 3
15 1 1 1 1 1 5
16 1 1 2
17 4 1 2 3
18 3 1 1 1 2 5
19 5 5 1 2 2 2 6
20 0
21 1 1 2 3
22 0
23 | 14 1 2
24 | 11 2 21 3 1 1 6
25 | 46 5| 2|92 1 5
26 6 2 1 3
27 2 2 2
28 6 3| 2| 2 1 5
29 | 18 8| 6| 4 2 1 6
30 | 12 4| 2| 3 1 5
31 13 6 3 1 1 1 1 7
32 0
33 4 1 1 3




102

C1,2(2)
34 3 2 1 3
35 | 40| 89 2 3 3 1 2 7
36 1 1 2 3
37 1 1 1 3
38 17 2 4 1 2 2 6
39 10 7 2 1 4
40 8 1 1 3
41 7 1 21 3 1 1 1 1 1 9
42 | 37 4 1 2 4
43 16 1
44 3 1 2
45 1 2 4 3
46 0
47 2 1
48 1 1 2
49 0
50 6 2 1 1 4
51 6 1
52 5 1
53 18 6 3 1 1 5
To-
tal
Oc-
cur Av-
ren | 46 | 20 14 er-
ce 2 3| 55| 2 34 6| 16| 16 4| 18 2 9 [ age
To-
tal
Ca
ses (39| 30| 22| 14 10 4 (10| 12 3| 12 2 9| 3.15




12.3.2 C2, Lighting Domain Systems

103

C2,1(2)
Lighting Domain Systems
Natural Lighting Artificial Lighting
Natu- LED Number
ral Fibre Op- . ight- Of
Case# | |ight, tics/Fiber | Mir- Sa?nit- Fluores- | p | Lighting
Sun- Optics rors ting cent Sys-
light diode) tems
1 2 3 2
2 1 1
3 18 1
4 14 14 2 3
5 0
6 1 8 2
7 9 1
8 0
9 1 1
10 9 1 2
11 2 6 2
12 1 1
13 3 2 2
14 8 1 2
15 3 1
16 0
17 0
18 0
19 1 1
20 0
21 7 1
22 0
23 2 1 2 3
24 1 1
25 21 1 50 15 14 |5
26 5 1
27 0
28 4 3 2 3
29 12 12 2
30 12 1 17 3
31 11 12 2
32 2 2 2
33 2 4 2 3
34 3 1 1 3
35 29 4 1 3
36 0
37 1 1
38 23 1 6 3
39 3 2 2
40 3 3 2
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C3,1(2)

Energy Domain Systems

Case

Solar
En-

ergy/
Power

Wind
En-

ergy/
Power

Bio-
gas

hydro en-
ergy /
power /hy-
droelectric-

ity

Tidal
en-

ergy /
power

Geo-
thermal

Number
Of En-
ergy
Sys-
tems

—

|||

W00 IN

OIOINOO|PRWN|—

~N|w

- W

NN

O =(NO—

AW

—

17

BAINNWO|IO|IO|IO|W_WWI=|INOWOINOIRIOWINOIOINIOIOININIOIN=|IRAOIRAININ(—~



106

C3,2 (2

~—"

42

43

44

45
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46

47
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49
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51
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53

—
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Total
Men-
tions 122 50 16 5 3 17 | Average

Total
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C4,1(2)
Control Domain Systems
Climate Control
Passive Cli- | Mechanical
mate Con- | Climate Con-
Operational Control trol trol
Pas-
sive
Ther- Number
Case # mal, Of Cli-
Pas- mate
sive Hy- | Systems
Infor- Cooli Me- brid
matio Nat- | ng, chani | Cli-
au- | n Inter- ural | Pas- cal mat
to- | Tech- | net of Ven | sive Ven- e
mat | nol- Thing | Al | tila- | Cli- HVA | tila- Con-
ion | ogy s tion | mate | C tion trol
1 0
2 2 1
3 1 1
4 7 1 2 2 1 1 6
5 0
6 0
7 2 6 1 1 2 5
8 1 1
9 1 1 2
10 0
11 3 1 2
12 0
13 1 1
14 3 1 2
15 1 1
16 0
17 0
18 0
19 0
20 0
21 1 2 2 3
22 0
23 0
24 1 1
25 2 1
26 9 24 1 3
27 3 1
28 3 3 2
29 4 2 2
30 3 1 1 3 4
31 4 1 2
32 0
33 1 1
34 0
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39
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52

16

54

10

44

16
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25
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Total
Total Cases Averaged Percent-

Total Do- Occur- Total occur- age Totals: Men- Stand-

main Term | rence Cases rence tions Frequency ard

category Percent- | Occur- | Percent- | and Number of Devia-
Domains Occurrence | age rence age Cases tion
Biological Do-
main Systems 967 | 48.33% 167 | 41.96% 45% 4.5%
Lighting Do-
main Systems 510 | 25.49% 82 | 20.60% 23% 3.5%
Energy Do-
main Systems 213 | 10.64% 74 | 18.59% 15% 5.6%
Control Do-
main Systems 311 | 15.54% 75| 18.84% 17% 2.3%
Total 2001 | 100.00% 398 | 100.00% 100.00% | 0.00%
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D1, 1 (6)
Case # (As Di-
rectly or indi-
Output Code SWOT rectly related | Keywords
to resulting
SWOT code)
Vertical farms and their wide-
spread adoption are currently
validating underlying VTF
concepts of mass productivity Vertical
and profitability in limited Strength | 53 farming
space by using state-of-the- success;
art food production practices
and technologies while taking
advantage of vertical space.
Renewable
energy,
costs; Pas-
Renewable and energy effi- ::VE drz-
cient technologies, plus pas- dL?ct,ion
sive design could significantly | Strength | 34 | 30 | 41 ener ’
cut VTF operational costs in cons%¥np-
the long-term. .
tion; afford-
able, en-
ergy effi-
cient
A passive designed VTF can
take advantage of a locations
natural phenomena, while re- | Strength
ducing energy dependencies
and environmental impact.
Reducing,
The VTF could minimize the land
amgunt of land cleqred for Strength | 39 | 38 clear.ed,_
agriculture, supportive of con- farming;
servation efforts. Less, de-
forestation
, Vertical
The VTF controlled environ- farms. all
ment allows for all year pro- Strength |43 |28 | 40 ’
duction. year pro-
duction;
VTFs can protect crops from Crop pro-
harsh weather conditions due tection, )

. Strength |46 |6 | 34 | weather;
to climate change, extreme climate
weather, and seasonality.

change
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The VTF could eliminate the
environmental contaminations Eliminate,
of agriculture by reducing, Strength | 4 herbicides,
eliminating, containing, and pesticides
treating their use onsite.
The VTF could reduce the
distance food must travel be-
fore it reaches the consumer, Strenath | 34 Food dis-
thus reducing or eliminating g tance
fossil fuels used in the pro-
cess.
The VTF takes advantage of
numerous waste streams, Waste, be-
transforming municipal and comes, nu-
VTF bio-waste into a re- Strenath | 4 8 trients; Re-
source, for example, from lig- 9 use, bio-
uid form with grey and black- waste, nu-
water, or solid form with or- trient
ganic matter.
A VTF’s ability to capture and
store rainwater reduces its rainwater
erendency on the grid, and Strength |41 | 39 harvest, ir-
in turn, lessens the burden on fiaation
natural resources for its ex- 9
traction and transportation.
As similar to vertical farms,
and their hydroponic and Efficiency,
aeroponic practices, VTFs Strength | 4 11 less water;
are also capable of significant Water use
water-use efficiency, in con- efficiency
trast to open field agriculture.
VTFs eliminate the issue of
weeds from agriculture, thus
eliminating costs and time as- Weeds,
sociated with crop mainte- Strength | 23 agriculture,
nance and the environmental removed;
damages related to herbicide
use.
Higher,
economic,
The VTF represents a monu- |nves.t-
. ment;
mental business challenge, Hi
o S igh, ex-
requiring significant up-front Weak- .
. . 41 |49 pertise,
investment, specialized and ness i
o : knowledge;
multidisciplinary expertise,
: . Robust, re-
and a viable business model. -
silient,
business

models
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The long-term orientation of
VTFs requires sufficient cash-
flow in the start-up phase of Funding
operations, requiring ad- Weak- urban agri-
vanced funding, and a longer ness 25 |9 |40 | culture;
period before any return on Upfront
investment, which also makes costs
this an unattractive invest-
ment to many investors.
High, en-
Powering VTF operations erjgr]%/ c;lcz)r;
could require significant en- Weak- Ve phi h,
ergy costs, for example, with ness 41 |31 |7 enQr/ gn.
climate control, lighting, and use'%lper-
automation. atin’g cost
energy bill
The VTF could provide a risky | Weak- 43 ;;errrgcﬁlsky
investment. ness inves’tment
The VTF represents a huge
design challenge to reach
cost efficiency with productiv- | Weak-
ity, while an inefficient VTF ness
could lead to its business fail-
ure.
The customized features of Weak- Sophisti-
the VTF could require signifi- ness 25 cated fea-
cant cost. tures, cost
Penetra-
The VTF will receive limited tion, natu-
sunlight to utilise, for example ral day-
due to its own structural ob- light; Ad-
structions, and from other Weak- 7 35 | 38 dressing
structures, such as surround- | ness natural
ing towers, thus diminishing lighting;
its use of this free and clean Shade,
resource. less sun-
light
Developing the VTFs local
food supply ne?work could Weak-
prove challenging and re- ness

quires a specialized ap-
proach.

112
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The VTF depends on a diver- l—scgrr’]c::(aal
sity of expertise and technical eXp .
- : Weak- implement;
training to the customised ness 4 23 Vertical
systems of the VTF and its f
. arms,
operations. -
technicians
The VTF requires particular
construction capabilities for
) R Construc-
its mass distribution, e.g. mul- :
o . Weak- tion, expert
tidisciplinary expertise, supply 43
. ) ness knowledge,
chain and resource inputs, svstem
and transport efficient and the y
accessibility of its outputs.
The VTF operations will occur
under more compacted condi- Stacked
tions than conventional agri- | Weak- 29 system,
culture, thus decreasing area | ness less floor
of space for working and area
movement.
Environ-
The VTF must operate in spe- Weak- mental
cific environmental parame- ness 41 control,
ters to prevent plant disease. disease re-
duction
The VTF will have a human
resource management chal- | Weak-
lenge, scouting, training, and | ness
developing of staff.
The VTF operations has a de-
pendency on waste streams Weak-
for its operations and is sub- ness
jected to its variable availabil-
ity.
VTFs could enhance a na-
tion's food security by in- Increase in
creasing domestic food pro- food pro-
duction, decreasing depend- ObDOr- duction;
ency on food trade imports, tu?ﬁ 38 |34 Food secu-
reducing the food trade im- y rity; Sup-
port deficit, and supporting port local
the local and national econo- economy
mies.
The VTF significantly ad-
dresses the SDGs, thus align- :
NN : ) sustainable
ing it with national and inter-
. . : Oppor- develop-
national interests, and making tunit 53 ment
VTF initiatives a favourable y oals:
candidate for sustainability- 9 ’
related grants.
Mass VTF production could Oppor- 6 8 Mass pro-
reduce their cost. tunity duction
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The modularization of VTF
components could reduce
production and assembly
costs, reduce construction ODDOr-
time, increase ease of as- tufmﬁ 26 | 25|50 | Modular;
sembly, and create a resilient y
and customisable product,
which could enable its mass
distribution.
Urban agri-
culture,
vertical
farming,
The VTF could be comple- 0 grOW||ng
mentary to urban planning ppor- 41 | 24 population,
; tunity food secu-
strategies. " .
rity; Agri-
culture, ur-
ban plan-
ners, verti-
cal farms
VTF complexity could be sim- ODDOr-
plified by the modularization tuf}ﬁ
of its components. y
First mover advantage. 8?}%’/“
VTF could deliver high-value | Oppor- 50 |6 High value
crops closer to market. tunity crops
A VTF could integrate multi-
ple enterprises into its struc-
ture, such as food shops, ObDOr- Food
providing alternative cash tuﬁﬁ 42 |4 shops; Lo-
flows, and local, fresh, and y cal food
healthy foods as a competi-
tive advantage.
Automation
Automation technology could o productlv-
. ppor- ity/produc-
enhance operational produc- tunit 21 | 41|28 tion: Auto-
tivity and reduce labour costs. unity ’
mation la-
bour
Including the local community
in the VTF operations could Oppor- o4 local com-
help break down social barri- | tunity munity
ers.
Community advocates could ObDOT- Community
be the key advocates of the tuFr)lﬁy 24 leaders

VTF.

collaborate
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Indoor
VTFs could use Al to manage farms, Al,
controls systems with high ObDOr- efficient;
precision and efficiency, as t PP 21 |9 Al, con-

