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Abstract: African cities are growing rapidly into inefficient, unsustainable, resource-starved ecosys-
tems that negatively affect the local economy and food production. Food as a critical resource needs
to be produced and managed more efficiently by local communities in the urban area. Urban smart
farming (USF) has emerged as an important mechanism to address these challenges to achieve sus-
tainable, resilient, and inclusive cities. USF has the potential to be the industry 4.0 green revolution in
agriculture, which embodies innovative digital technologies. However, it is unclear how local African
communities and key stakeholders perceive this novel solution and if they are willing to engage
in its uptake. This study examines the relationship between the perceived benefits and challenges
of USF and the willingness of local African communities to actively participate in USF projects as
a potential mechanism to improve local economy and food production. To assess this relationship,
a causal model was developed. In this causal model, the local economy and food production were
defined as dependent variables. The conceptualized model and the inherent causality between the
constructs were validated through a survey administered among African cities’ residents. The results
of structural equation modelling indicate a significant positive impact of perceived benefits of USF
as well as the willingness of African communities to engage in this technology on local economy
and food production. Only minimal adverse effects of the perceived challenges of USF on the local
economy and food production have been found. The study concludes that the benefits and will-
ingness of local communities are the key drivers for implementing urban smart farms in African
metropolitans. Therefore, it is recommended to focus on the benefits and the motivation of local
communities in African cities where USF shall be further developed, rather than on the barriers. The
validated causal model can be used as a framework to facilitate the adoption of USF in Africa and
consequently enhance the local economy and food production in African cities.

Keywords: food production cities; local economy; African community; sustainable production; urban
smart farming

1. Introduction

Food production in a controlled indoor environment without using soil or sunlight
while utilizing minimal water and energy alongside technological innovation, within
proximity to urbanized areas, has the potential to be one of the main drivers of the next-
generation agricultural revolution [1]. Crop production in an isolated building, where
abiotic factors such as wind and temperature are controlled via innovative technologies,
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which eliminate the risk of natural disaster, requires less space (50%) and water (80%)
compared to traditional farming uses. This technologically driven farming in urban areas,
or urban smart farming (USF), can be considered a sustainable method of agriculture in
line with Sustainable Development Goal 2 (SDG 2), which focuses on food security and
zero hunger as its primary objective. Sub-target 2.3 explicitly focuses on doubling the
agricultural productivity and incomes of small-scale food producers, particularly women,
indigenous peoples, and family farmers, through equal access to land, other productive
resources and inputs, knowledge, financial services, markets and opportunities for value
addition, and non-farm employment [2].

USF also has the potential to tackle some of the challenges in developing cities through-
out Africa in the post-pandemic era. These challenges include the shortage of food pro-
duction, low local economy and job creation for marginalized populations (such as youth
and women), and a high vacancy rate of commercial buildings. Integrating the concept
of sustainable development, indoor vertical farming, innovative technologies, and urban
regeneration can mitigate some of these problems [3].

This research will contribute to the body of knowledge on this topic by investigating
how to best facilitate the opportunity of regenerating urban spaces by converting vacant
buildings into indoor smart farms, and what future interventions should focus on. To the
best of our knowledge, research is still failing to explicitly examine urban smart farming in
Africa, its perceived benefits and barriers, the willingness of African communities adopt
and participate in USF projects, and how these factors affect local economy and food
production. Therefore, this study seeks to identify the key constructs and factors that
influence the local African communities” adoption and participation in USF and evaluate
the impacts of these key factors on local food production and the local economy through
developing the USF causal model.

It is anticipated that such understanding will provide valuable knowledge on how to
promote the willingness of local communities to adopt and participate in USF projects.

This research has the following objectives:

e  Explore the key factors that influence the adoption of urban smart farming by local
communities in African cities.

e  Explore the benefits and challenges and the willingness of local African communities
to implement this farming method.

e  Determine the effect of influential factors of urban smart farming on local food pro-
duction and the local economy of African cities.

The study outlines a review of the African urban economy and food production,
the benefits and challenges of USF, and the willingness of local communities to adopt or
participate in USF projects, followed by the research method used in the study and the
development of the causal model, data analysis, and results, finishing with a discussion of
the findings and a conclusion.

2. Overview of African Urban Economy and Food Production

Africa is projected to have the fastest urban growth rate in the world, and it is expected
that more than 60% of the African population will be living in cities by 2050 [4]. A fast-
growing population can result in uncontrollable urbanization, leading to a burden on fresh
and clean water systems and a risk to individuals’ food security [5], thus impacting most
African cities that are struggling to identify their future economic drivers [6]. There is
reduced interest in traditional farming in rural African areas, where most farmland is
located. Therefore, promoting other farming alternatives such as USF in cities, where more
labor is available, might prove beneficial [7].

