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Abstract

Vertical farming is becoming the focus of attention as an innovative solution to the challenge of global
food security. Urbanization and rapid population growth give rise to the need for efficient agricultural
approaches to land use. This research aims to investigate the potential and impact of vertical farming
on global food security through a descriptive qualitative approach. The data used in the research comes
from various relevant previous research and studies. This research method involves the process of
collecting data from scientific literature and previous studies, which are then processed by researchers
to produce relevant findings. Through descriptive qualitative analysis, this research highlights the
contribution of land use efficiency, adaptation to urban environments, and integration of advanced
technologies in the context of vertical farming. The results of this research then found that vertical
farming is not only an alternative but also a significant step forward in the transformation of the global
agricultural sector. Supportive agricultural regulations and policies, as well as adapting technology to
the local environment, are critical challenges in implementing vertical farming. However, opportunities
for developing innovations in vertical farming system design and active stakeholder involvement
provide a strong foundation for the growth of this industry. This research highlights that vertical
farming has great potential to have a positive impact on global food security, by understanding and
overcoming existing challenges.
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A. INTRODUCTION

Global food security is a serious challenge faced by the international
community in the 21st century. The increase in world population, climate change, and
limited fertile agricultural land are increasingly complicating efforts to ensure
sufficient food is available to meet human needs. According to estimates by the Food
and Agriculture Organization of the United Nations (FAO), the world population is
expected to reach more than 9 billion people by 2050, increasing pressure on the global
agricultural system to increase food production (Paudel et al., 2023).

On the other hand, fertile agricultural land is increasingly limited due to rapid
urbanization and land degradation. As agricultural land decreases, agricultural
experts and practitioners are looking for innovative solutions to increase crop
productivity without sacrificing increasingly valuable land. Vertical farming, as an
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innovative solution, has emerged as an attractive alternative to meet increasing food
needs (Dibaba et al., 2020).

Vertical farming involves stacking layers of plants vertically, often inside
buildings, using advanced technology such as hydroponics or aquaponics. This
approach offers significant benefits, including more efficient land use, water savings,
and better environmental control. Additionally, vertical farming can be implemented
in urban areas, minimizing the need for long-distance transportation and reducing the
carbon footprint (Halgamuge et al., 2021).

As a response to the complexity of global challenges related to food security,
vertical farming promises innovative solutions that can make a positive contribution
to the sustainability of the global food system. Therefore, this research aims to explore
the potential of vertical farming as a solution that can face global food security
problems effectively and sustainably. By understanding this background, it is hoped
that this research can provide valuable insights to support efforts to achieve
sustainable and inclusive global food security.

B. LITERATURE REVIEW
1. Food Security

From a historical perspective, the term food security began to emerge when the
food crisis and famine hit the world in 1971. As a world food policy, the term resilience
was first used by the UN to free the world, especially developing countries, from a
crisis in the production and supply of basic foods. The focus of food security at that
time, according to the UN definition, was to focus on fulfilling basic needs and freeing
the world from the food crisis (Clapp & Moseley, 2020). This definition was then
refined at the International Conference of Nutrition in 1992 which was agreed upon
by the leadership of UN member countries, namely the availability of food that meets
everyone's needs, both in quantity and quality for each individual to live a healthy,
active, and productive life. This means that every person at all times has physical and
economic access to sufficient food to live a healthy and productive life (Raharjo et al.,
2022).

The World Food Summit in 1996 defined food security as occurring if all people
continuously, physically, socially, and economically have access to
adequate/sufficient, nutritious, and safe food, that meets their food needs and food
choices for an active and healthy life (Sumsion et al., 2023).

Several experts agree that food security contains at least two main elements,
namely food availability and people's accessibility to that food. Availability and
sufficiency of food include the quantity and quality of food so that each individual
can meet the standard calorie and energy needs to carry out economic activities and
daily life. Food provision can be achieved through own production and imports from
other countries (Clapp et al., 2022). The second component, namely each individual's
accessibility to foodstuffs, can be maintained and improved through empowering
market systems and effective and efficient marketing mechanisms, which can be
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perfected through trade policies, or the distribution of foodstuffs from production
centers to consumers (Zhanbayev et al., 2023).