. unity )
well for forecasting consumer trolled en
demand. vironment,

exact
VTFs have the possibility of
retrofitting pre-existing un- Oppor- :
used buildings for urban food | tunity 23 Renovation
production.
. . Technolog-
Future emerging technologi- ,
cal advancements will im- Oppor-- | 55 | 4 | 44 | ical ad-
. tunity vance-
prove VTF efficiency.
ments
Compete,
The VTF must compete with global mar-
established market competi- ket; Unaf-
tors of cqnventlonal agricul- Threat 44 |35 fordable,
ture and its cheaper start-up compete,
costs and operational prac- current,
tices. food, mar-
ket
Complex-
The complexity of the VTF is ity, inte-
a challenge fpr its develop- Threat 27 | 99 grated, .
ment, operations, manage- systems;
ment, and mass distribution. Complex-
ity, facility
The VTFs impact on the envi- Construc-

. tion, tech-
ronment through its construc- nologies
tion must align with its sus- Threat 38 9188,

L . environ-
tainability goals, which has :
. mental, im-
yet to be clearly considered. .
pact;
Urban agri-
culture,
. : high costs;
Laqd in urban Iocatloqs, are Threat 4 9 Cost, verti-
typically more expensive.
cal farms,
urban ar-

eas
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Food secu-
rity, devel-
oping
The early VTFs models will co_un.’;rl.es,
be cost prohibitive to develop- | Threat 42 E)/r;(?trilc:)el;l
ing nations. farm. ob-
stacle, de-
veloping
countries
The VTF could be seen as a
threat to current industries
and way of life, .which could Threat 10 Agriculturfe,
result in campaigns of re- displaced;
sistance and the promotion of
its negative perceptions.
Agriculture,
VTFs compete with other land Threat 16 compete,
uses. other, us-
age
The legalities of a VTF and its
operations are not clearly un- National
derstood, and are based on )
. Threat 53 policy, le-
local regulations, for example,
gal system

the urban zoning constraints
to agriculture.
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Communities contain valuable expertise and resources, that when used properly
can support community development. However, communities risk losing valuable
opportunities due to collaborative barriers. One of the reasons is due to weak
links between dispersed expertise and resources within a community. Another is
that community members do not have sufficient time, energy, or reward to foster
multidisciplinary projects, and already have substantial workloads to consider.
Further, the additional workloads would come at the reduction of personal time,

and failure, at the risk to their professional standing.

Too much burden has been placed on community members alone to act on
interdisciplinary opportunities, resulting in unactualized opportunities, and
unaccountable losses to community development. The position of community
coordinator (CC) aims to address these barriers to opportunities for community
development. The CC relieves the burden of the community members by
specializing in the process of joining dispersed expertise and resources of
communities, through identifying and supporting the development and
actualization of projects by multiple parties to reach both their party's individual
goals and concurrently, an overarching mutually beneficial goal held by all

parties.

This research aimed to support the development of the CC theory. To do this, the
CC position has been explored through action research and reflective practices
and resulted in the development of meta-models to describe the CC position, and
thoughts on CC competencies, tasks, tactics, and strategies. The meta-models
that were developed are as follows: The Core Principles of a CC, The Realms
and Dimensions of a CC, The Relationship and Alliance Hierarchy, Bridging the
Community Gap, The CC Visibility Field, The CC Journey, Seeking a Contact,



3

The CC and the Collaboration Life Cycle, and A Path Towards Strategic
Alignment. The top competencies of a CC were found to be human-relationship,

organizational, research, analysis, problem-solving, and creative thinking skills.

This research contributes to the emerging body of CC literature, the advancement
of the CC position, and by supporting the development of the CC theory. Due to
the subjective nature of the research approach, it is suggested that further
qualitative and quantitative research be conducted to validate these research
findings, identify gaps, improve the current CC models, and develop new CC
models. Additionally, multidisciplinary teams of experienced CC's should work
together to identify and improve the CC's working methods and develop a

practical training guide.

Key words: Community, Coordinator, Facilitation, Collaboration, Competencies,
Community Coordinator Theory
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1 Introduction

A community consists of people that are unified in a particular area, either phys-
ically and/or virtually, and with their purpose in some form of commonality (Cam-
bridge Dictionary, 2020; Merriam-Webster Dictionary, 2020). Communities de-
pend on certain resources and the value that it can provide to its stakeholders to
sustain itself and develop. In the article Community resilience: An indicator of
social sustainability, Magis (2010) describes the importance of resilience as an
aspect of social sustainability in communities, concluding that resilience is im-
portant in the ability of communities to manage and influence change. Commu-
nities also have capacities in their ability to activate human competencies and
social resources (e.g. relationships and social networks), as well as other physi-
cal and nonphysical resources of a community. A community's capacity is the
extent to which they can access and collaborate these elements toward problem-
solving, development, and the sustainability of the community (Chaskin et al.,
2001, p. 7.) While resilience is dependent on the capacity for adaptation to
change, both the concept of community resilience and community capacity con-
sider resources inherent to a community and the use of its resources as essential

in satisfying the needs of a community (Magis, 2010).

Communities can risk missing out on valuable opportunities to activate their ca-
pacity with the inability to use their expertise potential and utilize their resources
efficiently and effectively. A challenge in actualizing these potentials could occur
when a community’s actors lack the specialized knowledge and/or experience for
activating these opportunities. Because of the dynamic internal and external
forces that act upon complex systems such as communities, complex challenges
can emerge. As well, a community’s opportunities may remain hidden or unreal-
ized due to no clear path or a limited focus to address the innovation process.
When resources are limited and expertise dispersed, the ability of a community
to address these challenges and opportunities is diminished and relies on the
knowledge and experience of fewer people. Although this could be overcome by

connecting dispersed people and resources who have similar goals.

It could be beneficial for a community to intentionally develop individuals and/or
groups with the capabilities to address their challenges and opportunities. A com-

munity needs an approach to effectively and efficiently activate their dispersed
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assets, such as their expertise and limited resources. This requires the develop-
ment of initiatives and the coordination of people and resources. The position of
Community Coordinator (CC) could be used to reach such goals. Coordination is
the development of organization between groups and people towards operational
alignment and productivity to reach common and mutually beneficial goals (Cam-
bridge Dictionary, 2020; Merriam-Webster Dictionary, 2020). Therefore, it would
be reasonable to define a community coordinator as an intermediary that builds
relationships, organization, and through coordination of people and resources fa-
cilitates actions to develop and actualize mutually beneficial value creation be-
tween entities. The CC has the purpose to identify challenges or opportunities
that exist within a community or communities that could be better addressed
through a combination of expertise, resources, and mutually beneficial objectives

between collaborative parties.

The knowledge and skills of a CC should be developed to support the training
and development of the CC position. With the position of CC, communities can
better tap into their expertise and resources to address challenges and opportu-
nities. Having individuals and groups trained in the position of CC could help fa-
cilitate the development of projects that require the coordination of multiple par-
ties. This also relieves the collaborative parties of the time-intensive process and
responsibility of intermediary tasks such as planning, coordinating, facilitating di-
alogues and workshops; and also supporting the development of a common vi-
sion, objectives, roles, and responsibilities. In short, allowing collaborative parties
to focus more on the position of their expertise than as a coordinator. This re-

search aims to develop a knowledge base for the position of CC by exploring:

1. What are the meta-models of the CC position?
2. What competencies would human resources need to focus on, to train and

develop an employee for the position of CC?



2 Literature review

In the field of computer science, according to the article Virtual Communities and
Community Coordinator by Akram, Allan, & Rana (2005), resource discovery
could be made efficient for communities through the organizing of people and
resources. Such communities depend on the active position of a CC to be effec-
tive. Communities contain unique people and services, who share and control
community resources. To increase resource efficiency, they make cooperation
agreements. This cooperation requires a coordination process, the development
of negotiation policies, observation, and leadership for conflict resolution. It is un-
likely that dispersed resources and people develop spontaneous collaboration
agreements to create a community without a coordinating person or someone to
manage the community and additionally provide a unique service. It is the CC's
responsibility to coordinate people and resources within the community. To man-
age dynamic networks, the position of CC could be made. A key to an effective
community is its ability to coordinate various people to reach a precise goal.
When it comes to organizing coordination certain challenges need to be consid-
ered. How will the goals be divided into tasks, and how will the responsibilities be
decided? How will resources be shared between collaborating parties? How will
information be shared between individuals? How to overcome the conflicting pref-
erences of collaborating parties to reach a common goal? The CC helps facilitate
the development of strategic partnerships, the organization of network activity,
and discover collaboration possibilities that could improve a community and its

member’s effectiveness.

Similarly, a coordinator position exists as a project coordinator, in the article What
attributes should a project coordinator possess? by Jha & lyer (2006), they sur-
veyed the construction field, as they state the increasingly multidisciplinary nature
of the field is requiring a coordination role as a critical factor for success. Through
literature review and survey of top construction professionals in India, they iden-
tified attributes of the project coordinator that made a difference between the suc-
cess or failure of a project. These qualities included the project coordinators re-
lationship with clients, timeliness, expertise, team player mind-set, and coordina-
tion. They found the results were the same whether they worked for the contractor
or owner's organization. There were also three major skill categories from the 24

qualities that were generated: team building, contract implementation, and project
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organization. They concluded, that due to the nature of a project coordinator’s
need to interact with a vast amount of people, human relationship skill was the

most important skill to seek in developing the position.

Another similar position to the CC position could be the Cooperative Engagement
Professional CEP. In the article Cooperative Extension Competencies for the
Community Engagement Professional by Atiles (2019), Atiles explains that the
CEP represents a university in its extended infrastructure and that they are re-
sponsible in engaging communities of students, staff, and teachers. Additionally,
stating that knowledge in systems theory and thinking is important to the CEP
because it allows the CEP to see the bigger picture more clearly and take an
interdisciplinary approach to complex systems and the challenges and behav-
iours observed within them. Seeing how the parts of the system have interde-
pendencies and relations important when planning. System theory and thinking
can be an important foundation for planning and problem solving because it al-
lows for developing consideration of how one action on a system part could affect
another part. Additionally, stating that the need for teamwork, learning collabora-
tively, and development of community engagement that leads to changes in prac-
tice. The primary goal of these competencies is to develop mutually beneficial

goals between parties through the use of democratic strategies.

In the article Confessions of a Learning Community Coordinator, Mendelson
(2006) describes a four-year experience as the English department community
coordinator in a larger learning community program in the US. Stating that inter-
disciplinary collaboration created new opportunities and possibilities for teachers
and students. A challenge of coordinating learning communities seemed to be
from the time it took to organize and coordinate the curriculum and activities.
Stating that many teachers may go beyond the call of duty if they see it as an
investment in their career. But the incentives remain as personal satisfaction
while the risk being to their professional standing. After surveying department
chairs, it was found that when asked if they would support a learning community
by full or associate professors, the response was 84% in agreeance. The same
question was then asked, but in terms of untenured assistant professors, with the
result of 58% disagreeing, with reasons such as taking time away from research,

and that these efforts are not recognized by the higher administration. Mendelson
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follows this up with the comment saying that the collaboration of learning com-
munities offers the possibility to widen the scope of thinking and realize novel
concepts, although the faculty are at a loss how to follow up and publish beyond
their discipline. Summarizing that teachers do not pursue interdisciplinary con-
nections because they require extra time on their half and the uncertainty of re-
ward. Through linking interdisciplinary teaching, research, and program trends
together, partnerships for grant proposals could be developed that go beyond the

boundaries of disciplines.

Between the above examples, a coordinator has been related to serving an im-
portant functional position within communities as linking people and resources. A
common theme of a coordinator is the ability to develop human relationships,
which requires intentional effort by the coordinator. The coordinator has been ex-
plained as a position that is a facilitator of interaction and organization between
parties to reach mutually beneficial goals. All the above-mentioned cases in-
cluded the need for a coordinator for interdisciplinary and/or interdepartmental
collaboration, even going as far as to say the success of a project was dependent
on the role of the coordinator. Although, it is unlikely that these goals will be
achieved without the intentional position of a community coordinator, otherwise
as state earlier it requires one member of the community to both manage an ad-
ditional workload while continuing to produce their regular service at the same
time. Also, the time that initiative require could be too-taxing on many profession-
als and lacks a validated reward. This is a barrier to accessing potential opportu-
nities to enhance the community and its member's productivity and development.
Similar positions already exist such as project coordinator or the cooperative en-
gagement professional (CEP). In the field of computer science as mentioned
above, there was a need and effort to develop the specific position of community
coordination for virtual communities with the position as a service focus and not
an additional workload. Whereas, in Mendelson’s account of the situation of a
learning community coordinator was viewed as an additional workload with little
professional reward as the top barriers to pursue interdisciplinary opportunities
that could enhance the community efficiency and the value it delivered to its mem-
bers. Additionally, efforts need to be validated by an authority within the commu-
nity and incentivize collaborative participation, which the position of CC could help

legitimize. Finally, since a community has unique elements, processes, and
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forces within, a community coordinator needs to understand and develop ap-
proaches interact with these factors to reach successful results. As was also rec-
ommended for the CEP position, to generate the knowledge of the CC compe-
tency a theoretical perspective of system thinking will be used as a viewpoint to
develop an understanding of interdependencies and relations of the community

as a foundation for interaction.