A decline in agricultural production negatively impacts food supply and increases
unemployment rates in Africa [3]. Additionally, poorly performing supply chain systems,
the seasonality of certain crops, and volatility in production lead to high prices and other
supply factors that limit access to these basic nutrients, both economically and physically for
most of the African population [8]. National policies, such as the National Policy on Food
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and Nutrition Security [9], have endorsed efforts aimed at addressing food security in Africa
through the following: creating a reliable data collection and analysis process; reinforcing
current strategies and policies that relate to food security; advancing market accessibility for
smallholder farmers; and raising awareness on agro-ecological approaches to farming. Hence,
innovative solutions such as USF are supported by the Africa Agenda 2063 [10]. African urban
economy and food production characteristics are summarized in Figure 1.
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Figure 1. African urban economy and food production characteristics. Source: various.

3. Urban Smart Farming (USF)

Indoor farming was originally developed from conventional greenhouse farming
systems; today, it has deviated radically, and comprises many variations. Al-Kodmany [11]
described the urban smart farm as a system that is often called “vertical farming’, which
allows food to be grown under smart climate-controlled indoor environments by using
technological innovation.

Generally, three indoor vertical food production methods are applied, namely hy-
droponics, aeroponics, and aquaponics [7]. These methods require the sheltering of the
structure that accommodates the production facility without the need for soil and produc-
tion land. The closed system of these three methods allows for water containing nutrients
that were not absorbed the first time around to be recycled instead of being lost [12]. From
a nature preservation and restoration perspective, USF supports environmental sustainabil-
ity, as the ecological water system is restored [12]. Thus, indoor food production can be
undertaken in urban areas using a controlled indoor environment that eliminates problems
such as seasonality, and requires small footprints and delivers high yields [1].

USF can positively impact SDGs 2, 5, 10, 11, and 12 directly and affects others by
improving Gross Domestic Product (GDP). USF enhances the energy efficiency rate, con-
tributes to the sufficient availability of nutritious food, and empowers marginalized popu-
lations, particularly youth and women. Moreover, USF can assist in achieving sustainable
development in developing countries and population growth, urbanization, and poor
agricultural practices, which are all factors that place stress on the local resources and
ecosystem [13].
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Critics of USF point towards its low practicality. However, the outdoor open envi-
ronment and conditions are often more uncontrollable than those inside high-performing
buildings [11].

Musa and Basir [7] mention a few applications where urban smart farms are likely to
be implemented quickly. These include desert and drought-struck areas such as African and
Arabian countries as well as smaller, densely populated countries, followed by countries
struggling with pollution and soil depletion [14].

Buildings used for USF can either be newly constructed structures designed with an in-
tended purpose or existing vacant buildings that have been modified to fit the purpose [15].
O’Hara and Toussaint [16] suggest that using abandoned and vacant buildings can solve
food shortages. This can be achieved by viewing buildings as self-sufficient producers
(instead of consumers) that generate their own energy, food, and water while reducing
greenhouse gas emissions. Therefore, USF is particularly relevant in areas such as most
African cities where there are many vacant and unused buildings and a scarcity of fertile
and non-polluted land areas [17].

The deployment of the 4th Industrial Revolution (4IR) and outbreaks of pandemics
have spiked the vacancy rates in African commercial properties. The vacancy rate in office
blocks is even greater than the previous highest vacancy rate during the economic recession
in the early 2000s [18]. An initiative such as USF could provide a solution to redevelopment
that allows for buildings to be reused by remodeling them to fit changing needs while
preserving their historic character and embracing their growth for new opportunities [17].

The perceived benefits and challenges to USF from a community perspective are
discussed in the following section.

3.1. Benefits and Challenges of USF

Xiang, et al. [19] have suggested combining nature-based solutions with community-
based solutions to represent local socio-economic problems and guide urban planning
practitioners. Saad, Hamdan, and Sarker [1] proved that urban smart farms provide lower
environmental costs than traditional farming, especially when renewable energy sources are
used. USF has a reduced impact on water sources and related water and soil pollution [1].
African countries, whose citizens often battle with sourcing nutritious fresh vegetables and
fruits, are also constantly challenged with water and soil management difficulties and can
benefit from the 95% water usage reduction [20].

In terms of sustainability, USF meets the requirements of all-year-round sustainable
food production and helps mitigate the food loss risks associated with natural disasters such
as floods, droughts, and pest attacks and human-made disasters including fires and the
stealing of crops [12,14]. Africa’s battle with these disasters causes damage to ecosystems,
water supply systems, and food security [21]. Thus, traditional farming issues are more
controllable indoors than outdoors [20]. Although technology costs are high in Africa, the
advantages of a guaranteed disaster-free harvest as a risk mitigation strategy re-evaluates
the cost of such technologies [14].

Urban smart farms can produce authentic organic food, which is healthy and not
contaminated by chemicals [22]. The harvested nutritional products contribute positively
to the local community by promoting health, well-being, and social benefits [3]. In addition,
the crop returns per area are much higher in indoor farms than in conventional outdoor
farming and resultantly imply higher capital return on investment [7].