In Indonesia, the concept of food security is outlined in Law No. 7 of 1996
concerning Food. This definition emphasizes five parts in the concept of food security,
namely:

a. The provision of sufficient food in terms of quantity (availability aspect),
namely that food is available and in sufficient quantity for the community, both
vegetable and animal.

b. Fulfillment of food quality (health aspect), namely that the food available or
provided meets good quality standards and is suitable for human
consumption. This is related to meeting nutritional needs to meet the need for
carbohydrates, protein, fat, vitamins, and minerals.

c. Safe (health aspect), namely that the food consumed meets health standards for
the body and does not contain ingredients that can endanger human health.

d. Equitable (distribution aspect), namely that food is guaranteed to be
distributed evenly to each region so that food is easily obtained by the
community.

e. Affordable (access aspect), namely that food is possible for people to obtain
easily and at reasonable prices (MacRae & Reuter, 2020).

The World Health Organization (WHO) puts forward three pillars of food
security, namely food availability, food accessibility, and food utilization (utility).
Food availability concerns an individual's ability to have sufficient food for their basic
needs. Meanwhile, food accessibility is related to how a person obtains food.
Meanwhile, food utility is the ability to utilize quality food ingredients (Sulaiman et
al., 2021).

The Indonesian government through the Food Security Council in
collaboration with the World Food Program (WFP) created a district-level Food
Insecurity Atlas (FIA). The Food Insecurity Atlas was first launched in 2005, then
updated again by creating the Food Security and Vulnerability Atlas (FSVA) in 2009
which was based on the approach: of food availability, food access, and food
utilization (Setiadi et al., 2022).

2. Vertical Farming

Agriculture is one of the main economic sectors in Indonesia, which supports
food sustainability and contributes significantly to national income. However, with
the rapid development of urban areas, agricultural land is decreasing, especially in
urban areas. Increasing urbanization and population density have resulted in limited
available agricultural land, making it a challenge for farmers in urban areas to increase
their income (Putra et al.,, 2020). Vertical farming innovation has emerged as a
promising solution to overcome limited agricultural land and increase farmers'
income in urban areas. In this article, we will discuss vertical farming innovation, its
working principles, benefits, and positive implications for increasing farmers' income
in urban areas (Petrovics & Giezen, 2022).
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Vertical farming is a farming system that utilizes space efficiently by planting
various types of plants in layers or vertically. This farming can be done in special
buildings or structures that are designed in such a way as to accommodate many
plants in one place. Vertical farming relies on advanced technology such as the use of
LED lights, automatic irrigation, and temperature and humidity controls to create an
optimal environment for plant growth. Various types of plants such as vegetables,
fruit, and ornamental plants can be grown in this vertical farming system (Saad et al.,
2021).

The working principle of vertical farming is based on the concept of efficient
use of space, where plants are grown in different layers or levels on top of each other.
This farming can be done hydroponically, in aeroponics, or using planting media such
as soil, cocose, or other fibers (Jiirkenbeck et al., 2019). Some of the working principles
of vertical farming include:

a. Plant Selection. Selecting the right type of plant is critical to the success of
vertical farming. The plants selected must be suitable for their growing
environment and have a life cycle that is compatible with the tiered system.

b. Providing Nutrition. Vertical farms often use hydroponic or aeroponic systems
that allow nutrients to be delivered directly to plant roots. This ensures the
plants get proper and optimal nutrition.

c. Providing Light. Because vertical farming is often done indoors or in enclosed
buildings, providing light is a key factor. Special LED lights are used to provide
the right light spectrum for plant growth.

d. Environmental Controller. Environmental temperature and humidity must be
maintained to suit the needs of the plant. The use of automated technology
helps maintain an optimal environment without the need for manual
intervention.