2.1 Systems, Social Networks, and Stakeholders

Systems are made of elements. Multiple coupled systems form a meta-system.
Systems have specific laws and special processes. Laws and functions reveal a
system's mechanics and the relationship among elements. The composition of a
system is determined by the links between elements within the system. These
coupled elements compose processes and shape operations. With a systems

perspective, a system can be examined and applied to theoretical models.

e System theory is a viewpoint for discerning the interconnections and as-
sociations of organizational elements within a system and by its environ-
ment (Lai & Huili Lin, 2017).

e The standard qualities of a system, include its structure, interconnections,
its emergent properties, how parts relate to the whole, its ability to reach
results by various possible approaches, and tendency towards equilibrium
(Lai & Huili Lin, 2017).

The developed models can represent a system, its coupled elements, processes
and operations. Understanding a system provides the ability to identify patterns
and plan for interventions and improvements. Many systems can coexist in a
complex environment. The links between systems can vary in intensity. While
individuals and groups form a community, multiple overlapping communities
shape societies. Systems connected to the meta-system environment support

dynamic interactions.

A community is a complex system. Membership is regulated by a set of unifying
conditions, whether explicit or implicit. For example, membership could be satis-
fied by an individual holding one or several of the following attributes: location,
common interest, expertise, and/or purpose. Membership depends on an individ-

ual maintaining the minimal qualifying conditions of a community. Abstractly, a
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community operation can be divided into elements to model its processes. Ele-

ments include members and environmental factors.

Within the environment, resources are diversely dispersed. Resources occur in
different locations and at various levels. Resources in particular forms may be
scarce while others are abundant, while its distribution may be concentrated with
certain groups or members. Collaboration can compensate for the uneven distri-
bution of resources. Such exchanges could be symbiotic and mutually beneficial.
Parties within a community must satisfy their departmental objectives. Although,
in collaboration, they must also achieve a common goal held between multiple

parties.

Opportunities may sometimes occur as an emergent property of the community
to satisfy a common goal, while other opportunities are too complex to emerge
without intervention. A CC is a dynamic system element and member. A CC must
develop a meta-perspective on particular functions within a community by linking
members and resources towards a common goal. As a dynamic system member,
the CC must identify resources and expertise, recruit participants, develop net-

works, and facilitate communication to build participant relationships.

The CC also must facilitate project development and the coordinated actions of
participating parties. Community decision-makers are stakeholders with authority
and particular needs. They influence the possibility and extent of collaboration. It
is the responsibility of the CC to align stakeholders needs towards common goals
between parties. Social Network Theory may have overlaps in the systems per-
spective on the CC position and their relation and interactions within the commu-

nity social system. For example,

e Social network theory, is the social structure that defines the essence of
social patterns, such as members within a group and their interactions and
associations (Hinde 1976; Whitehead 1997).

These social networks may be observed as communal interaction points between

members within the system environment. Additionally, interacting with community
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members and developing social network relationships for collaboration and coor-
dination towards mutually beneficial goals will require the consideration of rele-

vant stakeholders. For example, stakeholder theory describes:

e An organization as having numerous stakeholder relationships (Freeman,
1984).

« Regards processes and results of an organization's stakeholder relation-

ships.

o States that all stakeholder interest holds merit, but none should be viewed
as more significant than another (Clarkson, 1995; Donaldson & Preston,
1995.)

« And the decision-making of management is a particular focus (Donaldson
& Preston, 1995).

A CC is responsible for decision-making and underlying processes that affect
participating parties and human-relationships. The CC must consider stakeholder
interest and work towards developing an alignment between multiple participating

parties.
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3 Methodology

Reflective practices are a type of research that involves reflective thinking during
and/or after an action. It includes the practitioner of processes as a means to
observe their performance and develop subjective awareness, as a means for
constructive development, or to discover unique perspectives and approaches
for such processes. Reflective practice is thought to be in alignment with the con-
cept of continuous learning. A subject of concern is how to make reflective prac-
tice occur intentionally, as it may happen on an unconscious level. While recog-
nizing effective processes of reflective practice is an area of interest in the litera-
ture. A lack of structured methodology or framework is some of the criticisms of
reflective practices. To this, reflective practice can be complemented with the
structured framework of action research, thus connecting reflecting with acting
and theorizing. Action research is known for using the following methods: creating
autobiographies, memos, journaling, recording, and storytelling. These methods
can be used as a tool for reflection. The opportunity for collaborative action also
increases the chances to generate critical reflection (Coghlan & Brydon-Miller,
2014.)

Practitioner Experience

Intervention New
Awareness

Synthesis

Prior and
developing
knowledge

Reflective
Practices

Figure 1. The action research & reflective practices feedback loop.

3.1 Reflective Practices

The following are key reflection practices used in the study.

3.1.1 Journaling

Journaling is a tool that is used as reflection papers to encourage learning
through facilitating greater awareness of one's beliefs, values, and work, and also
their other relations (Billings, 2006).
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3.1.2 Visualizations

According to the article Social Work Students’ Thoughts on Self-Reflection: A
Qualitative Study Based on Reflective Journaling by Toros & Medar (2015), out
of 39 Estonian undergraduate social work students participated in a study on re-
flective learning. The findings were that journaling and mind mapping were the
top practices for self-reflection. The students attributed the visual nature of the

mind map and the ability to structure knowledge.

Similar to the visual strengths of mind mapping for self-reflection, creating models
in another way to visualize and structure knowledge for self-reflection of the re-
searcher’s thoughts, ideas, and of my experiences. This will be used to describe
the researchers experience as a CC with the intention of developing meta-level

knowledge of the CC position as a universal theory.

3.1.3 Reflective discussion and dialogs

In the article An Approach to Analyzing the Role and Structure of Reflective Dia-
logue by Katz, O'Donnell, & Kay (2000), they developed an approach to analyse
educational dialogue. They found that problem solving combined with post-prac-
tice reflective discussions were likely to resolve misconceptions than from prob-
lem solving alone. There results were that including reflective activities supported
teaching conceptual knowledge that strategic tasks were founded upon. This
study will use reflective dialogues and discussion with the researchers and their
supervisor pre and post CC activity, planning, and theoretical knowledge devel-
opment to enhance reflective learning and also create an action research feed-

back loop.

3.1.4 Developmental iterations of created content

Created content such as the mind maps and models will go through stages of
progression in knowledge from draft to revised forms based on reflective prac-
tices such as discussion and dialog with the researcher and supervisor.
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3.1.5 Cognitive priming

In the study done by Sparking Creativity: Improving Electronic Brainstorming with
Individual Cognitive Priming by Dennis, Minas & Bhagwatwar (2013), they ex-
plore the phenomena of cognitive priming. They explained that human behaviour
is influenced on a subconscious level and can be influenced through priming with
the use of content aimed to be implanted on a subconscious level an idea that in
the working memory could alter behaviour. In their study, when participants
played a game that was used to prime their minds to improve their generation of
ideas and creativity for brainstorming. The results found that those primed with
the showed a significant enhancement in idea generation and creativity com-
pared to neutral primed participants. In a similar way, and as a supplement to the
researcher’s reflective practices, the researcher had also used a wide variety of
relevant literature as a means for cognitive priming to enhance the outcome of

the action research and reflective practices.

3.1.6 Meditational practices

Through the use of a brain measuring instrument called the electroencephalo-
graphic (EEG), studies on Zen meditation have found to influence many brain
regions, and are able to increase certain brain waves such as alpha and theta,
these are associated with relaxation (Chiesa, 2009). In the article Applied Re-
search Using Alpha/Theta Training for Enhancing Creativity and Well-Being by
Boynton (2001), a study was used to investigate EEG biofeedback of intentional
hypnagogia to enhance creativity and wellbeing. Hypnagogia is a state of primar-
ily alpha and theta brain wave activity. In this study’s results it was found that
participant’s flexibility in thinking had a significant increase (p<.001) and in addi-
tion to wellbeing (p = .002). For this study meditation practices such as focused
breathing, were used with the aim to produce alpha and theta brainwaves in an

attempt to create a brain state that might enhance self-reflection.



17

4 CC Meta-Level Thinking
This section describes the results of the action research and reflective practices
approach to exploring the CC position by the development of the researcher’s

meta-level understanding presented through the use of constructed models.

4.1 The Core Principles of a CC

A result of this action research process using reflective practices was the devel-
opment of the CC theory and explanatory models. To explain what CC theory is,
it is important to understand the core principles of a CC. Figure 2 depicts the CC
core principles. The CC can use the three main principles of “Relate, Organize,
& Coordinate” and their linking principles “Collaborate, Develop, & Facilitate” to

bring the primary alignment of “People, Resources, & Goals” together.

Develop
Relate Organize
People,
Resources, &
Goals
Collaborate Facilitate
Coordinate

Figure 2. The Core Principles of a CC.

The CC needs to identify challenges or opportunity’s that hold a common theme
aligning with the needs of their community, or even multiple communities. Next,
the CC needs to use this theme to find what connections could exist between
people, resources, and goals. To develop a solution or innovation, people’s com-
petencies and social resources, as well as tangible and non-tangible resources,
are also required. To access people and resources towards goals, the benefits of
the collaboration should be in alignment with the needs of the parties involved. It

is up to the CC to relate people, resources, and goals of involved parties and
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develop interlinking relationships. The CC must develop relationships between
involved parties to organize people and resources. This requires the CC to coor-
dinate interested parties and facilitate their collaboration toward developing plans
and obijectives to reach an overarching theme and mutually beneficial goals to-
ward solutions or innovations. This is created through the enabling of access to
the resources between parties and the use of people’s competencies and social

networks to achieve such goals.

4.1.1 Primary Alignment: People, Resources, & Goals

People, resources, and goals are the primary alignment outcome of the CC. In a
successful community coordination effort, the CC has developed the relation-
ships between these three elements. People and resources may be dispersed
within or between communities. It is the CC’s responsibility to align the efforts
and expertise of people, along with their access to diverse resources, into a col-
laborative effort toward achieving a common goal. A goal which meets the needs
of the various involved parties, that supports the sustainability and development

of the community and enhances value to its members.

4.1.2 Relate, Organize, & Coordinate

Relate has two similar meanings, to develop a relationship, and the discovery or
display of the links between multiple things (Cambridge Dictionary, 2020; Mer-
riam-Webster Dictionary, 2020). The CC needs to find and develop the relation-

ships between people, resources, and community goals.

Organize has two similar meanings, it is the planning of things to occur, and the
formation into a holistic harmony (Cambridge Dictionary, 2020; Merriam-Webster
Dictionary, 2020). The CC is in charge of developing a master plan and to form
the various involved parties’ actions into a well-functioning holistic effort. The CC

is developing a new entity by joining multiple parties into a harmonizing initiative.

Coordinate means to create holistic developments and actions of multiple differ-
ent things (Cambridge Dictionary, 2020; Merriam-Webster Dictionary, 2020). The
CC has the objective to combine the relationships of people and resources into
coordinated developments and actions harmoniously between multiple involved

parties.
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4.1.3 Collaborate, Develop, & Facilitate
To active the three main principles, the CC must use the three linking principles
facilitate, develop, and collaborate to reach alignment of people, resources, and

goals.

Collaborate means to cooperate towards a common purpose by working jointly
with a single person or multiple peoples and/or groups (Cambridge Dictionary,
2020; Merriam-Webster Dictionary, 2020). It is the objective of the CC to use

relations between people, resources, and goals, to coordinate collaboration.

Develop means to promote somethings evolution, or to increase somethings clar-
ity with details (Cambridge Dictionary, 2020; Merriam-Webster Dictionary, 2020).
It is the CC’s objective to develop the relations and organization between people,

resources, and goals.

Facilitate means to support the ease of making a thing possible (Cambridge Dic-
tionary, 2020; Merriam-Webster Dictionary, 2020). The CC needs to make the
organization and coordination efforts of involved parties as easy to increase the

chances of actualizing the alignment of people, resources, and goals.

