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ABSTRACT

Vertical agriculture has emerged as an innovative solution to the challenge of food security in densely
populated urban areas such as those in the Netherlands. The background of this research is driven by the
need to find more efficient and sustainable agricultural methods amid the limitations of conventional
agricultural land. The purpose of this study is to examine the potential application of modern hydroponic
technology in vertical farming systems in urban Netherlands, as well as to analyze its impact on
environmental and economic sustainability. This study uses a qualitative method with a case study
approach, where data is collected through interviews with agricultural experts, literature analysis, and
direct observation on vertical farming facilities using hydroponic technology. The results show that
vertical farming systems with hydroponic technology are able to reduce water use by up to 90%
compared to traditional agriculture, as well as increase crop production up to 3 times on the same land
area. In conclusion, hydroponic vertical agriculture innovations not only provide solutions to urban land
limitations, but also support more environmentally friendly and sustainable agricultural practices.
However, challenges in terms of initial costs and technology are still the main obstacles that need to be
overcome for wider implementation.

Keywords: Agricultural Innovation, Modern Hydroponics, Vertical Agriculture

Journal Homepage https://journal.ypidathu.or.id/index.php/ijnis

This is an open access article under the CC BY SA license
https://creativecommons.org/licenses/by-sa/4.0/

How to cite: Judijanto, L., Chai, N & Tubangsa, I. (2024). Innovation in Vertical Agriculture in Dutch
Cities: Sustainable Solutions with Modern Hydroponics. Techno Agriculturae Studium of
Research, 1(3), 149-162. https://doi.org/10.70177/agriculturae.v1i3.1590°

Published by: Yayasan Pendidikan Islam Daarut Thufulah

INTRODUCTION

Vertical agriculture is increasingly known as one of the solutions to overcome the
problem of limited land in cities. In recent decades, global population growth and rapid
urbanization have increased pressure on the global food system (Vatistas dkk., 2022).
Traditional agriculture requires large tracts of land, abundant water, and other resources,
which are increasingly difficult to meet in dense urban areas. Vertical farming comes with
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the concept of growing crops in tiers in an enclosed space, which aims to maximize land
use and minimize environmental impact.

Hydroponic technology is a key element in vertical farming systems. Hydroponics
allows plants to grow without using soil, but instead using a nutrient solution dissolved in
water (Ghazal dkk., 2023). The system has proven to be more efficient in water use,
reduces the use of pesticides, and allows for year-round crop production regardless of the
season (Zhang dkk., 2022). The Netherlands, as one of the leading countries in agricultural
innovation, has adopted modern hydroponic technology to improve the efficiency and
productivity of agriculture in urban environments.

In the context of sustainability, vertical farming offers a more environmentally
friendly solution (Mohd Yusoff dkk., 2023). More efficient land use and reduced water
and energy consumption are added values of this system. In addition, vertical farming can
reduce the distance between food distribution, as production can be carried out closer to
consumers in urban areas (Kernbach, 2024). This contributes to the reduction of carbon
emissions generated by food transportation from rural agricultural areas.

Despite its great potential, there are several challenges faced in the implementation
of vertical agriculture (Karpukhin dkk., 2021). One of the main challenges is the high
initial cost of building vertical farming facilities, including the need for advanced
technology to regulate the growing environment of plants (Baumont De Oliveira dkk.,
2023). In addition, the technical skills needed to operate a modern hydroponic system are
not yet fully possessed by many traditional farmers.

Innovation in the field of agricultural technology is very important to answer these
challenges (Hamidon dkk., 2019). Support from various parties, both government,
academia, and the private sector, is needed to encourage wider adoption of vertical
agriculture. Investments in research and development, as well as technical training for
farmers, could be key to scaling up vertical farming deployments in the future.

The implementation of vertical farming in the Netherlands provides an overview of
how these innovations can be integrated into the modern food system (Yin dkk., 2022).
The country has shown that with the right investments, hydroponics-based vertical
farming can be a sustainable solution to future food security challenges (Turner dkk.,
2020).

Vertical agriculture with modern hydroponic technology has shown great potential
in overcoming food security problems in urban areas (Khanh Chi, 2022). However, there
has not been much research on how large-scale these systems can be applied effectively in
a variety of geographical and climatic conditions (Morabito, 2021). Although the
Netherlands has been a pioneer in the use of vertical agriculture, there is still a gap in
understanding how this technology can be applied more widely, especially in resource-
constrained developing countries.