The development of a smart farm that incorporates the Internet of things (IoT), big
data, and Artificial Intelligence (AI) can adjust the growing conditions of urban indoor
farming according to the changing growth requirements of each plant in the producing
facility [23]. This provides an educational opportunity for local youth and, at the same time,
makes food production more independent and convenient, thus increasing the engagement
of local communities [24]. USF provides an opportunity for innovative technologies such as
IoT to monitor various variables such as the water and air quality, illumination, humidity,
temperature, and other visually noticeable growth elements by creating a traceable record to
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refer to in the future, enabling the improvement of future productivity [1]. Advancements
in the fields of lighting, sensors, temperature control, and nutrient monitoring on a user-
friendly farming computer dashboard not only make this method of farming easier for
local communities but also reduce operational costs while providing USF opportunities
with trackable growing cycles [14,24]. Moreover, the technological innovation of USF helps
the buildings to be more efficient, healthier, and sustainable [7,25].

Another key benefit of USF is the potential to reduce transportation distances and
costs, which results in less fossil fuel being burnt [14] and a reduction in greenhouse
gas emissions caused by trucks. Furthermore, scholars have highlighted certain social
benefits for local communities adopting USF [1,3,7,14,22]. These benefits include abating
social isolation and strong community feeling and engagement, all of which consequently
improve the community’s well-being. For this reason, there is an international focus
on retaining the interest of the local community, particularly women and youth, in this
innovative initiative, as local communities should drive innovation, energy, and creativity
in developing environmentally responsible and highly productive practices [3].

Additionally, USF is powering innovation beyond the agricultural division. It can
redevelop local and global food supply systems while pushing changes in architecture,
facility management, crop science, energy, technological innovation, data analytics, and
urban planning [1]. In addition, USF is closely related to some fields that contribute to the
complexity of urban redevelopment, such as knowledge from real estate economics, land
usage, community benefits, ecology, transportation, sustainability, place-making design,
politics, and other related disciplines [17].

With regards to the challenges, several factors that threaten traditional farming in
Africa have been identified, including access to resources, unemployment, price sensitivity
of products, credit risk, food insecurity, market access, diversification, financial safety nets,
security of farms and crops, alternative land options [26] and the water issue, especially
in a drought-stricken region [12]. These challenges further shift the burden to traditional
land-based farming, increase agriculture-related costs such as fertilizer, fuel, and pesticides,
and reduce soil quality as a result of depletion and degradation caused by continuous
farming and poor production practices in Africa [14].

Headrick [22] and Van Delden et al. [26] identified the high costs in energy, associated
labor, and urban properties as the main challenges of USE, while Benke and Tomkins [14]
reaffirm that capital costs are excessively high in many cities due to high prices of real estate
compared to rural land prices. However, the output production yield from USF is much
more than conventional farming in rural areas, and USF focuses on retrofitting vacant and
abandoned buildings. Therefore, the initial cost of land will certainly be recouped in the
future. At the same time, USF input costs are further reduced as there is no need for traditional
farming machinery input and related maintenance costs. According to Pinstrup-Andersen [8],
the main challenge of USF is the energy outlay, which could be significantly minimized by
utilizing more efficient equipment, technologies, and renewable energy.

Due to the high capital cost of USF technologies in Africa, mainly due to non-
availability of local technologies, Benke and Tomkins [14] believe that growing low-value
field crops indoors is not financially viable under the current economic conditions. There-
fore, future farmers should carefully select crops with a higher return on investment. Yet
it is predicted that the capital cost of USF will be significantly reduced by supporting
local government through financial incentives [24]. Furthermore, when local technology
manufacturers supply technology within Africa, it might change the narrative in the future.
The challenges and benefits of USF are summarized in Figure 2.
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Figure 2. Urban smart farm’s benefits and challenges. Source: various.

3.2. Local Communities” Willingness to Adopt or Participate in USF Projects

The social and community response to USF and its products is one of the primary
considerations. Therefore, it is vital to know the community’s views and potential level of
participation in this innovative initiative, as future farmers and main consumers [12]. USF
perceived representation can be improved through general education and involvement of
local communities [23], which is a strategic approach to encouraging the extent of the level
of adoption [27].

Local community participation in initiatives take on various forms that include ac-
tively participating, encouraging family members and friends to participate, promoting
the initiations through different channels, and leading and managing or participating
in training [28,29]. Therefore ‘Technical efficiency’ is required. Danquabh, et al. [27] de-
scribes technical efficiency as the ability of individual economies and communities to adopt
technologies that already exist and apply them locally.

Since USF located in cities will allow for fewer trips for future farmers to deliver the
foods to markets. further solving some of the critical issues of African communities and
cities. Shorter travel distances between supply food networks mean that food can reach
consumers quicker, while reducing the carbon footprint caused by long-distance transport
pollution [7,22]. Several studies have demonstrated that consumers prefer locally produced
nutrient-dense, freshly grown products from non-rivals [20,28].