4.2 The Realms and Dimensions of a Community Coordinator

The Community Coordinator (CC) is a dynamic element. A CC works at the con-
vergence between the community and its members (see figure 3). A CC acts on
relationships, within environments, and through operations, to support functions
that align community members toward achieving a mutual goal. These realms
contain dimensions the CC must act within. These dimensions are social, net-
works, systems, processes, communication, and interaction. A community lives
in an environment, which is the foundation that enables members to assemble.
Community members survive by growing complex networks through social be-
haviours to produce beneficial relationships. Interactions can support and work
through social networks which enables the cycling of resources essential to the
development and sustainability of the community. Interactions occur through ac-

tions which become more highly ordered when coordinated by members and pro-
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cesses with communication. The communications occur organically for social in-
teraction purposes to build and maintain relationships. Communication also oc-
curs to develop and maintain operations through structured system processes.
The function of communication is to interact within the environment that satisfies
relationships and operations. The purpose of a CC is to achieve a higher order of
coordination between community members to assist in the development and sus-

tainability of a community.

Relationships Environment

Social

Interaction Networks

Communication Systems

Processes

Functions Operations

Figure 3. The Realms and Dimensions of a Community Coordinator.

4.3 The Relationship and Alliance Hierarchy

A core function of the CC is to develop human relationships (see figure 4). The
relationship and alliance hierarchy represents the stages of relationship develop-
ment. Relationships are needed for healthy partnerships. At the foundation of a
relationship are trust and respect. In psychology, trust is a basis for relationships
among adults. Trust is related to the confidence and dependability that people
have between each other. A person’s predictability also supports the trust they
receive. Respect is also said to play an important role in relationships by support-
ing communication. Respect is the display of honourable interactions regarding
another (APA. 2020.)
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As a CC, building trust and respect is the first level of relationship development.
Trust and respect are minimal requirements for developing a healthy relationship
and alliance with people. Through these elements, the CC is more easily able to
move up the relationship development pyramid into cooperation. Cooperation is
more available at this stage. Cooperation will develop over time through interac-
tions. During this relationship process, the outcome is to develop an ally to reach
a goal. Each level of the relationship and alliance hierarchy must be maintained
to reach the next level of relationship development. This means, to reach the next
level of responsibility, trust and respect must be sustained, at the same time co-
operation must be fostered. When trust, respect, and cooperation are satisfied, a
potential ally will become more available to take up responsibility. As a CC, trust
and respect will continuously be challenged throughout the relationship develop-
ment. For example, actions the CC must take to align the relationship toward a
mutual goal, such as preparation and consideration for a meeting will act to
demonstrates the CC's competencies to organize and handle the challenges of a
project. This will either support or diminish trust, respect, and a person’s willing-

ness to cooperate and take on responsibility.

Building a professional relationship to reach a goal requires a significant effort on
the CC's part. When a CC can demonstrate that they are worthy of continuous
trust, respect, and cooperation, the person will be ready to move up the relation-
ship and alliance hierarchy to take on the responsibility themselves toward a com-
mon goal. At the stage that responsibility is held within the relationship, collabo-
ration can begin. Collaboration happens when those within the relationship are
ready to work together towards a common goal. This leads to alignment when
those within the relationship are collaborating towards a common goal, sharing
responsibility, cooperating, with an underlying sense of respect and trust for the
best interests of each other. While there are key people in projects that the CC
will need to achieve alignment with, there will be people that require only gaining
cooperation. Reaching cooperation in the relationship and alliance hierarchy may
only require a short-term relationship while reaching alignment is a long-term re-
lationship investment that requires attention to foster and sustain. Developing al-
lies is key to a project's success and requires human relationship competencies.

Developing human relationship competencies is key to the CC position.
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Figure 4. The Relationship and Alliance Hierarchy.

4.4 Bridging the Community Gap

A community can be viewed as both a system and a social network. From the
systems perspective, a community can contain numerous sub-communities. For
example, if a university is considered the primary community, then the various
departments, would be considered its sub-communities. They together make up
a whole, but individually, each sub-community has its purpose. For example, in
figure 5, let's say that community A and B represent two distant departments. In
systems terminology, they are loosely coupled, due to the community gap, alt-
hough, they have a weak connection through being a part of the whole, that is
the university. To connect these two distant sub-communities, A & B, they require
an interface, this is where the CC comes in to bridge the gap between these two

loosely coupled communities, making node C a point of tighter coupling. Addi-
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tionally, a community functions to develop and sustain itself. Linking these com-
munities through the CC requires a greater purpose to satisfy the inter-community
collaboration. This greater purpose is a mutually beneficial goal, that to reach
requires the actions and resources of each other.

Stakeholder A

Authority &

Needs Community A

Community Gap Acting Party B

Autonomy
Scope

Autonomy Interaction Bridge
Scope

Acting Party A

Community
Coordinator

Authority &

Community B baeds

Community C Stakeholder B

Figure 5. Bridging the Community Gap.

From a social network perspective, each community is built on its social networks
between members. In figure 5, interaction points are depicted as nodes, A, B, &
C. Intra-community nodes are A and B. While inter-community nodes may occur
emergently, they may be a weaker link than is with the intra-community nodes
due to the community gap. The community gap represents any barriers to inter-
action between communities A and B. For this reason, the CC acts as an inter-

community bridge for interaction by creating node C.

When a systems perspective is over-laid with a social network perspective, these
communities come to life as complex and dynamic organisms, with the core pur-

pose to develop and sustain themselves. In nature, symbiotic relationships are
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known to occur between lifeforms that depend on one another to accomplish mu-
tual survival-related goals. Between communities, these relationships can also

occur, or be developed. A CC's job is to facilitate this symbiosis.

If a community were to be viewed as an organism, it would have numerous func-
tional parts to perform its object of growth or its development, and survival or its
sustainability. For example, a community's stakeholders serve as the executive
function, as the brain of an organism, and are responsible for decision-making
and setting the community's objective. The CC's function is to find connections to
these stakeholders and develop goals that are mutually beneficial to the commu-
nity's objectives. The community stakeholders have their community interests as
a priority, as well, they have the authority to make decisions that affect community
activities. It is wise for a CC to seek an understanding of these needs. In this way,

the CC can build a better alignment with project goals and stakeholder needs.

Also, a community has its acting parties, these are not completely exclusive from
stakeholders, but their decision powers fall under the framework of the top deci-
sion-maker’s policies. An acting party is like the legs and arms of an organism
and gives the organism the ability to perform actions. Acting parties are the peo-
ple in a community that will be taking actions within a community to perform their
functions. As a CC, identifying and building relationships with acting parties is
necessary for implementing projects actions. Acting parties are limited to the
scope of their organization's mission and policies. Additionally, they need to be
empowered within their scope to achieve their objectives. The autonomy of an
acting party is important to respect, as it gives them a sense of ownership over
their actions. As CC, making connections and building relationships in a commu-
nity with their stakeholders and actors is necessary towards reaching dispersed
expertise and resources needed to actualise an objective. Also as a CC, such as
in Figure 5, will be bridging the gap between communities so that that may take
collective and coordinated actions that are in alignment with achieving a greater

mutually beneficial goal.

4.5 The CC Visibility Field
In figure 6, the CC is the central figure, surrounding is the visibility field and its

content: A, B, C, & D which represent contact persons from each group. The CC
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must discover a contact person within each group to uncover each group's avail-
able resources. Resources are represented as puzzle pieces because each
group's resources could become connected to another groups resources. Re-
sources are both assets and expenses. For this reason, each group has focused
on some development of specific resources and excluded others due to their fo-

cus scope and/or the constraint of costs.
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Figure 6. The CC Visibility field.

When a common goal is discovered between the groups, to bridge the interaction
gap and the constraints of resources, the CC can facilitate awareness of the op-
portunity to each group. This requires the discovery of a contact person from each
group while using this contact to link back to available resources and additional
contacts such as a decision making stakeholder being one of them, although they
may not be the first contacted, only those within the visible field can be contacted
directly, and through their links back into their own groups resources the CC’s
field of vision is supplemented. A process will then take place in identifying and

unifying compatible goals between the groups.
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4.6 The CC Journey, Seeking a Contact.

Figure 7 depicts the systems view of the CC’s journey for seeking a contact per-
son. A contact person is important because they are a community systems ac-
cess point. Through the contact person, important collaboration opportunities ex-
ist, such as an access point to the community network and resources. Through
the CC journey, the CC will first need to enter the system environment where the
CC will encounter gates. Gates restrict further entry until their requirements have
been satisfied. This could be, for example, needed information, such as the qual-
ifying contact credentials and directions. Once the gate requirements have been
satisfied, the CC will continue the journey towards finding a suitable contact. The
CC must find the right place for contact, this could be physical or digital. Finding
the right place is not enough, the timing also has to be right, otherwise, another
gate requirement in time will have to be satisfied. When these two qualities are in
alignment, the system environment’s emergent opportunities will become acces-
sible. For example, this may come in the form of a potential ally along the way,
such as a helpful person. The helpful person may deliver you right to the qualified
contact person or through a series of gates requirements, which they may assist
you through. Otherwise, the emergent opportunities could lead the CC directly to
the contact person, or directly through the potential ally. In these system environ-
ments actively seeking information and the contact person by the CC is a neces-

sary function of the CC throughout their journey.

K Community Coordinator Journey: Seeking a Contact \

Emergent Contact
Opportunities Person
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Figure 7. The CC Journey, Seeking a Contact.
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4.7 The CC and the Collaboration Life Cycle

The collaboration of people towards a common goal has a life of its own in the
collaboration life cycle (see figure 8). Similar to lifeforms, collaboration has its life
phases: incubation, birth, growth periods, and life transitions. The CC plays a
special role in fostering the collaboration life cycle by facilitating situations and
actions that promote its evolution. In the incubation phase, a common goal and
initial project proposal that could be mutually beneficial to multiple parties are
conceived. The CC enters the collaboration life cycle, whether emergent or as-
signed by a higher order, with this background information. The next step comes
from the CC intentionally seeking to develop a coordination effort. This includes
actions such as research, organizing a logical order of the information to present
to potential partner parties, and seeking out these parties with a project proposal
and collaboration invitation. This occurs by discovering a contact person and

making contact.

The developmental phase begins when a collaboration invitation is accepted by
interested parties. This phase is about building enough trust and respect with
interested parties that they are willing to continue and increase their scope of
cooperation from not only the CC but to other interested parties. In the birth
phase, the initial group is formed, and there is a general acceptance of the pro-
ject, as well, there is a continued interest in continued cooperation to the next
phase of the collaboration life cycle. The growth phase of the project begins with
a minimal amount of responsibility and collaboration among the project group.
Through the coordination effort of the CC, a meeting time and place are arranged
among participating parties. Coordination occurs when this group of participating
parties and the CC move to a common interaction location. At this meeting place,
increased collaboration occurs through the collaboration process facilitated by
the CC between the participating parties. This collaborative process consists of
a set of key topic areas to explore, and an ideation process that develops the
project definition and common understanding of all parties. From each topic area
that is explored, awareness and ideas will emerge. It is the CC's responsibility to
note and organize this information. As each input should be aimed at creating a
more refined and developed output, which should also be used through further

developmental feedback loops. These meetings are important to build further
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clarity of the project scope and objectives, which supports the alignment of par-
ticipating parties towards a common goal. As well as to support increased trust
and respect within the group to lead to the participating parties taking on more

responsibility for the project, which enables further collaboration.

The coordinated meeting of the project group leads to a new awareness as an
outcome of the collaboration process. This output of group meetings results in a
project package, clarifying participating parties’ roles, responsibilities, and objec-
tives. As well, a project plan must be defined to reach these objectives and the
overall goal. This project package will lead to the implementation of the project
plan in the form of actions by the CC and participating parties towards reaching
their objectives and reaching the overall goal. Implemented actions will lead to
project outcomes. This is a form of feedback that will indicate future actions to
take to align the collaborating parties towards the overall goal. With these feed-
backs, the project will reach a developmental cycle. This is a feedback loop of
the in the collaboration life cycle, of reflecting, planning, implementing, and reval-

uating the results. This is a process the CC will guide and facilitate.

When the project group have reached their primary objective, the collaboration
life cycle will reach a life transition phase. In this phase, the project may be closed.
Although, the project can be rebirthed and go through a transition phase. In this

phase, a new project proposal will be created, and group members or the CC



29

may change. From there, the project is rebirthed and the collaboration life cycle

continues once more.
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Figure 8. The CC and the collaboration life cycle.

4.8 A Path Towards Strategic Alignment

An essential aspect of the CC position is activating interested parties towards
strategic alignment, as depicted in Figure 9. On the Y-axis, the higher up, the
more orderly the operation must be implemented, while the lower down, the more
emergent that characteristics will arise from an operation. On the X-axis, the fur-
ther left, the more cooperative an effort is, while the further right, the more collab-
orative the effort becomes. The path to activating interested parties begins on the
far left. After qualifying interested parties, the CC must organize them towards a
purposeful collaborative effort. Through gaining interested parties cooperation a
meeting must take place, this will occur when all parties’ schedules align. Plan-
ning requires both order and emergent properties, as the CC cannot organize the
interested parties’ entire schedules around an orderly one favouring the project.
Therefore, organizing people for meetings is semi-orderly, and semi-emergent
from their availabilities. A CC must be open to opportunity and agile to act upon
them to gather interested parties together. Also, a meeting must be open to emer-
gent properties that arise from the process that could benefit the project, while

the information for the project must be clear and orderly, from which participants
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can build a common understanding. Planning the project will arise from both of
these properties. It is the CC's role to organize the structure of gatherings while

being open to the direction participants can contribute.