Vertical farming has several benefits and advantages of its own. Some of these
benefits include:

a. Increasing Land Efficiency. By planting vertically, this farming allows more
plants to grow on a limited land area. For example, one vertical plant column
can accommodate dozens of plants, effectively increasing land productivity.

b. Reducing Water Use. The hydroponic system in vertical farming uses water
more efficiently than conventional farming. The water used in this system can
be recycled, thereby reducing overall water consumption.

c. Easier Pest Control. Indoor vertical farming or enclosed buildings provide
better pest control. This reduces the use of pesticides and maintains the quality
of agricultural products.

d. Increasing Local Food Availability. With vertical farming, food can be
produced in urban areas themselves. This means reducing dependence on food
imported from rural areas or abroad (Beacham et al., 2019).

The use of vertical farming innovations can open up new business
opportunities for farmers and contribute to increasing their income. The following are
several factors that cause an increase in farmer income through vertical farming:
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a.

Increased Productivity. By increasing land efficiency, vertical farming allows
farmers to grow more crops on limited land. As a result, agricultural
production increases, and farmers can sell more of their crops (Van Delden et
al., 2021).

Added Value of Agricultural Products. Vertical farming often produces crops
that are high quality and different from those available in traditional markets.
This provides added value to their agricultural products, so the selling price is
higher (O'sullivan et al., 2019).

Stable and Guaranteed Market. By utilizing advanced technology, vertical
farming can guarantee a stable food supply throughout the year. This means
farmers can sell their crops regularly, without being too dependent on seasons
and weather conditions (Lubna et al., 2022).

Diversification of Agricultural Products. With vertical farming, farmers can
grow various types of crops in one system. This diversification of agricultural
products allows farmers to reach a wider market and face lower risks in the
agricultural business (Stringer et al., 2020).

Although vertical farming offers the potential to increase farmers' income,

several obstacles need to be overcome to optimize the implementation of this

innovation:

a.

C.

High Initial Investment. Establishing a vertical farming system requires
significant initial investment, primarily to purchase the necessary equipment
and infrastructure, such as LED lights, irrigation systems, and environmental
control technology. This can be an obstacle for farmers with limited capital (Li
et al., 2020).

Limitations of Technology and Knowledge. Not all farmers in urban areas have
sufficient access to and knowledge regarding vertical farming technology.
Training and technical assistance are needed so that farmers can operate the
system effectively and successfully (Martin & Bustamante, 2021).

Availability of Raw Materials. Vertical farming uses certain planting media or
substrates. The availability and price of raw materials such as cocose, fiber, or
hydrogel can influence sustainability and production costs (Maluin et al., 2021).
Licensing and Regulations. Implementing vertical farming in urban areas often
involves complex licensing and regulatory aspects. Complicated bureaucratic
procedures can be a challenge for farmers who want to start a vertical farming
business (Fussy & Papenbrock, 2022).

Changes in Consumer Behavior. Introducing vertical farming products to
consumers requires appropriate education and promotion. Changing
consumer behavior to switch and trust vertical farming products can
sometimes be a challenge (Specht et al., 2019).

METHOD
Vertical farming has become an important topic in the search for innovative

solutions to overcome global food security challenges. This research aims to
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investigate the potential and impact of vertical farming through a descriptive
qualitative approach. The data that will be used in this research comes from various
previous research and studies that still have relevance to the research objectives. By
utilizing existing data, this research will provide a comprehensive picture of the
contribution of vertical farming to global food security. This research method involves
the process of collecting data from scientific literature, previous studies, as well as
related information from trusted sources. Furthermore, the data collected will be
processed by researchers to produce findings that are relevant to the research
objectives. With a descriptive qualitative approach, this research does not only focus
on statistical figures but also provides an in-depth understanding of the dynamics and
impact of vertical farming in the global food security scenario. Through this approach,
it is hoped that this research can provide valuable insights to better understand the
role of vertical farming as an innovative solution amidst the complexity of global food
challenges.