4IR and pandemic have changed people’s lifestyles [30]. As a result, many millennials
now live in a live-work—play urban environment and are employed in technology, media,
education, art, and health care. In the meantime, local private developers now drive re-
development while working with local communities and the public sector. Some of the
careers expected to arise from USF include local specialist technologists, facility managers,
innovative farmers; maintenance workers; marketing, and retail staff. These career op-
portunities provide massive economic and social advantages to local communities [14].
However, USF requires a higher-skilled workforce and professional disciplines such as
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biological and material sciences, which is likely to increase the total employment in the
food production sector [14].

The economic benefits of USF, previously discussed, play a significant role in com-
munities’ willingness to participate in urban regenerative ventures. Hersh [17] stated that
redevelopment differs from traditional development, considering that conventional devel-
opments are usually driven by business principles, with profit being the primary motive.
Conversely, redevelopments generally involve the community and government from the
beginning, with shared goals as the main priority and without neglecting the importance
of compensation for the impacts of migration. For instance, Xiang, Yang and Li [19] have
noted that numerous communities often suffer from emigration as most African individuals
and businesses migrate from central urban areas to suburban areas, a phenomenon that
many other countries have also experienced since the mid-1940s.

Based on the above discussion, it is advocated that USF is a possible solution to African
cities’ issues such as urban regeneration, food production and improving the sustainability
of cities and citizens’ quality of life. Furthermore, a cleaner production of crops promotes
consumers’ desire to support environmentally friendly and high-tech production practices.

4. Research Methods

This study adopted a positivist philosophical research approach to employ empirical
methods and involved extensive use of quantitative analysis. Furthermore, it developed
logical analyses to build formal explanatory theory for elucidating the relationship between
the willingness of the local community to participate in smart urban farms and the potential
benefits and challenges of USE. These factors were identified as the influential constructs to
address the local food production issues and to improve the local economy in African cities.

An electronic survey was conducted to collect the responses of local communities
in major African cities across gender, economy, and education. The questionnaire survey
was randomly sent to local community members living in Johannesburg, Cape Town,
Lagos, and Lusaka. There were 409 valid responses collected across the African cities
and used for data analysis. The collected data is larger than the minimum sample size
recommended for the unknown population, with a 95% confidence level and £5% margin
of error (385) [31]. The questionnaire consisted of four sections: general information of
participants, willingness to participate, benefits of USF and challenges of USFE. To develop
the profiles of the selected criteria, the collected data were analyzed using descriptive and
inferential statistical techniques. Furthermore, structural equation modelling (SEM), as
a robust statistical method that fits networks of constructs to data, was used to validate the
relationship between local food production’s willingness, benefits, and challenges and the
economy. In fact, SEM is the most efficient method for handling the confirmatory factor
analysis for measurement models, analyzing the causal relationships among multiple latent
constructs in a structural model, estimating their variance and covariance, and testing the
hypotheses for mediators and moderators in a model. It is distinguished from other types
of analyses by its ability to examine many relationships while simultaneously reducing
measurement errors [30].

4.1. Conceptual Model Projects

According to Moghayedi et al. [30], using technological innovation is a function of the
level of readiness and awareness for the technology and incentives as well as the challenges of
adopting that technology. Figure 3 illustrates the developed conceptual model for evaluating
the relationship and impact of utilizing USF on local food production and the economy of
developing African countries. As shown in the developed conceptual model, the benefits
and Challenges of USF are independent constructs, willingness to participate is a mediating
construct and the local food production and local economy are dependent constructs.
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Figure 3. Urban smart farm conceptual framework. Source: authors.

Based on the research questions and developed conceptual model, the research is
designed to test the following hypotheses:

Hypothesis 1 (H1). The potential benefits of urban smart farming have a significant positive
impact on the local food production.

Hypothesis 2 (H2). The potential benefits of urban smart farming have a significant positive
impact on the local economy.

Hypothesis 3 (H3). The possible challenges of urban smart farming have a significant negative
impact on the local food production.

Hypothesis 4 (H4). The possible challenges of urban smart farming have a significant negative
impact on the local economy.

Hypothesis 5 (H5). The potential benefits of urban smart farming have a significant positive
impact on the local food production through willingness of local communities.

Hypothesis 6 (H6). The possible challenges of urban smart farming have a significant negative
impact on the local food production through willingness of local communities.

Hypothesis 7 (H7). The potential benefits of urban smart farming have a significant positive
impact on the local economy through willingness of local communities.

Hypothesis 8 (H8). The possible challenges of urban smart farming have a significant negative
impact on the local economy through willingness of local communities.

Hypothesis 9 (H9). Food production in urban area has a positive impact on the local economy.

Hypothesis 10 (H10). Local economy has a positive impact on the food production in urban area.
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4.2. Research Constructs and Sub-Constructs

The study constructs and sub-constructs used in measuring the study constructs and
their corresponding measurement scale are shown in Table 1. In addition, the literature
review identified five variables for the willingness of the local community and 10 potential
benefits and possible challenges of USF, as listed in Table 1.

Table 1. Sub-constructs used in measuring the study constructs.