Moving to the right of this diagram is dialogue and workshop. Dialogue is useful
in gaining participants expertise and creativity while focusing on a specific pro-
gression of topics. The topics are key areas, that will engage participants in dis-
cussions that will define the details and scope of the project. Workshops are ac-
tivities that engage the participant in some kind of discussion and activities. The
CC's job is to facilitate meetings to plan and organize future actions, dialogue and
workshops are methods to tap into the participants' expertise and creative re-
sources. While dialogue leads to a focused series of discussions, brainstorming
is a workshop activity that can lead to creative and emergent solutions. From
these meetings, the CC must organize the resulting information into a coherent
plan, that both guides toward the primary goal, and is flexible to adjustments
along the way. This process has the potential to lead the interested parties into
becoming longer-term collaborative parties aligned towards achieving a common
goal. Through the ordering of information, people, and processes, while also fa-
cilitating cooperation, the CC can guide interested parties toward taking goal-re-

lated actions.



31

Acting

Orderly
Organizing
Dialogue
. Discussion
Planning
Brainstorming
Workshop
Meeting
Emergent

Cooperating

Figure 9. A path towards strategic alignment.
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5 CC Practicalities

This section presents the synthesis of the researcher’s experience through famil-
iarity with the body of relevant literature on the subject and through the action
research and reflective practices. The resulting subsections regard the re-
searcher’s thoughts on the competencies of the CC, and also gives suggestions

on some tasks, tactics, strategies that a CC may encounter.

5.1 Competencies of a CC

Through this action research experience, and upon the researcher's reflections,
the following are recommended competencies for human resources to consider
when selecting a job candidate, or training and developing employees for the CC
position. As mentioned previously by Jha & lyer (2006), human relationship skill
was the most important skill to seek in developing the project coordinator position.
The researcher also affirms those findings through experience as a CC, human
relationship skills are a core competency of the CC position. The article Social
Skills: Definition and Examples listed the following six professional social skills:
effective communication, respect, empathy, active listening, conflict resolution,
and relationship management. Stating, these skills support to develop and sus-

tain professional interpersonal relationships (Indeed, 2020.)

Organizational skills are another competency the researcher's experience has
shown important to the CC position. In the article Organizational Skills for Your
Resume three types of organizational skills are mentioned, time management,
mental and physical organizational skills. Time management supports adaptation
challenges while reaching task deadlines, such as scheduling and coordinating
people, planning, and strategic thinking. Mental organization skills concern atten-
tion to details, information processing, and it's clearly expressing one's thoughts.
The physical organization skills regard documentation and the organization of
information, and also the coordination of people and resources to perform activi-
ties (Maclntosh, 2020.)

The CC position also requires research, analysis, problem-solving, and creative
thinking skills. Additionally, facilitation is a skill needed to guide people through
the project development process to reach a common goal, such as by hosting,

guiding, and leading meetings, and taking care of related considerations to make
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the process as easy as possible for the participants. Also, multicultural compe-
tency is a useful skill for the CC. Since people are diverse in backgrounds, this
ability will assist the CC in navigating a variety of situations with people, giving
them a better chance in achieving a positive outcome. Finally, the ability to ac-
quire multiple stakeholder perspectives and understand their needs, while also
aligning them towards a common goal. This essential competency requires the
ability to explore multiple domains of expertise to gain enough general under-
standing. This allows the CC to competently interact and support a party's spe-

cialized development within the project.

5.2 Tasks, Tactics, and Strategies of a CC

A CC is responsible to align and coordinating multiple parties to achieve a com-
mon goal. This process is not a standard formula for all situations but may consist
of common tasks, tactics, and strategies. First, the CC must work with their as-
sociates if they have any, that is involved in the community coordination project,
such as a supervisor or project member. The CC must develop the preliminary
project proposal and identify what diverse groups could collaborate their exper-
tise and resources towards reaching this goal. The CC should catalogue a list of
potentially interested parties and gather necessary contact information. If there
are no known contacts within a group, finding the intermediary options is neces-
sary, to reach an appropriate contact. An intermediary can be any person of an
organisation that could point you in the right direction to locating a contact. The
project outcome should be considered, and a timeline should be created. This
must include major milestones to reach the end goal. At this phase, it does not
need to explicitly detail, but give a guide in a general direction. The project time-
line should have hard deadlines and soft deadlines. The hard deadlines should
be aimed to reach on time as a top priority, while soft deadlines are more flexible
to adjust. A weekly agenda needs to be made to schedule daily tasks. This will
keep the CC organized and timely. When a task is completed it can be check-off
as completed. Through doing tasks, the CC will increase their directional aware-

ness of the project and should continuously update the weekly tasks.

A project folder should be created and include general subfolders that will keep
documentation organized as they emerge. It is recommended that there be active

and archive folders, for example, a main file for the "preliminary project proposal".
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Documents should be catalogued with sensible names for easy retrieval, while
draft documents should be labelled by its version number in the document title,
such as V1, V2, V3, etc. Each day the CC works on a draft it should be saved as
the updated version, such as V1 at its creation, and the following times it is
opened to work on it, it should be first saved as V2, and so on. In this way, im-
portant information is not lost if one needs to refer to a previous version. Older
versions of a document can be filed away in its main folder when it becomes
outdated, this way folders stay organized and documents are easy to retrieve.
For example, a folder titled "archive" or "old" can be used for this purpose. Title
all folders according to their theme and category, while documents by their rele-
vant topic, plus version number, and date. Non-essential files can go into a sub-
folder within its relevant category folder, for example in a folder for miscellaneous
named "misc". In the long-term, files concerning the project will accumulate, and

without proper organization, the CC won't be as effective.

The first primary task of the CC is to take the preliminary project proposal, find
good-fit collaborators, and begin contacting them. It is good practice for the CC
to introduce themselves, and if a relevant person had put the CC in touch with
the contact, which the contact is familiar with, that should be mentioned to begin
building trust. An email is one way to contact a potential collaborative party, alt-
hough it is less personal than meeting in person. It is important to begin relations
with respect, so the CC should address the candidate by their full name and pro-
fessional title. If the candidate later responds addressing the CC by the first name,

then relation has built enough for the CC to do the same.

If the CC cannot find contact information, or a contact the CC can go to the loca-
tion of a good-fit organization and explore the environment to find information and
people who can help the CC contact an appropriate person. The CC must intro-
duce themselves, explain who they are, whom they are working for, and why they
want to contact someone from their organization. At this point, the CC should
explain the preliminary proposal and get their feedback. It is helpful for the CC to
create and practice a sort of "sales pitch" of the project, in this way advertising
the most valuable points to the candidate which will help promote their curiosity.
Although this sales pitch does not have to be formally pitched. By practising a

sales pitch prior, it will assist the CC in remembering key points to cover so that
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they can emerge naturally in the conversation. This type of practice may enhance
the CC's communication ability since meeting new people can be stressful for
many. Following the meeting in person, the CC should acquire the candidate's

contact information, while giving their own.

There needs to be a delicate balance between formal and informal when emailing
or meeting with candidates for the first time. For example, regarding the persons
with respect and seriousness about the project is important, while adding a few
personal touches throughout the interaction can support building human relation-
ships. For example, taking some time to ask how the person is doing on that day
can open interaction with a personalized feeling that most people will appreciate.
The content of the first contact should consist of communicating a clear enough
understanding of the project that they see a logical connection to their organiza-
tion while leaving enough room that they can help define the details of the project.
If the first contact was done through an email, the follow up should be to schedule
the first meeting to discuss in person the project. Although this first meeting may
simply go back over everything already written in the email, people appreciate a
more personal meeting to get to know a person. A physical or virtual meeting will

give a face to the person behind the email, and help build trust.

To build awareness of the project needs the CC must ask for the candidate’s
initial feedback, for example, the ideas and concerns. This information should be
used to develop a clearer understanding of the project, this is a continuous pro-
cess of the CC, as there will be much domain-specific awareness that will arise
through the process. After the first contact, the CC should evaluate the response
of the candidate. Did they explicitly or implicitly show interest in further coopera-
tion? Did they show confusion or implicit or explicit disinterest? Reflecting on in-
teractions is the job of the CC, as they are working to build human relationships,
they must be introspective and agile to the development of the relationship. The
CC should follow up all meetings thanking the person for their time and consid-
eration. For the first contact, this should be within a day or two after the meeting.
This helps busy people remember the CC and their project invitation. It is also a
chance to build the relationship further, and at the same time, follow up on any

important considerations regarding the first contact.
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If a candidate has shown as unwilling of further cooperation, an alternative can-
didate should be discovered, contacted, and met. In the meantime, other inter-
ested people should be given a weekly to bi-weekly update on the project status.
This will promote the continued interest of the other potential collaborative par-
ties. The first major milestone of the CC's job is after they have met with all can-
didates for the project who show an interest in further cooperation. At this point,
it is important that all interested parties met together and further explore develop-
ing the project. With multiple parties, scheduling can be difficult. From the re-
searcher's experience, a democratically chosen meeting date did not work and
delayed the project. The CC may want to take the initiative to set a likely date in
advance. In the researcher's experience, this strategy had repeated success.
However, meeting in person may be inconvenient or not possible for all parties.
In this case, virtually meeting can be a reasonable alternative, as compared to
further delaying the progress of the project. Even if not all parties can make it to
this meeting, this is a good touchpoint to make with the interested parties. Anyone
who cannot attend can be assured that it is no problem, and they will be updated
with the meeting highlights. The CC can also allow them to suggest the time for
the next meeting. The CC should use common sense situational awareness in
scheduling meetings, considering holidays, or any other significant indication that

a particular day would be an unreasonable date.

For all meetings the CC must plan an agenda. The agenda should cover key
topics of the project, while at the same time this should not necessarily be an
extended presentation. The CC should consider creating dialogue points and
questions to cover. A dialogue will assist in raising awareness in areas about the
topic that will help the CC develop a common understanding of the overall project
among participants, and also bring to the CCs attention, areas of the project that
have not yet been considered. The highlights of the discussions should be noted
before they are forgotten. If it is a virtual meeting, and it is accepted by the par-
ticipants, recording the meeting can be a helpful tool in reflecting on everything

that had been covered.

The first meeting should aim towards gaining enough information to make a

clearer project proposal. The main project goals should be discussed and the



37

major milestones between interested parties should be explored. Asking ques-
tions to the participants helps them engage and feel empowered about the project
creation. If the project requires a more creative solution, brainstorming or design
thinking type processes could be used to develop solutions. The CC may find that
this type of activity would be useful in the following meeting. The goal of the meet-
ing is to build human relationships between the interested parties and the CC,
aiming for their long-term interest in collaborating, and reaching alignment and

direction towards the primary mutual goal.

For the first meeting, the CC should start the meeting off somewhat informal, first
asking how everyone is. After this, everyone should be encouraged to introduce
themselves to each other briefly. These steps can support building human rela-
tionships. The CC then should restate the general information concerning the
preliminary project proposal. After which, the CC can give an overview of the
topics that will be discussed. The CC must promote everyone's opportunity to the
participant by encouraging them to speak up when they need to, and asking them
to listen and wait for their turn to talk while others are speaking. This encourages
respect among participants. The CC should not dominate the conversation yet
guide and facilitate it in a productive direction. The CC needs to display listening
skills and demonstrate they are listening and considering participant’s thoughts.
As a CC, a continuous goal is to encourage the interested parties to become
active in developing the project. Conflict resolution is also an important CC com-
petency, the CC must be proactive to avoid unnecessary or unproductive conflict,
although debate should be encouraged respectfully. Conflict resolution also re-
quires the CC to be empathetic to the participant and stakeholders needs, this
requires some thought to consider the situation from their perspective. Being able
to hold different perspectives will assist the CC to build collaborative relationships

among involved parties.

Meetings will need to be scheduled often enough to keep interested parties com-
mitted to continuous involvement in the development of the project. As well, meet-
ings should be used as a tool for the development of the project by exploring key
topics, problem-solving, updating on everyone's progress, and planning of future

actions. Aside from meetings, communication hubs are a helpful tool for agile
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project development. Applications such as Teams can be used to create a com-
munication and information hub. Teams is a software application, which the CC
can create a group channel for the project. In the Teams application, content can
be posted, files uploaded and stored in folded, and virtual meetings can be sched-
uled and held. Software like this puts group members in touch with each other
outside of email and meetings. Other applications the research has found useful
for centralizing information and communication are WhatsApp, a phone applica-
tion for creating chat groups, in which messages, pictures, audio, videos, and
files can be shared in real time. Also for collaborative group work on documents
Google Doc or OneDrive have worked well for the researching in previous expe-
rience. With these applications groups can collaborate on word documents,
presentations, spreadsheets, and creating surveys, and also folders can be cre-
ated and the files. These are computer applications that works in real-time on the
internet. This could be an advantage for project progress and member engage-

ment.