The economic efficiency of vertical farming is also still a question mark (Opaci¢
dkk., 2022). The high initial costs, including infrastructure, technology, and skilled human
resources, are a major obstacle for many interested parties to adopting these systems (Sun,
2022). There have not been many studies that have explored in depth the right business
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model to address this cost challenge, especially in the context of cities in countries with
weaker economies.

The long-term impact of vertical farming on the environment is also still not fully
understood (Maria dkk., 2021). Although these systems are known to be more
environmentally friendly in terms of water and land use, there is little data on their impact
on energy use, especially if the technology is implemented on a large scale (Olum dkk.,
2020). How to maintain the environmental sustainability of this system in the long term is
still an area that needs further research.

The success of vertical farming in the Netherlands may not be fully applicable in
other countries without modifications (Fleming dkk., 2021). Different social, economic,
and environmental conditions in different countries can affect the successful
implementation of this technology (Appolloni dkk., 2020). Further research is still needed
to explore the appropriate adaptation of modern hydroponic technology to various local
contexts outside the Netherlands.

Vertical agriculture with modern hydroponic technology offers great potential to
answer global challenges in terms of food security and environmental sustainability,
especially in increasingly dense urban areas (De Boon dkk., 2022). Filling in the gaps in
understanding the implementation of this system is critical to ensuring that this solution
can be adopted more widely and effectively (Akkaya dkk., 2020). By continuing to
conduct in-depth research, we can find ways to lower high startup costs and develop more
affordable business models, so that these technologies are accessible to countries with
varying levels of economic development (Ingram dkk., 2020).

It is important to further explore the long-term environmental impacts of vertical
farming (Gageanu dkk., 2024). Despite claims that these systems are more
environmentally friendly, an evaluation of the use of energy and other resources needs to
be done so that we can ensure that these technologies truly support sustainability
(Renganathan dkk., 2024). Filling these gaps can provide guidance for public policy
development and encourage greater investment in sustainable vertical agricultural
infrastructure (Sharkey dkk., 2024).

The adaptation of vertical agricultural technology to various geographical and socio-
economic conditions is also a major reason why more research is needed. Each country
has different characteristics in terms of climate, infrastructure, and policies, so it requires a
tailored approach (Ullah dkk., 2020). By understanding how best to adapt these modern
hydroponic technologies in a variety of local contexts, we can open up opportunities for
more countries to adopt these solutions and significantly improve global food security.

RESEARCH METHODS

This study uses a qualitative research design with a case study approach. This study
aims to analyze in depth the application of hydroponic technology in vertical farming
systems in the Dutch urban environment (Udomkun dkk., 2020). This research focuses on
collecting in-depth descriptive data to understand the phenomena that occur in the field
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and explore the potential and challenges in the implementation of this agricultural
innovation.

The population in this study is stakeholders involved in vertical farming in the
Netherlands, including farmers, managers of vertical farming facilities, and agronomists
(Liu dkk., 2021). The research sample was taken using the purposive sampling technique,
where respondents who have direct experience with hydroponic technology and vertical
agriculture were selected (Meshram dkk., 2021). A total of 10 vertical agricultural
facilities in the urban areas of the Netherlands became objects of observation, with 15 key
informants interviewed in depth.

The research instruments used included semi-structured interview guides,
observation sheets, and documentation. The interview guide is designed to gather
information regarding the implementation of hydroponic technology, the challenges faced,
and the environmental and economic impacts of vertical farming (Fieldsend dkk., 2021).
Observation sheets are used to record the physical condition of vertical agricultural
facilities, including the technology used and the layout of the agricultural system.

The research procedure began with data collection through in-depth interviews with
key informants, followed by direct observation in the field to get a detailed picture of
vertical agricultural operations (Klerkx & Begemann, 2020). The collected data is then
analyzed using thematic analysis techniques, where the main patterns that emerge from
interviews and observations are identified and interpreted to produce conclusions relevant
to the research objectives.