Constructs

Sub-Constructs Source Measurement Scale

Actively participate (W1) [2,28,29]

Encourage my family members and

Willingness (W) to friends to actively participate (W2) 12,28,29] Respondents were asked to indicate their
participate in urban willingness to participate on a 4-point
smart farming Promote it (e.g., on social media) (W3) [2,28,29] Likert scale

Help leading and managing (W4) [2,28,29]

Participate in workshop/training (W5) [2,28,29]

Makes community more independent (B1) [17,22,28,29]

Sustainable/environmentally friendly (B2) [7,8,14]

Convenient (B3) [2,28,29]

Provides opportunities for local women [23,28]

and youth (B4)
Y ( Respondents were asked to indicate the degree

Efgjrfjtssn?:i tOf Supports community wellbeing (B5) [2,7,17] of their agreement wi.th pot.ential benefit of -
farming Supports community health (B6) [2,14,17] grrlb; Z—iﬁ;arftt {ailiglltnsgcgethelr local communities
Provides educational opportunities (B7) [1,7,22]
Provides financial benefits (B8) [2,7,8,17]
Nakeo o for community egagement (1429
Strengthens community feeling (B10) [22,28,29]
Lack of responsibility (C1) [32]
Water supply (C2) [26]
Crop and seed supply (C3) [26]
Technological equipment (C4) [1,23,26]
C}]lgallenges (©) of Collides with local farming traditions (C5) [26,32] Efe fl’ﬁ);?i;}et;gee;i xﬁﬁiﬁiﬁ)ﬁcgtﬁ;ﬁsnc};%rgfe
forming Lack of knowledge (C6) 522,20 arban smartfarming i their local commnites
Lack of funding (C7) [1,3,26]
Security (C8) [26]
A lack of trust (C9) [32]
Diseases (C10) [26]
It is able to address the local food production issues Respondents were asked to indicate the degree

of impact of USF on the local food production

It is able to improve the local economy by generating more jobs and economy on a 4-point Likert scale
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5. Data Analysis and Results
5.1. Profile of Respondents

Figure 4 summarizes the demographic analysis of the 409 participants obtained across Africa.

% Male I 5
& Female I 44%

18—29 years 28%

30—39 years 37%
go 40—49 years 18%

50—59 years I 15%

60 years and above W 2%

- Low 24%

o

R Middlle 66%
=

High M 10%
Elementary/Secondary 18%
Undergraduate I 52%

Education

Postgraduate I 30%

Figure 4. Profile of respondents. Source: authors.

As illustrated in Figure 4, the frequency of male participants (56%) is higher than
female participants (44%). The majority of the respondents belong to the tricenarian group
(37%), followed by vicenarian (28%) and quadragenarian groups (18%). The portfolio
of respondents shows that the majority of the respondents belong to the middle-income
class (66%), followed by the low-income class (24%) and finally the high-income class
(10%), respectively. Moreover, most respondents (82%) hold a higher education degree
(undergraduate 52% and postgraduate 30%).

5.2. Familarity with Urban Smart Farm Concept

As shown in Figure 5, the majority of the African participants (54%) are familiar
with the concept of USE, particularly the young generation (18-39), which shows the high
awareness of African communities of new indoor farming methods.

Yes No
54% 46%

Figure 5. Familiarity of African’s communities with urban smart farming. Source: authors.

5.3. Willingness of Communities to Participate in USF

The willingness of African communities to participate in USF is analyzed using the
Relative Importance Index (RII) to quantify the overall importance of each question. The
results are illustrated in Figure 6.
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Figure 6. Willingness of African communities to participate in USE. Source: authors.

The analysis of the five questions showed that most African communities would ac-
tively participate in USF projects (W1, 1.42), participate in an introductory workshop/training
about USF (W5, 1.40), encourage their family to participate in USF projects (W2, 1.30), help
lead and manage the projects (W4, 1.18) and talk about the projects (W3, 1.17). This high
level of willingness is because of the familiarity of most communities with concepts of USF
and the challenges encountered in traditional farming in Africa.

5.4. Benefit of USF

Participants’ responses about the potential benefits of this innovative farming method
are analyzed, and the overall RII of each benefit is illustrated in Figure 7.
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Figure 7. The potential benefits of USF to African’s communities. Source: authors.

Overall, the African participants agreed (RII ~1.00) with all 10 potential benefits of USF
considered under this study. The results reflect that the following are seen as the top five
benefits of USF: sustainable/environmentally friendly (B2, 1.43), provides opportunities
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for local women and youth (B4, 1.29), supports community’s health (B6, 1.29), supports
community’s wellbeing (B5, 1.26), and makes the community more independent (B1, 1.22).

The remaining five benefits of urban smart farming are identified as considerably
important for local communities: provides financial benefits (B8, 1.15), convenient (B3, 1.09),
makes room for community engagement and interaction (B9, 1.09), strengthens community
feeling (B10, 0.89), and provides educational opportunities (B7, 0.88).