The CC's job is to support the collaboration of parties to reach a primary mutually
beneficial goal. The CC facilitates cooperation, supports collaboration, and
guides coordination. The CC is like a central processing unit of a project group,
with the continuous objective to ease the workload of the participating parties.
One reason that was mentioned, for why people did not pursue multidisciplinary
projects was that there was too much workload (Mendelson 2006). This is the
reason for the CC position, to open up opportunities between diverse groups of
people to activate their expertise and resources towards a mutually beneficial
goal. For this reason, a CC must find practical ways to reduce their relations
workload. This can happen by the CC taking responsibility for many tasks to re-
duce their relations workload, such as preparing, advertising, and organizing the
storage of important documents; organizing meetings and events, and any other
task that can be reasonably outsourced to the CC. The CC must free up collabo-
rating parties to focus on tasks that involve their area of expertise and coordinate

their actions with one another in alignment to the primary goal.
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6 Discussion

A community’s resilience depends on its capacity to adapt to change, resilience
and community capacity consider resources inherent to a community and the use
of its resources essential in satisfying the needs of the community (Magis, 2010).
For this purpose, the role of CC is a viable means to activate the community’s

potential. This research aimed to answer the following questions:

1. What are the meta-models of the CC position?

2. What competencies would human resources need to focus on, to train and

develop an employee for the position of CC?

In regards to the first research question, through using action research combined
with reflective practices, the researcher was able to identify and develop 8 mod-

els:

1. The Core Principles of a CC.

2. The Realms and Dimensions of a CC.

3. The Relationship and Alliance Hierarchy.
4. Bridging the Community Gap.

5. The CC Visibility field.

6. The CC Journey, Seeking a Contact.

7. The CC and the collaboration life cycle.
8. A path towards strategic alignment.

These models were an effort to explain the CC position from a meta-perspective.

6.1 The Core Principles of a CC

The first model, 'The Core Principles of a CC', developed an underlying philoso-
phy of the CC's role. This philosophy encompasses and connects the CC with a
sense of purpose to strive towards, the alignment of people, resources, and
goals, to achieve a greater unified effort towards a mutually beneficial overarch-
ing goal. This philosophy is important for the CC, so they can develop a universal
perspective on the CC position, to guide their thinking and actions as a CC. It is

in the researcher's consideration, that this type of philosophy could also have
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further-reaching implications beyond the scope of the CC position, as a unifying

of people towards prosperity philosophy.

6.2 The Realms and Dimensions of a CC

The second model, 'The Realms and Dimensions of a CC', it explains the CC's
convergence between the community and its members. This is useful for a CC to
understand because it offers an overarching perspective of the realms and di-
mensions in which the CC will be acting within a community. This awareness

offers areas in which a CC can perform the CC philosophy.

6.3 The Relationship and Alliance Hierarchy
The third model, 'The Relationship and Alliance Hierarchy', is a relationship de-
velopment map. This is useful for a CC in understanding the path to developing

relationships that align with the primary goal among multiple parties.

6.4 Bridging the Community Gap

The fourth model, 'Bridging the Community Gap' depicted a perspective in which
the CC could view a community, as both a system, a social network, and together,
see a community similar to an organism. This is important because it gives the
CC a dynamic perspective of a community. It also further defines the CC's role,
as developing bridges between people, connecting dispersed expertise and re-
sources, building multidisciplinary collaboration, and aligning parties towards a

mutually beneficial goal.

6.5 The CC Visibility field

The fifth model, "'The CC Visibility field' demonstrate that the CC is a limited field
of awareness, and therefore needs to network with available people within the
visibility field to access opportunities. Also, this displays the idea that groups have
various resources, and to achieve a greater goal, they can put these resources
together, like puzzle pieces. This infers, that the CC's job is to find good-fit groups
with complementary resources and expertise to overcome limitations and reach
greater goals than they would separately. At the same time, the expertise and
resources may be hidden from the CC's awareness, and the must operating with

what is already available in their visibility field, to reach back further and identify
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opportunities. This is important for the CC to become aware of their visibility field

and identify areas in which they need to extend their visibility.

6.6 The CC Journey, Seeking a Contact

The sixth model, "The CC Journey, Seeking a Contact' is building on the previous
model of the visibility field, in this case, it is the journey the CC may go through
to seek contact. This is helpful to the CC to be aware that reaching a contact is a
process and requires the CC passing through various challenges to reaching the
contact person. With this knowledge, a CC can expect that sometimes seeking a
contact person will require more exploration and discovery, such as physically
going to a likely location and trying to find information and guidance that would
clue the CC in the right direction. Also, the CC must realize, this process also has
to do with emergent properties of an environment, such as the people and infor-
mation available, and that such dynamic characteristics of the environment are
also time-dependent. With this mind-set, the CC can plan appropriately for the

best chance of success.

6.7 The CC and the collaboration life cycle

The seventh model, 'The CC and the collaboration life cycle' explains the life
stages of a collaborative project. This knowledge gives the CC a roadmap to plan
and help the CC understand what stage of the project they are in, what the next

steps and process are, and what important outcomes should be produced.

6.8 A path towards strategic alignment

The eighth model, 'A path towards strategic alignment', is to a guide that a CC
can use to build strategic alignment with partners. This model gives the CC an
overview of taking interested parties from simply cooperating to collaborating to-
wards a mutually beneficial primary goal. This also brings the CC's awareness
that certain aspects of the process require more orderly development, while other
aspects will have more emergent properties to be aware of. This guide can be
developed into steps that the CC's can adjust to their particular project require-
ments. The outcome of this is to guide involved parties to participate in developing
and taking strategically aligned actions.
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6.9 CC Competencies and Activities

In regards to the second research question, through using action research com-
bined with reflective practices, the competencies of the CC position for training
and development have been explored. The primary competencies of a CC were
found to be human relationship skills including communication, active listening,
conflict resolution, and relationship management, as well as social skills respect,
empathy, and multicultural competency. The CC also needs organizational skills
such as time management, as well as mental and physical organizational skills.
Also, research, analysis, problem-solving, and creative thinking skills are im-
portant for the CC position. The ability to gain multiple stakeholder perspectives

for decision-making is another competency that the CC will benefit from.

6.10 Significance, Limitations, and Further Research Recommendations

The importance of identifying these areas of competency for the CC position is
that it gives direction for the training and development for the position. From this
training and development strategies can be developed from. This research is sig-
nificant because, currently, the researcher has not identified any publications
concerning a unified "Community Coordinator Theory". The results of this re-

search support further building of the community coordinator theory.

The limitations of these findings are due to being based on a limited research
study, and that action research and reflective practices can bias the results to the
researcher's perspective. Although this research does open the door to building
the community coordinator theory, such findings should be followed up and vali-
dated by additional research. Additionally, the lack of experience in the CC posi-

tion of the researcher could also be a limitation.

The researcher recommends that this research be followed up with qualitative
and quantitative research to validate these research findings, identify gaps, im-
prove the current CC models, and develop new CC models. Additionally, multi-
disciplinary teams of experienced CC's should work together to identify and im-

prove the CC's working methods and develop a practical training guide.
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7 Conclusion

Communities across the world risk losing out on precious opportunities due to the
community gap between organizations and their dispersed expertise and re-
sources. For a community to develop and sustain itself, it must become effective
with its resource usage. Creative resource usage must compensate for its scar-
city. This becomes possible when different groups of people with complementary
resources and expertise compensate for each other's deficiency and collaborate
to reach a common goal. Although, many obstacles are preventing this phenom-
enon from emerging naturally. The extra hours it takes to coordinate people, the
uncertainty of appreciation and reward for one's effort, and the additional work-
load that a dedicated person must take on to ensure progress and success are
too much for most people. Thus, many opportunities are lost because is much
safer not to try at all. However, this could all be avoided if communities were to
adopt a specialized position dedicated to removing such barriers and tapping into
the vast possibility that multidisciplinary collaboration could bring. The benefit that
this position could bring could offer much more benefit than it may cost. This
position is the community coordinator (CC). The CC enables opportunities be-
tween multiple parties by tapping into and connecting valuable resources and
expertise to reach an overarching goal that is mutually beneficial to all parties
involved. The CC removes the barriers that have traditionally prevented collabo-
ration to happen. The CC facilitates the whole process while giving the experts
more time to focus on their expertise. The CC is a position that requires the train-
ing and development of multiple competencies and is a field worthy of develop-
ment in its own right. It is recommended communities invest in developing the
community coordinator position. The advancement of the community coordinator
position is a step towards enabling opportunities to more effectively utilise a com-

munity's capacity while together increasing its resilience.
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9 Appendix A: Work Reflection Dairies

9.1 Week 1

This week | have begun my practical training with the Learning Lab at TAMK. |
am not sure what to expect and am open-minded to learn new things. | am to
start working as the position of a Community Coordinator (CC). | don’t know that
much about being a CC but the term seems to imply that | am to work with the
community and develop a collaboration between various parties. This week was
mainly focused on the practicalities of starting a new job, such as developing the

work contract and going over objectives and expectations of the job.

For my objectives | will be working on several different initiatives as a CC, the
primary initiative is to develop a project team for a “Historical Culinary Experience
Event” and create a report what a CC is. My secondary objectives are to support
sustainable development projects in TAMK such as the Sustainability and Impact
Club of Ykampus and the Learning Lab’s Sustainability Open Space and to sup-
port a network link between the two initiatives. A third initiative will be to support
the development of a podcasting studio in TAMK and link opportunities for pod-

casting back to the sustainability initiatives.

| have met with J my supervisor and he has discussed and mentored me about
the CC position and especially the Historical Culinary Experience event. | have
at least three primary parties to try and coordinate, the International Business
Experience Economy course, the Restonomi department, and the Historical De-
partment at the other university. For now, | am just trying to understand the con-
cept and how | would explain it to these parties to encourage participation. | will

start to look for contact people and also begin to gather information about CC.

Other practicalities included using information technology to join the workplace
environment and organize and communicate information. | downloaded the ap-
plication Teams to my computer and created a work folder “Community Coordi-
nator Project”. This is a good way to make my work and progress visible to my
supervisor, and anyone else interested in what | am working on at the Learning
Labs.
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| feel that as a CC there is a bit of uncertainty | will have to navigate and planning

I will need to do to achieve success.

9.2 Week 2

This is the second week of my practical training CC role. | am still a bit unsure of
this Historical Culinary Experience Event project | am to coordinate. My questions
are what will | say to make it more of a concrete concept and how to explain it to
the potential parties. | created a basic description of how | could best explain the
concept and | shared it with J. My understanding was increasing, but | also
needed to sell the concept a bit more, so | worked on creating a pitch for the

concept and discussed it with J.

| found the email information of the Experience Economy teacher here at TAMK.
| sent her an email about the project first since | felt the topic would be more
intuitive to her and she would be a good first party to meet with. | had received a
reply from her and we planned to meet the following week. | also sent a message
to the student union of Restonomi, and have set up a meeting for the following

week as well.

This week | also went to the Sustainability and Impact Club meetings. It was nice
to meet such enthusiastic people and discuss the matters surrounding the topic
of sustainability. | spoke to the club leader V about collaborating with them on
creating Instagram content for the club. She showed interest in the idea, although
gathering a picture was difficult since | did not want to disturb the ongoing discus-
sion, plus | should ask for permission, which not everyone wanted to be in a pic-
ture. | will think on how to proceed with this later, as it is not the top priority at the
moment and maybe later | could find a member of the group who would be inter-
ested to collaborate on this effort. For now, | will just focus on integrating and
building trust and membership within the group.

This week | also began searching for material on CC. | found that the subject
matter was not as clear as | thought it might in the literature, but there seems to
be cross over from different areas of coordination such as a project coordinator,
and also it seems to be spoken about a bit in the information technology field. |

am trying to synthesize available knowledge to develop my understanding of what
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a CC is. | created a preliminary model that looks like a network structure that |
discussed with J to get his feedback and see if the model was intuitive for fresh
eyes.