D.  RESULT AND DISCUSSION
1. Global Food Security Context

In facing the challenge of global food security, first of all, it is necessary to
realize that the rapid growth of the world population has a significant impact on food
availability. The increase in population places great pressure on conventional food
production systems. With the global population expected to reach more than 9 billion
people by 2050, there is an urgent need to optimize agricultural methods to meet
increasing food needs. Increasing food production not only needs to involve
technology innovation but also changes in the agricultural paradigm to ensure the
sustainability of production.

Urbanization is an inevitable global trend, and this contributes to the
complexity of food security issues. Changes in consumption patterns in big cities
create new challenges in food distribution and supply chain sustainability. Rapid
urbanization has also resulted in increasingly limited land for traditional agriculture.
Therefore, agricultural solutions are needed that can adapt to these changes and
remain effective in urban environments.

The impact of climate change on food production is a serious threat. Climate
variability, including changes in rainfall patterns and extreme temperatures, affects
crop productivity and the resilience of agricultural products. This phenomenon can
result in crop failure, increase the risk of food disasters, and reduce food availability.
Therefore, agricultural systems that are adaptive and resilient to climate change are
crucial for ensuring global food security.

In overcoming these problems, vertical farming has emerged as an attractive
innovative solution. Vertical farming promises higher land use efficiency, overcoming
the limitations of increasingly limited agricultural land. The concept of stacking layers
of plants vertically not only makes optimal use of space but also allows the
implementation of farming in densely populated urban areas. By utilizing advanced
technology such as hydroponics or aquaponics, vertical farming can be a sustainable
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alternative for producing food in sufficient quantities to meet growing global needs.
Its potential to help meet global food needs makes vertical farming an important part
of achieving sustainable and inclusive global food security.

Apart from that, efficient land use by vertical farming can also be interpreted
as a strategic step in responding to growing urbanization. By setting up vertical farms
in urban areas, distribution distances between production sites and consumers can be
minimized, reducing food losses during the transportation process, and supporting
the sustainability of local supply chains. This not only has a positive impact on
economic aspects but also cuts carbon emissions produced by long-distance food
transportation, which in turn, contributes to climate change mitigation efforts.

By adapting to urban conditions, vertical farming could be the answer to the
food security challenges faced in various cities around the world. Its potential to be
integrated into urban infrastructure opens up new opportunities in bringing food
production closer to consumers, creating sustainable local food sources, and
stimulating innovation at the community level. Thus, seeing the contribution of
vertical farming as an innovative solution, an opportunity opens up to change the
global agricultural paradigm towards a more adaptive, efficient, and sustainable
model in facing increasingly urgent food security challenges.

2. Principles and Technology of Vertical Farming

Vertical farming represents a revolution in the way we view and approach food
production. The basic concept of vertical farming involves stacking layers of plants
vertically, utilizing air space to increase production capacity. This use of vertical crop
layers allows vertical farming to maximize the use of limited land, which is becoming
increasingly critical in the context of population growth and urbanization. By
arranging plants vertically, vertical farming is also able to increase the efficiency of
resources such as water and soil nutrients, helping to create a more sustainable
farming system.

Hydroponic and aquaponic systems are key components of the basic concept
of vertical farming. In vertical farming, plants grow without using soil, replacing
traditional growing media with a special nutrient solution in a hydroponic system.
Meanwhile, aquaponic systems integrate fish farming with plant farming, creating a
symbiotic environment where water and nutrients can be used optimally by both
systems. This advantage not only increases plant productivity, but also creates a
sustainable cycle where fish waste provides nutrients for the plants, and the plants
clean water that returns to the fish's system. This approach shows the sustainability of
vertical farming in reducing its ecological footprint.