5.5. Challenges of USF

The level of potentially hindering challenges to adopting USF by local African com-
munities is identified from the responses of participants, and the RII of each challenge is
presented in Figure 8.
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Figure 8. The possible challenges of USF to African’s communities. Source: authors.

As illustrated in Figure 8, the results concerning challenges reveal that lack of knowl-
edge (C6, 1.19), lack of funding (C7, 1.15), technological equipment (C4, 0.92), water supply
is a problem (C2. 0.22), security (C8, 0.22), and collides with local farming traditions (C5,
0.09) are possible challenges that communities faced in adopting USF in Africa. Conversely,
the communities do not perceive diseases (C10, —0.24), lack of trust (C9, —0.33), crop and
seed supply (C3, —0.36), and no one wants to take responsibility (C1, —0.39) as possible
challenges for USF in Africa. This is because of the high degree of familiarity and knowl-
edge of African urban communities with indoor farming, particularly innovative urban
farming concepts.

5.6. Impact of Urban Smart Farm on Local Food Production and Economy

Finally, the analysis of responses to the potential impact of USF on food production
and the local economy is presented in Figure 9.
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Figure 9. Potential impact of USF on African’s cities food production and local economy. Source: authors.

Overall, African respondents agreed that adopting urban smart farming improves the
local food production (0.95) and enhances their local economy (1.07).

5.7. Causal Model of USF

Finally, to validate the developed conceptual model of USF, the impact of independent
and modelling constructs is evaluated using collected data.

The research hypotheses were tested using T-Statistics. The p-values of independent
(benefits and challenges) and mediating (willingness) constructs are less than 0.05, which
indicates that none research hypotheses are statistically significant (Table 2).

Table 2. Hypothesis testing results.

Hypothesis T Statistics p Values Decision
Benefits +> Local food production 5.212 0.000 Significant
Benefits +> Local economy 5.718 0.000 Significant
Challenges —> Local food production 4.325 0.000 Significant
Challenges —> Local economy 4.688 0.000 Significant
Benefits +> Willingness of local communities +> Local food production 10.260 0.000 Significant
Benefits +> Willingness of local communities +> Local economy 6.743 0.000 Significant
Challenges —> Willingness of local communities —> Local food production 3.674 0.000 Significant
Challenges —> Willingness of local communities —> Local economy 3.230 0.001 Significant
Local food production +> Local economy 5.937 0.000 Significant
Local economy +> Local food production 1.208 0.092 Insignificant

Since only the last hypothesis (path) is not statistically significant as presented in
Table 2, this path is eliminated from the model and the remaining nine hypotheses (paths)
are considered for path analysis.

First, the outer loading of each factor is examined. Since all the factors have a good
contribution on relevant constructs (outer loading more than 0.7), all initial factors are in-
cluded in the final model. In the second step, the constructs and sub-constructs’ consistency,
reliability, and validity are tested (Table 3).

The results of Cronbach’s Alpha are between 0.7 and 0.95 as listed in Table 3, which
indicates an excellent internal consistency between the sub-constructs under the same
constructs (>0.7) and sub-constructs that are not highly intercorrelated (<0.95).

The coefficients of rho-A are between Cronbach’s Alpha and Composite Reliability
which proves satisfactory internal consistency between the sub-constructs. Furthermore,
the AVE and composite reliability test results are above 0.5 and 0.7, respectively, which
demonstrate the convergent validity and reliability between sub-constructs and indicate
the reliability of the developed model is adequate. Finally, the AVE square root of each mea-
sured sub-construct is greater than the correlation coefficient between the sub-constructs,
which implies that measures of sub-constructs are not highly related to each other. Sub-
sequently, the model’s goodness-of-fit was assessed. The R2 values for the constructs
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are greater than 0.7 which show the robust relationship between developed model and
the dependent variable. Furthermore, the analysis of the USF model indicates that all
fit indices of model are above the recommended values x? = 2141.127; x2/dF = 3.779;
p = 0.000, Root Mean Square Error of Approximation (RMSEA) = 0.040, Comparative Fit
Index (CFI) = 0.967; Goodness of Fit (GFI) = 0.942 (x?/df < 5, CFI & GFI > 0.90, RMSEA
and p <0.5).

Table 3. Reliability, consistency and validity of the constructs and sub-constructs.

Construct Sub-Constructs Benefits Challenges Willingness  Local Food Production  Local Economy
Benefits B1-10 0.893
Challenges C2,4,56,78 —-0.712 0.886
Willingness W1-5 0.731 —0.826 0.892
Local food production 0.795 —0.791 0.869 1.000
Local economy 0.775 —0.757 0.888 0.761 1.000
Internal Cronbach’s Alpha 0.894 0.776 0.887 1.000 1.000
Consistency Rho-A 0.912 0.779 0.883 1.000 1.000
Composite Reliability 0.913 0.841 0.910 1.000 1.000
Convergent validity (AVE) 0.516 0.587 0.760 1.000 1.000

Ultimately, the path analysis for the USF model was developed. As shown in Figure 10,
the loading factors of sub-constructs are above 0.8, indicating good associations between
sub-constructs in the reflective measurement of constructs and the model. Since all the sub-
constructs are higher than satisfactory levels, they were utilized to examine the importance
of each sub-construct for the defined constructs in the model. This was to identify which
sub-constructs are the key influencers of adopting USF in Africa. Overall, the results of the
above tests validated the developed causal model of USF in this study.
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Figure 10. Path analysis of USF. Source: authors.
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Based on the results of path analysis illustrated in Figure 10, it can be deduced that
the benefits of USF and the willingness of communities have significant positive impacts
on local food production and local economy. Conversely, the challenges of USF have
significant negative impacts on the local food production and local economy.