9.3 Week3

This week | started by meeting with Z, the Experience Economy teacher about
the historical culinary experience event. The meeting was scheduled from 9-10,
and | had booked the room at the Learning Lab to host it. | arrived early to pre-
pare. | was thinking it would be important to manage some aspects of the envi-
ronment to support a good atmosphere for discussion. | also had been writing
down potential questions to ask, sort of like semi-structured interview questions.
| wanted to try and get Z's perspective on what the concept meant to her. | was
a bit nervous because | did not have enough content to last a one-hour discussion
on the topic. But | said what | could to explain the concept without putting too
many limitations on what it could be. The open questions were met with enthusi-
asm. The meeting was not as long as | thought it had to be, but it was around 20
minutes and ended on a positive note, with the interest of further potential collab-

oration.

| also met with another potentially interested party this week. | meet with A, from
the Restonomi Student Association. | found out the previous week that for this
meeting the Learning Labs room was not available for booking and there was
also some big event going on at TAMK so | had to figure out where to hold this
meeting. | remember the info desk helped me before with this, so | checked with
them and manage to get a room for the event. | arrived at the room early to make
sure the environment was organized and professional looking for the meeting. |
arranged the desks to create a table and set the seats in a way | thought wouldn’t
feel awkward. When we met, | explain the concept and asked the questions like
previous. This time | was meeting with two people and they were also students.
They had much less to say, and the meeting was quite brief. | wasn’t sure if it was
good or a bad thing, perhaps it was most efficient this way. They said they would

vote on the matter with the student union and get back to me with the results.

| think meeting in person is important because it feels more personal than just an
email. | feel like people see the matter of concern is more important to take some

time to physically meet and discuss it. | feel | understand the concept a bit more
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after meeting and discussing it with people as well. This was also a good learning
experience for coordination and planning, as well as some social and professional
skills that | was practising such as communication, and cross-cultural compe-
tency. Also taking notes is a very important task, | had been relying on notes to
help manage information during discussions. | feel this shows the person also
that what they have to say is important enough to write down and remember. This
has helped me later organize my experience into summaries that | could send to

my supervisor after the meetings.

| also was asked by my supervisor to think about what are the major milestones
of my developing project. | created a project timeline for the historical culinary
experience event and added some major milestones | needed to reach, such as
meeting all interested parties, coordinating a brainstorming and planning meet-
ing, create project plan draft, revise, and deliver final project plan to the stake-
holders. | meet with J to discuss the timeline and together we revised the timeline
to something we both felt was reasonable. | feel like the project timeline is a good
tool to use to stay on track with objectives. It is good we planned it early in the

project.

The rest of the week | was going to the sustainability meetings and reflecting on
what | had been learning to develop further models of the CC. Reading the liter-
ature about related theories and similar concepts is helping clear my mind about
how to think of my position and how to act as a CC.

9.4 Week 4

This week | focused on reflecting on my previous experiences, and the literature
that | had already read. | find that reading something multiple times helps me
notice things | missed or think about what | had learned in a new way. | worked
on developing another model about the CC and how they operate in an environ-
ment. | found that there are certain barriers to the CC based on their field of
awareness. In order to reach collaborative parties and activate their resources
they need to find a link to the right person within that system. | have been working

to develop my thoughts on this concept.
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| had previously been looking to contact a member of the history department, |
found they have a programme at the other university called the Historical depart-
ment of excellence. | had sent an email last week but still no response. | was
worried that the email did not make it to the inbox of the person | found and |
could not risk the project falling behind. | thought instead of just relying on an
email | should make plans to visit the other university and find out if it is possible
to meet someone from the department. | went to the info desk at the main building
and then at the second building they sent me to. | had then located the depart-
ment, but no one was there, the hallway was empty. | decided maybe | could
knock on a door and try to talk to someone. Still no one available. Then | saw a
guy and asked him if someone was available to talk to. | was told everyone was
at a meeting for the next hour. | decided | would wait at the bench nearby. | used
the time to gather my thoughts and wrote down all the points that | thought was
important in their context. After about an hour and a half, | checked the hallway
again. Finally, | saw someone and asked for their help. They asked several po-
tential people if they were available until we finally found one. | then discussed

the concept, got the persons contact info, and left my contact info.

After this experience, | realized that sometimes you just need to go into the envi-
ronment where you could meet a potential contact and be available and put effort
to find one. When you do not have any link from someone you know, this could
be a good method because | think the first meeting in person with someone new
can help build trust and credibility. This experience also got me thinking of a new
model in which the CC operates through their journey of seeking a contact per-
son. | started to make drafts of this concept as well. | also ended the week at-
tending the Sustainability Open Space of the Learning Lab. | agreed to lead the

next session with a few volunteers from the session.

9.5 Week 5

This week | had sent a follow-up email just to thank the person for their time and
remind them about the project. This succeeded, in they replied about how they
would discuss the project in their next meeting and get back to me. Now | would
just be waiting for their reply. | updated my supervisor and the other interested
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parties of the situation. | later received an email from Y that would be their de-
partments representative. We arranged to meet the following week at her univer-
sity.

Now that | was waiting on the response | then focused on further developing the
CC models and theory. | also discussed the previous week’s meeting with J. We
talked about how to move forward, such as the need to plan a workshop later for
the interest parties to plan and develop the project together. | think letting them
participate together helps build relationship and trust and opens communication
while brainstorming and planning the project helps develop ownership and com-

mitment to the project to take on responsibility.

| also attended sustainability and impact club meetings. | found another member
interested in social media and content creation, we agreed to work together on
the club’s content creation. We set up a meeting to discuss our objectives. We
decided we would make a content creation storyboard on Onedrive to help us

organize and collaborate on content creation.

| also had a meeting with the sustainability open space team to plan our process
for the next workshop. | learned the importance of asking open questions and
allowing others to share their perspective. This was helpful to build a common
understanding of our objectives and plan to move forward. We decided we need
a program structure to develop with an agenda. We used Onedrive to organize a
word document and a PowerPoint to contribute our thoughts to our workshop

plan.

| also meet up with Anssi this week to set up the podcasting room. We gather
supplies and unpackaged and set up equipment. We developed the equipment
layout in the room and prepared it for later operation. We realized that the com-
puter we had would not work for our operations so we have to wait for a proper
computer before further progress. It was nice to take action in setting up the room,
it gives me an idea of what | will be working with to facilitate the podcasts. | also
had shared with the sustainability and impact club there could be a possibility to
participate in podcasts about sustainability topics in the near future, and that |
would keep them updated. It's interesting to see how developing different social

and professional networks in one project can have overlaps in other projects that
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provide access to resources. | think it would be much more difficult to search out
participants randomly than to access the resources of the network that | am al-
ready developing. | can see having a network can be a powerful resource.

9.6 Week 6

This week | met with Y from the Historical Center of Excellence. | had prepared
for the meeting by reflecting on my other previous meetings and wrote down what
| thought were the most important points of interest in the history departments
context. | had found out that the history department was researching the “Lived
Experience” of Finland. | felt like this was a really good fit for the project and
emphasized on this area of interest that they would have the opportunity to bring
to life their research through the historical experience event. Y responded well to
this perspective, and through the open questions | asked, | found she had plenty
of ideas for the project and potential organizations to coordinate. After the meet-
ing, | updated my supervisor and we discussed the situation. We talked more
about developing a workshop for project development.

| learned from this experience preparation is always important and creating a di-
alogue the aligns with the context of the interested party rather than just keeping
it generic is also important. | also thought about how important it was to consider
multiculturalism as an element in this experience. | want to respect my contacted
people, and this requires | consider that my cultural background is different from
theirs. | think one important aspect that | focused on was regarding communica-
tion. | have been told many times since | have come to Finland that Finns appre-
ciate silence and that is normal for them. In my culture of the US, silence can be
considered awkward, and this compels people to fill the silence with conversation.
In my multicultural situation, | realized it is important to give people time to think
and some silence is ok. | think this also let the Finish people feel more comforta-
ble when dealing with me. | ask questions and let people talk and think, and | just
listen. Later on, the ownership of the project will be transferred to them, so it is
important as well to let them build up ownership of the concept instead of just say

what | think. This was a good experience to practice cross-cultural competency.

Later this week, | found out we received the computer for the podcast room. |
went to help set up the software and learn how to use it. After figuring out the
setup, | created a user manual of the podcast software so that other people could

use the equipment. This took quite some time, and | had to think about each step
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of the process and how could the user manual explain what to do when no one
else is there to explain. | sent the draft of it to my supervisor, and | think it would
be a good idea for someone to test it out to see if it works ok or what information

might be missing.

| ended the week developing a process for the next sustainability open space
meeting. After the previous meeting, not much had been progressed. | decided |
need more information on hosting a workshop. | felt that from my previous expe-
rience perhaps design thinking could be an inspiration. | read all about design
thinking and came up with an inspired workshop process that could facilitate con-
cept creation using sustainable development goals as a framework to help narrow
focus to important areas of sustainable development. | met with the team mem-
bers about the process version | created and together we went over it and revised
it.

9.7 Week7

Over the weekend | had a Sustainability and Impact Club meeting about the In-
stagram content and developed this week’s post. | started the week attending the
sustainability and impact clubs weekly meeting. | shared with members that later
today we would be having a Sustainability Open Space meeting as well. The
meeting was discussing the need for sustainability to become more visible at
TAMK and that the university could use the Sustainable development goals as a

framework to build upon.

Later that day, | went to prepare for leading the sustainability open space meet-
ing. The team members have arrived as we previously discussed and arranged
the room and set up drinks and snacks. | had gone over the presentation slides
earlier in the day to make sure they work well and look good in our setup. Now |
was going over the slides with my team and also getting J’s feedback. We made
some minor adjustments regarding activity time. We then waited for the guests to
arrive. | decided adding music could help ease the social tension, which we later
reflected was a good decision. As guests arrived, some team members lead them
in, and | greeted them and started some small talk while we were waiting. | think
this helped the people feel less awkward well waiting for the program to begin. At
10 minutes past the meeting time, we decided to begin. We used an icebreaker

activity to help socialize everyone and get them more comfortable. | learned that
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easing social tension is important for giving people a good experience and sup-
porting their participation. As we went through the main body of the process |
watched as our experimental process unfolded. We guided participants through
the very general through several levels of narrowing their focus using sustainable
development goals and open questions. Open questions are really good for gen-
erating participation, gaining unique perspectives, and tapping into the resources
people already have. We ended the program with a visualization and presentation
activity. | was surprised how well it all went and the creative outcome the groups

developed.

It seemed we did pretty well for our first workshop, but we still needed some time
to digest our thoughts and reflect on them. We agreed to meet J the next day for
a debriefing discussion. We reflected on what went well, what was challenging,
what we could improve upon, and what we could take away. We agreed the pro-
cess was pretty well in general, but the time of the activities worked well for a
small group of people, but perhaps it wouldn’t be the same for a larger group. We
agreed that further collaboration past the session by participants might be too
much to ask, although some showed interest in the podcasting, many seemed
nervous when we asked if they would sign-up to do a presentation about their
concept the following month. | talk to a participant | knew from the sustainability
and impact club later about this and he made me aware of the assumptions | had
about human behaviour and my thoughts of those interested in sustainability. |
was thinking that people interested in sustainability were passionate to make a
change, but | was not thinking about if they wanted to do extra work without much
in return, like an incentive to make their time feel worth it, such as credits. He
suggested the idea that coupling the sustainable open space as having a part in
the sustainability and impact club could be a way about this since they would be

getting credits for participating in the club.

This idea an important lesson | keep thinking about during this practical training
experience, how to work with human behaviour and not against it? If | want to
access collaborative opportunities and coordinate people, | need to work with
them in a way that is already meaningful to them. This is something | will reflect
upon throughout this experience, how to work with human behaviour, it is the

social aspect of community coordination.
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| also worked more on developing the Historical Culinary Experience Event this
week. | was trying to figure out how to coordinate interested parties for a meeting.
| looked at some meeting planning apps but decided | would make my own shared
document excel with meeting dates and times for them to fill in. | sent on the
emails, custom to each party’s context. | am waiting on their reply now and to see
how this all works. Will | be able to find a good time 2 weeks out that works for
everyone, or is this not enough advanced notice, or maybe they could be just very

busy at these times. This will be an interesting step in the CC journey.

| also have been working on CC models for the theory of the report. | took the
concept like the customer’s journey and combined it with a system and networks
perspective to give an overview of the contact seeking phase of the CC. | have
been reading about theoretical frameworks and thinking about how to bring this
concept together. From what | learned there is a social networking aspect of it
and also a system and process side of it. | will think about these concepts to

develop the report.