On the technological side, vertical farming relies not only on innovative basic
concepts but also on the integration of advanced technologies. The application of
environmental sensors and controls has become essential to control plant growth
parameters such as temperature, humidity, and CO2 levels. Automated monitoring
systems enable real-time monitoring of vertical farming conditions, enabling rapid
response to necessary changes. In addition, the integration of Internet of Things (IoT)
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technology provides the ability to connect all aspects of agricultural production in a
connected manner, enabling remote management and optimization of production
processes. This innovation not only increases efficiency but also increases the
involvement of stakeholders, including farmers and consumers, in supporting the
success of vertical farming as an innovative solution for global food security.

Furthermore, the use of hydroponic systems in vertical farming opens up the
potential for increasing water use efficiency. Plants grow in a nutrient solution that
they access through their roots, eliminating the need for soil as a growing medium.
This not only reduces overall water use but also reduces the risk of soil contamination
by pesticides and herbicides. In the context of increasingly acute climate change, water
use efficiency is key to ensuring global food security.

Apart from that, advanced technology in vertical farming also extends to a
circular economic approach through the aquaponic system. By integrating fish and
crop farming, vertical farming creates an environment that allows for
interdependence between system components. Nutrient-filled fish waste is treated as
a natural fertilizer source, providing benefits to plants growing in hydroponic
systems. Likewise, plants clean the water of fish waste, creating a mutually beneficial
cycle. This model illustrates how vertical farming is not only an innovative solution
for food production but also plays an important role in maintaining ecosystem balance
and minimizing negative impacts on the environment. By adopting holistic vertical
farming technology, we can explore new potential in achieving sustainable and
environmentally friendly global food security.

3. Environmental Impact of Vertical Farming

The significant environmental impact of vertical farming can be seen in the
reduced carbon footprint. One of the main contributions is the reduction of long-
distance food transportation. By setting up vertical farms in urban centers, agricultural
products can be produced and consumed locally, reducing dependence on long-
distance transportation that uses fossil fuels. This reduction not only reduces carbon
emissions produced during transportation but also minimizes the ecological impact
and food losses that often occur during the product's journey from field to consumer.
Additionally, vertical farming can utilize renewable energy sources, such as solar
power or wind energy, to power hydroponic or aquaponic systems, creating higher
energy efficiency in food production.

Sustainable water management also has a positive impact on vertical farming.
The use of water in a hydroponic system is said to be more efficient compared to
conventional farming because the water is used directly by the plants without the need
for soil. The recirculating system generally used in vertical farming also minimizes
water waste, because water can be collected again and used repeatedly in the system.
Furthermore, vertical farming can utilize technology that reduces the impact of water
pollution. By reducing the use of pesticides and herbicides commonly found in
conventional farming, vertical farming has the potential to reduce water pollution and
improve local water quality. Through wise water management, vertical farming can
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become a model for sustainable and environmentally friendly agricultural practices.
By combining resource efficiency and smart water management, vertical farming can
play a key role in supporting ecosystem balance and maintaining the sustainability of
natural resources.

In addition to reducing carbon footprints and sustainable water management,
vertical farming can also have a positive impact on local biodiversity and the
preservation of natural habitats. By reducing the need for conventional agricultural
land which often involves deforestation or destruction of natural habitat, vertical
farming can help maintain biodiversity in a region. This can create green corridors
between urban areas, provide habitat for wildlife, and support the sustainability of
local ecosystems. In addition, the vertical farming approach that uses advanced
technology allows for more careful monitoring of the surrounding environmental
conditions. This includes monitoring soil sustainability and preventing erosion,
ensuring that vertical farming not only provides benefits in terms of food production
but also in preserving the ecosystem.

Another positive impact is seen in the role of vertical farming in reducing the
risk of soil pollution. By eliminating reliance on chemical pesticides and herbicides
often used in conventional farming, vertical farming reduces the risk of soil
contamination by harmful chemicals. In addition, the use of non-soil planting media
in a hydroponic system prevents soil from degradation and soil fatigue which
generally occurs on conventional agricultural land. By reducing the risk of soil
pollution, vertical farming creates a cleaner and more sustainable environment,
supporting soil health and the fertility necessary for plant growth. Through this
holistic approach, vertical farming is not only an innovative solution for food security
but also an important pillar in maintaining ecological integrity and environmental
sustainability.