Furthermore, the indirect impact of dependent sub-constructs (through the commu-
nity’s willingness) on independent sub-constructs of the study proved that the benefits of
USF positively mediate the effects of the community’s willingness to adopt and participate
in USE. Ultimately, local food production has a significant positive impact on the local
economy of African’s cities. Therefore, the total impact of the community’s willingness on
local food production in the local economy were increased, as shown in the final urban
smart farm causal model in Figure 11.
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Figure 11. Final urban smart farm causal model. Source: authors.

Figure 11 illustrates the total impact coefficient of constructs on dependent sub-
constructs. The benefits of USF have high (0.7 < e < —0.9) positive impacts on the local
food production and local economy. Moreover, communities” willingness to adopt and
participate in urban smart farms has moderate (0.5 < e < 0.7) impacts on both dependents
sub-constructs of the study. On the other hand, challenges have a low (—0.5 <e < —0.2)
negative impact on the local food production and local economy. Consequently, the local
food production has moderate (0.5 < e < 0.7) impact on the local economy of cities. Further-
more, the comparison of path analysis and the final causal model proved that the positive
impacts of benefits on the willingness of communities are higher than the negative impacts
of challenges.

Ultimately, the outer weights of the dependent and mediator sub-construct are cal-
culated and ranked according to their relative importance in Table 4. Outer weights are
the results of multiple regression of a construct on its set of indicators that demonstrate
each variable’s importance [30]. For example, the outer weights of sub-constructs indicate
that actively participating (W1) and encouraging family members and friends to partici-
pate (W2) are the predominant factors in the community’s willingness, whilst providing
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opportunities for local women and youth (B4), making the community more independent
(B1), and Sustainable/environmentally friendly (B2) are the most effective benefits of USF.
Conversely, the most significant challenges consisted of lack of knowledge (C6), lack of
funding (C7), and water supply is a problem (C2).

Table 4. Outer weights of sub-constructs.

Sub-Constructs Willingness Benefits Challenges

Actively participate (W1) 0.316

Encouraging family members and friends to participate (W2) 0.238

Promote it (e.g., on social media) (W3) 0.232

Help leading and managing (W4) 0.290

Participate in workshop/training (W5) 0.225

Provides opportunities for local women and youth (B4) 0.200

Makes community more independent (B1) 0.183
Sustainable/environmentally friendly (B2) 0.155

Supports community’s wellbeing (B5) 0.154

Provides financial benefits (B8) 0.151

Supports community’s health (B6) 0.149

Provides educational opportunities (B7) 0.132

Makes room for community engagement and interaction (B9) 0.112

Strengthens community feeling (B10) 0.101

Convenient (B3) 0.092

Lack of knowledge (C6) 0.356
Lack of funding (C7) 0.297
Water supply is a problem (C2) 0.220
Technological equipment (C4) 0.261
Security (C8) 0.197
Collides with local farming traditions (C5) 0.174

As listed in Table 4, the outer weights of influential variables of the urban smart farm are
close (~0.2—~0.3 for willingness, ~0.1-~0.2 for benefits, and ~0.2—~0.3 for challenges), which
confirms the significance of all identified influential sub-constructs on the USF initiative.

6. Discussion of Findings

The primary aim of this research was to scrutinize the relationship between the
willingness of the local community to participate in urban smart farm projects and the
potential benefits and possible challenges as the influential factors on USF’s ability to
address the local food production and enhance the local economy. The developed causal
urban smart farm model was validated using structural equational modelling.

The results of the community’s questionnaire survey revealed that most African com-
munities are familiar with the USF concept and the community’s willingness to participate
in these projects among African communities is high. African communities are aware of ex-
isting challenges and difficulties of traditional farming in Africa, such as security issues and
high-uncertainty problems such as climate conditions, rainfall, disease, and wastage. These
findings align with those of Moghayedi, Awuzie, Omotayo, Le Jeune, and Massyn [30],
which proved that the level of awareness significantly impacts the community’s willingness
to adopt new concepts and /or methods. Moreover, the community’s high awareness and
willingness caused the African communities to be very optimistic about the positive effects
of this initiative on their local food production and local economy.