9.8 Week 8

This week’s focus has been on my reflecting on what | have learned so far to
create. | have been considering that | had to reconsider my approach to schedul-
ing the first group meeting with the interested parties. It is time to try setting it for
another date. In the meantime, | came up with a few questions to send to them,
perhaps | can get a clearer picture by trying to piece together their thoughts and
expectations. | have also been focusing on my theoretical framework, does it in-
volve systems, social networks, and stakeholders. | will keep looking into the
available literature to develop my understanding. | also met with my supervisor to
discuss facilitating the first meeting with historical culinary experience event part-
ners. He told me about the possibility that dialogue has to guide a conversation
in a constructive direction. This sound logical, and | will think more about what
key points | should cover in this meeting. | also checked on the progress of the
podcasting operations this week, ventilation construction had taken place, now
the room should be ready for a test run soon. Finally, | had read earlier about
social sustainability and community resilience, this seems to be an important

area, and had reread the article several times.
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9.9 Week?9

This week | focused on the community coordinator report. This week was the
focus on researching and reflecting on my thoughts and experience. | began to
develop the results section with models | have been working on. Also, | have
written the methodology section, about how | am combining action research and
reflective practices. | believe that cognitive priming of the literature has expanded
my understand of what a community coordinator theory could be. Additionally,
meditational practices, have aided in my mind digesting the large volume of liter-
ature | have been consuming. | complete the literature review this week. | ended
up citing some things about community resilience as well in the introduction. This
week | had been waiting again for a unified schedule date for HCEE meeting but
again, all schedules conflict. | feel like this is delaying the progress of the project.
Having all members select days they are available seems logical and democratic,
but behind the scenes, | don't know if it is as effective as it seems logical. Although
as | haven't much experience | will try it one more for a further date into the future.
Perhaps my timing was too soon for everyone. Although, | am now considering
the possibility of a virtual meeting as it is more convenient for everyone to meet
online than to physically to plan to go somewhere.

9.10 Week 10

This week | attended the Sustainability and Impact club, as it was about urban
gardening a subject | am interested in. In the end, we took some group photos
together for their website. My primary focus had shifted this week, as | had a
presentation at the Responsible Business Seminar, concerning my thesis topic,
Vertical Tower Farms as a solution to food security and sustainability challenges.
For this reason, my schedule was unavailable for two days. Although, the circum-
stances in the world were already rapidly changing. The coronavirus had spread
worldwide. | had already been feeling a bit stressed because of my workload, my
practical training, thesis, and presentation, but | do this for the challenge and op-
portunity to push myself to develop. Although this situation was extra stressful
and dangerous. | had to take action and decided that | will distance work for the
time being.

9.11 Week 11

My progress had been challenged this week with the mounting workload and

stress of a global pandemic. Now everything must be down virtually. It's a good
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thing | decided to take the extra course last semester regarding virtual multicul-
tural project groups on the Zoom Platform. | am already familiar with many apps
like Zoom, Teams, OneDrive, Google Docs, WhatsApp, etc. However, | will try to
do my best, even if my work progress becomes slower. This week | had met with
J to discuss my projects. This was a good time to reflect on my progress and
experiences so far. We also had a group meeting about the sustainability open
space, since we can no longer physically meet. We decided we would try to cre-
ate a session virtually. For this, we tested out Zoom and Teams to see which
would work better on my not so great student Wi-Fi. Zoom was the best option
for this, now we needed to practice using it. After we got familiar with it, we had
to agree on the topic. Since all the chaos going on, | volunteered to transform my
previous presentation on my thesis topic into a video we could present. We also
considered using an app called pallet which we could screen share using the
zoom, and topics could be presented in posted notes that participants could add
their comments on. This was a potential tool for facilitating the discussion. Over
the weekend, | spent extra hours preparing the video, e.g. organizing and writing
the script, practising and recording the audio, and video editing. This process was
more challenging and time-consuming than | first thought, but the product would
be something that | could continue to share in the long-term. We also decided
that we could make a YouTube channel for our sustainability open space project.
Which | then uploaded the video on for the presentation.

9.12 Week 12

This week was focused on preparing the sustainability open space session com-
ing up the following week. We met and practised the meeting on Zoom several
times. | realised that it was silly to screen share a video on YouTube when it's
taking up extra Wi-Fi from Zoom. We also agreed to that a team member with
better Wi-Fi would be the backup host and also screen shares the video, which |
sent in a file. | had developed some poster concepts to advertise the event and
made an intranet blog post advertisement which would broadcast our activity in
the student and staffs email. We also advertised on our social networks about the
event. | had received bad news this week regarding the HCEE. A member had to
withdrawal from the project due to the chaos the coronavirus has caused to the
school system. To me, this was hard news to take, as | had been trying to coor-

dinate a meeting for several weeks, and now | wondered if | had acted too slow.
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| replied to their email assuring them | understood, that | would keep them up-
dated on the projects progress and that the door would still be opened for them
later on when things settle down more. | decided to hold off on any further action
until | could discuss the matter with my supervisor the following week and after
the sustainability open space meeting.

9.13 Week 13

This week was the first virtual session of sustainability open space. | had re-
quested my wife turn her computer and phone Wi-Fi off during this to ensure
proper Wi-Fi signal. The introduction went well, although | was a bit nervous, |
had written down my talking points just in case | couldn't think clearly. There were
about 20 participants. The video played well as we had practised. Gaining en-
gagement took a little bit of encouragement, but after the participants got warmed
up, they got decently engaged in the topic. It felt good after the meeting that all
the effort had been rewarded with raising awareness about important issues and
a potential solution, my thesis topic on vertical tower farms. It was also nice to
find a way to combine my thesis and practical training. The next day | met with E
and J to debrief on the session and to coach me on my practical training. We
decided that | would give more responsibility to the other group members for the
next session so they could develop their competencies. We also discussed the
high labour cost to produce the results and agreed that it is not something we
could likely do for each session, but it was good anyway because we were resil-
ient to come up with something on such short notice, amid the pandemic circum-
stance.

9.14 Week 14

This week began two sustainability open space meeting for this month. We dis-
cussed an alternative approach, and | informed the members they have creative
freedoms to lead this next session while | will support and coach them along. |
decided that it has been too long in between meeting the HCEE interested parties
for the first time and we are yet to coordinate our first meeting. Additionally, we
already lost a potential party to the chaos of the situation. | had to take a chance.
| decided that at all costs | must meet with any of them if at all possible, and by
the end of this week. | created a zoom chat meeting date for Friday and sent
invitations to the interested parties. At first, | only got my supervisors acceptance,

but in the middle of the week, Y had accepted. Even if was only her, that was
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better than losing another interested party. Now my dilemma is what am | sup-
posed to do for this meeting. | don't understand this event that well. | meditated
and reflected. | realised, | just need to research and find anything that is somehow
similar and | need to combine that with any possible background experience |
have to make a basis for the meeting agenda, and something to build the project
from. | remember going to a renaissance fair when | was in the US a few times
and enjoyed it. Also, | had been to a few October Festivals. That was it, | needed
to look more into the development of those events, and also search for anything
about culinary events and especially concerning Finland. It was three days until
the event. Finally, | had a thought, | should just put my thoughts down in and just
restate the preliminary project proposal, but also adding my connection of the
event to similar cultural events, and some thoughts about collaborating, the major
milestone, which was an autumn course, and the possibility of summer projects
that J and | had discussed previously. Somehow just documenting this infor-
mation and thoughts made an artefact that the involved parties to share and com-
ment on. | put my best effort to make the document look professional using Pow-
erPoint, it was like a hybrid between a word document with the nice formatting
features of PowerPoint. | uploaded this document to the Teams folder as the first
document shared thereafter | got my supervisors comments and made revisions.
| somehow came across the term information package as | was talking to my wife
about what | was doing. This became the artefact to build the meeting upon. Fri-
day was the meeting, | had been working towards this for a month now with de-
lays and losing an interested party. There was a lot of pressure to do it right, and
yet, | was not exactly sure what that was. | came up with an agenda for the meet-
ing | would try to create a dialogue around. When the meeting began, it was on
Zoom, | greeted everyone, asked how they were, and gave everyone a chance
to introduce themselves. | was happily surprised to see A had joined and brought
an associate Ari. | had recommended that we all have our video on at the begin-
ning so we could all get familiar. | was a bit nervous, so | used my notes to help
me remember what | wanted to discuss. | figured going over the information pack-
age could be a way to get the perspective on these matters. There were some
moments | felt like | was a bit awkward but awkward or not this meeting had to
take place. As | went through the information package the participants began to
have thoughts and comments they wanted to share. The most important outcome

was that we built some relationship altogether and that we discuss the possibility
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of summer projects which turned into our key point of the meeting. Additionally,
the participants gave the feedback that the project was not yet that clear, in which
my supervisor asked if | could take some responsibility to create a project pro-
posal based on our meeting, which they agreed.

9.15 Week 15

This week had been dedicated to getting the project proposal completed as soon
as possible since the project had already a major delay. The week began with a
debriefing of the meeting with J. He had helped me critically reflect on the meeting
and the key takeaways of that should make its way to the project proposal. Fol-
lowing this, | had a series of notes to transform into a project proposal, yet | had
not written a formal project proposal before. | dedicated much time to read about
this type of document. after two days this and developing not very appealing
drafts | had to stop and meditate, digest all these thoughts and experiences and
organize my mind while allowing relevant thoughts to surface and pass through
my mind. | then began just free writing it from the beginning, but this time, every-
thing was much more organized. | had the continuous realization that developing
events is balancing the imaginary and creative side with the reasonable and log-
ical side and that these nonexistent projects develop from a certain degree of
creativity and hype. | had finished the document and asked for my supervisor's
comments before | shared it. From the following meeting, my supervisor gave me
the comments that it needs to be easy to get the main information quickly. The
outcome of this meeting was the suggestion of an executive summary, and the
key highlights of the document to be next so that someone tired and busy can get
these key points and pass it on to other stakeholders in their parties. After these
revisions, | uploaded it to Teams and also emailed it to the interest parties. | then
scheduled a follow-up meeting for the next Friday.

9.16 Week 16

To begin this week, | had already got the invitation for Friday's meeting accepted
by one member, and by mid-week, all members had agreed to meet. This next
meeting will be focused on the next major milestone of the project, creating sum-
mer projects to support the autumn semester implementation of the project for
the designing of the event. In the meeting, the outcome was that | would take
responsibility to define the summer project description by the following week and
advertisement would begin as soon as possible. The session was recorded at the

request of another potential supportive party to the summer project. | also made
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an online document with the key areas of focus that we would cover during the
meeting, which | had recorded key points in their relevant sections as the meeting
proceeded. | also needed to plan with my sustainability open space for the ses-
sion the following Monday, so we met and went over our thoughts for the meeting.
The previous meeting it was suggested that we discuss COVID-19 and sustain-
ability. We had agreed to cover this topic, and | had requested one member make
a poster. | used this posted to make the next intranet blog post advertising our
event, and sent out emails to the previous attendees. We agree that the workload
needed to be divided. Someone should design the pallet based on the topic areas
we determined, and each of the members would be responsible for being their
topics discussion leader. We also managed to get two guest experts to join and
give their perspective on the situation.

9.17 Week 17

This week began with the sustainability open space session. It had gone better
than expected thanks to our practice and planning | believe. The outcome is a
video of the session we added to our YouTube channel and a blog post that one
of the guest experts published about the session. This week was busy as | fo-
cused on creating the summer project descriptions for both the history students
and the service business students. To do this | reviewed the recording of the
previous meeting several times to take additional notes. | had to research into the
history side more so since | was unfamiliar with this field and their curriculum
approach. To make sure the students doing the summer projects received credits
that would be valid to their study path, | researched about history curriculum,
course and project descriptions, and what some of the key competencies they
are expected to learn. | then synthesized this understanding into the orientation
of this summer project. For the service business students summer project de-
scription, | did the same, although as an international business student, and hav-
ing taken some tourism and event planning courses | was somewhat more famil-
iar with what | needed to do. | completed the two descriptions by the end of the
week and had asked for their party’s feedback.

9.18 Week 18

This week has been dedicated to completing my report on the community coor-
dinator theory. | should reflect on the model | have created and revise their pre-
vious description and add it if there is none. There are eight models | had to cover,

then | wrote about the competencies of the CC position, and some tasks, tactics,
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and strategies | believed would be important for the training and development of
a new CC or for human resources to have a basis to build the position from. After
this, | researched how to write a discussion section, which then | reflected on
what | had developed in the results section. After rereading the document many
times, | completed the discussion section. This left me with just the conclusion
and abstract to create. | research several articles about writing a proper conclu-
sion section and completed that. | was already familiar with writing an abstract,
as that was how my vertical tower farm presentation got accepted to the seminar.
At the beginning of the week, | had received an email from Y that her associates
gave many comments to the summer project description. Additionally, she was
able to get approval by her decision-makers that she could be a supervisor for
the summer projects. It made me feel good to support another person in creating
an opportunity. My next steps are to reflect on the comments and send them back
for revision. Once they are approved by the decision-makers, we will begin the
advertisement for the summer project, as soon as possible, since it is early May.
| plan to create a follow-up meeting after the final summer project descriptions
are to be advertised. We need some meetings to create clarity about all the prac-
ticalities of implementing the summer project. So those will be my next steps. And

the CC journey continues...