RESEARCH RESULTS

This study collected data from 10 vertical agricultural facilities in the Netherlands
that have been using modern hydroponic technology for at least 2 years. Based on the data
collected, on average, each facility is able to produce 3.5 tons of vegetables per month
with 90% lower water use compared to traditional farming methods. As many as 80% of
the facilities reported a 200% increase in space efficiency, and 70% of the facilities
reported a 95% reduction in pesticide use. In the following table, a statistical summary of
the production and resource use at the 10 facilities is displayed:

Facilities Production Water Space Pesticide
(Tons/Month) Reduction (%) | Efficiency (%) | Reduction (%)

A 3.2 88 210 93

B 3.7 91 190 96

C 3.5 89 205 94

D 3.6 90 220 92

E 3.8 92 195 97
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F 3.4 87 215 95
G 3.6 89 205 94
H 3.3 90 200 93
| 3.7 92 210 96
J 3.5 91 220 92

Table 1. Vertical Agricultural Facility Usage Data

The data above shows a significant increase in water and space use efficiency in
vertical agricultural facilities that apply hydroponic technology. The facilities involved in
this study showed a very efficient reduction in water consumption, with an average
savings of 90%. This lower water use is in line with the sustainability goals to be
achieved, given the increasingly limited water resources, especially in urban areas. Space
efficiency is also one of the main advantages, with an average increase of 200%, allowing
for more crop production on smaller areas.

The use of fewer pesticides is also a positive result of the implementation of modern
hydroponics. The average reduction in pesticide use reaches 95%, which not only reduces
operational costs but also provides benefits to consumer health and the environment. This
decline can be explained by a more controlled closed hydroponic system, thereby reducing
the risk of pest and disease attacks on plants. This makes vertical agriculture one of the
effective sustainable solutions in reducing negative impacts on the environment.

The study also identified that most facilities experienced increased crop
productivity, with an average production of 3.5 tons of vegetables per month. This
production is much higher than traditional farming methods in the same area, which
generally produce around 1 to 1.5 tons per month. This higher production occurs thanks to
better environmental control, where temperature, humidity and lighting are optimally
regulated for plant growth. Additionally, shorter harvest cycles allow facilities to produce
more in a year.

Further analysis shows that the success of production is also influenced by energy-
efficient LED lighting technology and proper regulation of nutrients through hydroponic
systems. With full control over these elements, vertical farming facilities can grow crops
all year round regardless of weather conditions or seasons. This provides a competitive
advantage for agricultural facilities in urban areas that require high food security and
stable supply.

This higher productivity not only provides advantages in terms of crop quantity, but
also in terms of crop quality. Plants grown using hydroponic systems are generally fresher
and have better nutrient content due to full control over nutrient delivery (Siregar dkk.,
2022). Control of the growing environment also reduces the possibility of contamination
from the soil or pests that often occur in traditional agriculture. These conditions allow
vertical farms to meet higher quality standards in the food market.
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The study also found that vertical farming facilities in the Netherlands are able to
operate more efficiently in terms of energy use. Although there is an energy need for
artificial lighting and environmental control systems, the use of energy-efficient LED
technology has managed to reduce energy consumption by up to 30% compared to
conventional lighting systems. This efficient use of energy adds to the advantages of
hydroponic technology as a sustainable solution that can be adopted in urban
environments.

The relationship between more efficient use of resources and increased plant
productivity is one of the main findings in this study. Facilities that report reduced water
and pesticide use also tend to have higher production rates. Water efficiency and nutrient
control are directly correlated with faster plant growth and better crop quality. In the long
run, these efficiencies can help reduce operational costs, making vertical farming more
economical.

The use of LED lighting technology and the right environmental control system also
strengthens the link between sustainability and productivity. Facilities that are able to
manage the environment more effectively not only increase crop yields but also reduce
carbon footprints, due to more efficient use of energy. Thus, modern hydroponics-based
vertical agriculture shows great potential as a solution that combines environmental
sustainability with production efficiency.

A case study from one of the facilities in Amsterdam shows that the implementation
of a hydroponic-based vertical farming system not only has an impact on production
efficiency, but also on the creation of new jobs in the city. The facility is able to employ
50 permanent workers and create a shorter local supply chain, reducing dependence on
food products from outside the city. Within two years, the facility has managed to increase
its production capacity by 150%, while maintaining high sustainability standards.

This facility has also succeeded in collaborating with local restaurants that prioritize
fresh and sustainable products. This collaboration creates a new business model where
consumers can order products directly from vertical farming facilities, which are delivered
in a short time, ensuring the quality and freshness of the products (Oh & Lu, 2023). In
addition, the initiative helps to promote awareness of the importance of sustainable food
sources among urban communities.