Analysis of the benefits of smart farming verified that, overall, the participants agreed
with all 10 potential benefits of urban smart farms extracted from the literature. However, some
benefits, such as being sustainable/environmentally friendly, the provision of opportunities
for local women and youth, supporting the community’s health, supporting community’s
well-being, and the provision of financial benefits stand out as particularly encouraging.
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Furthermore, the findings of urban smart farm benefits supported the findings of
Kalantari and Akhyani [28] and Poulsen, Neff, and Winch [29] that USF mainly impacts the
local communities and provides several advantages for the local community conditions,
such as making the community more independent, supporting the community’s well-being,
promoting the community’s health, providing educational opportunities, making room for
community engagement and interaction, and strengthening community feeling.

The analysis of challenges of USF also revealed that the participants evaluated did not
consider diseases, lack of trust, crop and seed supply, and community responsibility as
either possible or extremely hindering challenges for engaging in USE, which aligns with
the findings of Van Delden et al. [26].

Statistical analysis of possible challenges verified that lack of knowledge, lack of
funding, technological equipment, water supply, security, and collisions with local farm-
ing traditions are significant barriers to adopting USF in Africa. Goel et al. [3] and
Halgamuge et al. [24] found similar results, suggesting the necessity of educating stake-
holders (including community and traditional farmers).

Local manufacturers should be encouraged to produce the required innovative tech-
nologies to cater to local demand, which would address the lack of funding and technologi-
cal equipment reflected in our results.

Reducing real estate taxes is one option that local municipalities can apply to encour-
age innovative redevelopment, such as in USF [17]. In addition, offering tax abatement
incentives rewards developers for undertaking redevelopment projects instead of punish-
ing the development with higher taxes. Governments’ intervention to relocate subsidies
that are given to some limited crops towards supporting USF products and farmers can
help with the uptake of controlled environment farming [20].

Urban Smart Farm Causal Model

The results of the structural equation modelling verified the high validity and con-
sistency of the developed causal model. The total effect coefficients in the final urban
smart farm causal model confirmed the high positive impacts of urban smart farms and
moderate positive impact of communities” willingness on local food production and the
local economy. Furthermore, the results of SEM revealed the low negative impacts of
challenges on local food production and the economy. The positive effects of USF on local
food production and the local economy directly depend on the benefits of urban smart
farms and the level of local communities” willingness to adopt and participate in it.

Moreover, comparing the urban smart farm path coefficient and total effect coefficients
verified the positive mediating effect of benefits on the association between willingness and
independent sub-constructs of the model. The total effect analysis and the outer weights
of sub-constructs reveal the extent to which local food production and the local economy
are strongly associated with the advantages of USF. The positive impact of benefits on
willingness and local food production and economy indicates that the benefits are critical
for implementing this initiative compared to the challenges. Since the USF is driven by the
benefits and the willingness of local communities and not by challenges, this initiative is
a sustainable system that can propagate rapidly; this finding is aligned with Moghayedi,
Awuzie, Omotayo, Le Jeune, and Massyn [30].

In other words, the extent of implementation of the urban smart farm in Africa could
be significantly increased by enhancing the benefits of this innovative indoor farming.
Consequently, this initiative can address the issue of local food production in African cities
and improve the local economies. These positive outcomes result from the direct, highly
positive impact of USF’s benefits on independent constructs and the positive mediator
impact of its benefits on local communities” willingness to adopt USE.
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7. Conclusions

This research is one of a pioneering research projects conceptualizing the perceived
influential factors of USF and evaluating their impact on local food production and the
local economy using structural equation modelling.

The findings showed that local communities actively participating in USF could improve
the sustainability of local African communities by enhancing the local food production
and local economy through local community participation. It can be deduced from the
study’s findings that appropriate national and local strategies and policies are required for
implementing urban smart farms by enhancing the adoption of technological innovations.

e  To address the possible challenges and enhance the sustainability performance of such
innovative indoor farms, the community awareness and public incentives for urban
smart farms must be improved.

e To stay economically viable, the public and private sectors and local authorities need
to support African urban smart farms.

The validation of the urban smart farm causal model attests to its applicability as
a mechanism for increasing the implementation of this innovative initiative in Africa. This
research provides several theoretical and practical inferences for researchers and prac-
titioners. In practice, the developed model serves as a roadmap for local and national
stakeholders to adopt an appropriate mechanism to facilitate implementing USF by local
communities. Theoretically, the study extends the postulations on its benefits and com-
munities” willingness to use urban smart farms as the main driver of implementing this
groundbreaking farming system. Practically, the findings of this study help apprehend the
level of local communities” willingness and technological innovation as the key factors to
achieving superior sustainability in food production in African cities.

The current study provides methodical ground for future studies to evaluate the effective-
ness of the identified influential factors of USE, including benefits, challenges, and willingness
on the various outcomes such as local food production, local economy, social sustainability, etc.
Therefore, future studies could examine the feasibility and viability of various USF techniques
and crops. In addition, investigating case studies of a few existing urban smart farms in Africa
will provide a more profound understanding of the current study’s findings. Lastly, the urban
smart farm causal model could be generalized in similar global south contexts because of the
high similarity of societies and economies in the global south.
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