4. Economic Aspects of Vertical Farming

Economic aspects in the context of vertical farming play a crucial role,
especially in the financial sustainability of agricultural operations. Initial investment
is an important factor to consider in adopting vertical farming. Although the
technology required to set up a vertical farming facility can be expensive, this
investment is often offset by the long-term efficiency and potential economic benefits.
With higher production scales and optimal land use efficiency, vertical farming can
create a financially sustainable business model. The importance of financial
sustainability is also closely related to the growing research and development of
vertical farming technology, which can optimize production processes and reduce
overall operational costs.

Market potential and economic benefits are additional attractions of vertical
farming. The growing demand for sustainable and organic agricultural products
provides an opportunity for vertical farms to enter a growing market. Consumers who
are increasingly concerned about sustainability and health aspects can become a
strong customer base for vertical farming products. By providing clean, safe, and
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sustainable food options, vertical farming can create a competitive advantage that can
be valued in the global marketplace. Therefore, the economic aspects of vertical
farming not only involve the financial sustainability of the farming operation itself but
also integrate broad market considerations to create a positive economic impact on the
agricultural industry as a whole.

Social impact and community welfare are other important dimensions of
vertical farming. Local job creation is one positive aspect that can have a direct impact
on the local economy. Vertical farming, especially if integrated into an urban context,
can provide employment opportunities for local people, from agricultural technicians
to processing factory workers. This can help reduce unemployment rates and improve
the economic well-being of communities. Apart from that, food access for urban
communities is also an important focus in the social impact of vertical farming. By
producing food close to consumer centers, vertical farming can provide urban
residents with easier and faster access to fresh agricultural products. This not only
contributes to economic prosperity but also promotes healthier and more sustainable
food choices in dense urban environments. As a holistic agricultural solution, vertical
farming can play a major role in creating a positive impact not only from an economic
perspective but also from a social perspective and community welfare.

Apart from the economic aspect, the social impact of vertical farming can
involve active community participation and involvement in the food production
process. This participatory approach can create closer relationships between
producers and consumers, increase awareness of food origins, and give consumers a
sense of ownership over their food production. Education and training programs for
local communities, especially for those directly involved in vertical farming, can
provide new knowledge and skills, increase community economic capacity, and create
opportunities for career growth in the agricultural sector.

Apart from that, positive social impacts can also be seen in increasing the
welfare of urban communities that can access quality food through vertical farming.
Vertical farming can play a role as an initiative in overcoming the issue of unequal
food access, especially in urban areas with dense populations. By providing easier and
more affordable access to agricultural products, vertical farming can help reduce
disparities in food access and make a positive contribution to community nutrition. In
this way, vertical farming is not only a motor for the local economy but also an agent
of social change that has a positive impact on prosperity and equality in urban
communities.

5. Challenges and Opportunities for Implementing Vertical Farming
Challenges in implementing vertical farming involve several critical factors,
including aspects of applicable agricultural regulations and policies. Regulations that
have not yet been fully adapted to support vertical farming can be a major obstacle to
the development and growth of this industry. A clear and supportive regulatory
framework is needed to ensure the sustainability of vertical farming operations. This
includes regulations regarding land use, food safety, and environmental standards.
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Alignment between regulations and policies with the special needs and characteristics
of vertical farming is essential so that its implementation can be effective.

Apart from regulations, another challenge is the suitability of vertical farming
technology to the local environment where its implementation is planned. Local
climate and infrastructure characteristics can influence the efficiency and
sustainability of vertical farming operations. Therefore, adapting technologies to take
these differences into account, including the integration of renewable energy systems
or structural design modifications, is a crucial step in overcoming these challenges. It
is necessary to create synergy between vertical farming technology and the local
environmental context so that its implementation can achieve optimal and sustainable
results.

Meanwhile, there are development and scalability opportunities that can
support the growth of vertical farming. Innovation in vertical farming system design
is key to increasing production efficiency and overcoming specific environmental
challenges. The development of technologies that are more efficient, cost-effective,
and easy to adopt will open up new opportunities for vertical farming to become more
economically attractive. Stakeholder engagement, including support from
governments, research institutions, and the private sector, is also an important
opportunity. Close collaboration between all parties can produce faster innovation
and support the development of vertical farming as a more integrated and sustainable
solution for supporting global food security. By understanding these challenges and
embracing these opportunities, the implementation of vertical farming can be one of
the innovative answers that lead the change towards a more efficient and sustainable
agricultural system.

E. CONCLUSION

Vertical farming is emerging as a promising innovative solution to address
global food security challenges. In exploring critical aspects such as ecology, economy,
and social, vertical farming shows great potential to provide positive impacts. With
its high land use efficiency, adaptability to urban environments, and integration of
advanced technology, vertical farming can solve several major problems in food
production, especially amidst rapid global population growth and ever-expanding
urbanization. However, the implementation of vertical farming is not without
challenges that need to be overcome. There is a need for a supportive regulatory and
policy framework, as well as adapting technology to local environmental
characteristics. In facing these challenges, there is a great opportunity for innovation
in vertical farming system design and the active involvement of various stakeholders.
By strengthening collaboration between governments, research institutions, the
private sector, and society, vertical farming can become a major force in achieving
sustainable global food security. In this context, the conclusion confirms that vertical
farming is not only an alternative but also a significant step forward towards positive
transformation in the global agricultural sector.

http://endless-journal.com/index.php/endless 345



http://endless-journal.com/index.php/endless

ENDLESS: International Journal of Futures Studies Vol. 6 No. 3 (2023)

REFERENCES

1.

10.

11.

12.

13.

14.

Beacham, A. M., Vickers, L. H., & Monaghan, ]J. M. (2019). Vertical farming: a
summary of approaches to growing skywards. The Journal of Horticultural Science
and Biotechnology, 94(3), 277-283.

Clapp, J., & Moseley, W. G. (2020). This food crisis is different: COVID-19 and the
fragility of the neoliberal food security order. The Journal of Peasant Studies, 47(7),
1393-1417.

Clapp, J., Moseley, W. G., Burlingame, B., & Termine, P. (2022). The case for a six-
dimensional food security framework. Food Policy, 106, 102164.

Dibaba, W. T., Demissie, T. A., & Miegel, K. (2020). Drivers and implications of
land use/land cover dynamics in Finchaa catchment, northwestern
Ethiopia. Land, 9(4), 113.

Fussy, A., & Papenbrock, J. (2022). An overview of soil and soilless cultivation
techniques—chances, challenges and the neglected question of
sustainability. Plants, 11(9), 1153.

Halgamuge, M. N., Bojovschi, A., Fisher, P. M., Le, T. C., Adeloju, S., & Murphy,
S. (2021). Internet of Things and autonomous control for vertical cultivation walls
towards smart food growing: A review. Urban Forestry & Urban Greening, 61,
127094.

Jirkenbeck, K., Heumann, A. & Spiller, A. (2019). Sustainability matters:
Consumer acceptance of different vertical farming systems. Sustainability, 11(15),
4052.

Li L. Li, X.,, Chong, C.,, Wang, C. H.,, & Wang, X. (2020). A decision support
framework for the design and operation of sustainable urban farming
systems. Journal of Cleaner Production, 268, 121928.

Lubna, F. A., Lewus, D. C,, Shelford, T. J., & Both, A.]. (2022). What you may not
realize about vertical farming. Horticulturae, §(4), 322.

MacRae, G., & Reuter, T. (2020). Lumbung Nation: Metaphors of food security in
Indonesia. Indonesia and the Malay World, 48(142), 338-358.

Maluin, F. N., Hussein, M. Z., Nik Ibrahim, N. N. L., Wayayok, A., & Hashim, N.
(2021). Some emerging opportunities of nanotechnology development for soilless
and microgreen farming. Agronomy, 11(6), 1213.

Martin, M., & Bustamante, M. J. (2021). Growing-service systems: new business
models for modular urban-vertical farming. Frontiers in Sustainable Food Systems, 5,
787281.

O'sullivan, C. A., Bonnett, G. D., McIntyre, C. L., Hochman, Z., & Wasson, A. P.
(2019). Strategies to improve the productivity, product diversity and profitability
of urban agriculture. Agricultural Systems, 174, 133-144.

Paudel, D., Neupane, R. C,, Sigdel, S., Poudel, P., & Khanal, A. R. (2023). COVID-
19 Pandemic, Climate Change, and Conflicts on Agriculture: A Trio of Challenges
to Global Food Security. Sustainability, 15(10), 8280.

http://endless-journal.com/index.php/endless 346



http://endless-journal.com/index.php/endless

ENDLESS: International Journal of Futures Studies Vol. 6 No. 3 (2023)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Petrovics, D., & Giezen, M. (2022). Planning for sustainable urban food systems:
an analysis of the up-scaling potential of vertical farming. Journal of Environmental
Planning and Management, 65(5), 785-808.

Putra, A. S., Tong, G., & Pribadi, D. O. (2020). Food security challenges in rapidly
urbanizing developing countries: Insight from Indonesia. Sustainability, 12(22),
9550.

Raharjo, M., Eliyana, A., Saputra, P., Anggraini, R. D., Budiyanto, S., & Anwar, A.
(2022). Identification of Factors Determining the Success of Health Care at
Correctional Institutions in Indonesia. International Journal of Public Administration,
1-15.

Saad, M. H. M., Hamdan, N. M., & Sarker, M. R. (2021). State of the art of urban
smart vertical farming automation system: Advanced topologies, issues and
recommendations. Electronics, 10(12), 1422.

Setiadi, R., Artiningsih, A., Sophianingrum, M., & Satriani, T. (2022). The
dimension of rural-urban linkage of food security assessment: An Indonesian case
study. Asian Geographer, 39(2), 113-131.

Specht, K., Zoll, F., Schiimann, H., Bela, ]., Kachel, J., & Robischon, M. (2019). How
will we eat and produce in the cities of the future? From edible insects to vertical
farming—A study on the perception and acceptability of new
approaches. Sustainability, 11(16), 4315.

Stringer, L. C., Fraser, E. D., Harris, D., Lyon, C., Pereira, L., Ward, C. F,, &
Simelton, E. (2020). Adaptation and development pathways for different types of
tarmers. Environmental Science & Policy, 104, 174-189.

Sulaiman, N., Yeatman, H., Russell, J., & Law, L. S. (2021). A food insecurity
systematic review: experience from Malaysia. Nutrients, 13(3), 945.

Sumsion, R. M., June, H. M., & Cope, M. R. (2023). Measuring Food Insecurity: The
Problem with Semantics. Foods, 12(9), 1816.

Van Delden, S. H., SharathKumar, M., Butturini, M., Graamans, L. J. A., Heuvelink,
E., Kacira, M., ... & Marcelis, L. F. M. (2021). Current status and future challenges
in implementing and upscaling vertical farming systems. Nature Food, 2(12), 944-
956.

Zhanbayev, R. A,, Irfan, M., Shutaleva, A. V., Maksimov, D. G., Abdykadyrkyzy,
R., & Filiz, S. (2023). Demoethical model of sustainable development of society: A
roadmap towards digital transformation. Sustainability, 15(16), 12478.

http://endless-journal.com/index.php/endless 347



http://endless-journal.com/index.php/endless