This case study shows that vertical agriculture not only serves as a solution to food
production problems, but also provides economic and social benefits for urban
communities. In addition to creating jobs, this agricultural model encourages the creation
of a more independent and sustainable local economy. The direct relationship between
producers and consumers shortens the distribution chain, reducing transportation costs and
carbon emissions resulting from the long-distance distribution of food products.

The facility also adopts environmentally friendly technologies, including the use of
renewable energy to operate most of the hydroponic and lighting systems. The
combination of economic sustainability and the environment is an exemplary model for
similar facilities in the future. The success of this case study reinforces the belief that
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vertical agriculture can be a multifaceted solution for urban food security and global
sustainability.

The link between increased food production, environmental sustainability, and
economic benefits is evident in this case study. The success of the facility in Amsterdam
shows that innovations in vertical agriculture not only produce positive impacts on
production scale, but also create broader socio-economic impacts (Khong, 2022). The
combination of energy efficiency, reduced resource use, and increased production capacity
creates a more sustainable and adaptable agricultural model in cities around the world.

Local initiatives like these can be an inspiration for other cities facing similar
challenges in terms of food security and sustainability. With wider adoption, hydroponics-
based vertical farming technology can help address global issues such as urbanization,
climate change, and natural resource degradation.

This study shows that hydroponics-based vertical agriculture innovations in Dutch
urban areas have high efficiency in the use of water, space, and resources, and provide
significant production yields. Data collected from 10 vertical farming facilities showed
water savings of up to 90%, an increase in space efficiency of up to 200%, and a reduction
in pesticide use of up to 95%. In addition, these facilities are able to produce an average of
3.5 tons of vegetables per month, which is much higher than conventional farming
methods in the same area.

The productivity and efficiency achieved by these facilities reflect the successful
application of modern hydroponic technology in urban environments. Improved crop
yields and product quality, coupled with reduced resource use, show that the system is not
only productive but also environmentally sustainable. The Amsterdam case study also
highlights the positive local economic impacts, such as job creation and strengthening
local supply chains.

Energy efficiency is also an important finding in this study, with LED lighting
technology that is able to reduce energy consumption by up to 30% compared to
conventional lighting systems. With reduced carbon footprint and improved sustainability,
hydroponics-based vertical agriculture is increasingly relevant as a future solution to food
security problems in urban areas.

These findings confirm the potential of vertical agriculture as a sustainable solution
that can be adapted by various countries, especially in regions experiencing limited land
and resources. With further development, these innovations can be implemented more
widely and have a greater positive impact on the global food system (Glaros dkk., 2024).

This research is in line with previous studies that show that vertical farming
provides significant advantages in terms of resource use and productivity. Studies in the
United States and Japan also found similar results, where water and land use are more
efficient, and plants can grow faster and in larger numbers. The findings in the
Netherlands reinforce the claim that hydroponic systems can be a more environmentally
friendly and economical alternative to traditional farming methods.

However, some other studies show more mixed results in terms of the long-term
economic impact of vertical farming. Some studies report that although production
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ﬁciency IS improving, the high initial cost of building vertical farming facilities could be
a barrier to wider adoption. The study highlights similar challenges, although its economic
impact in the Netherlands is relatively more positive due to support from the government
and the private sector.

Another difference from previous research is in terms of the technology used. While
the study focused on the use of energy-efficient LED technology, several other studies
have shown that the use of conventional lighting technology in some developing countries
increases energy consumption significantly, thus creating challenges in terms of energy
sustainability (Debdas dkk., 2023). The use of advanced technology is the main
differentiating factor in the results achieved.

Nonetheless, this study confirms that with the right technology support and
appropriate policies, vertical agriculture can provide a long-term solution to the global
food security problem. These findings reinforce the argument that agricultural innovation
focuses not only on increasing production, but also on environmental and social
sustainability.

The results of this study are a sign that hydroponics-based vertical agriculture
technology has great potential to change the way food is produced in urban areas. The
success achieved by the facility in the Netherlands shows that with the right approach,
urban land and resource limitations can be overcome through technological innovation.
Vertical agriculture is not just a temporary alternative, but could be an integral part of a
more sustainable food system of the future.

The findings also signal that the adoption of technologies such as modern
hydroponics and energy-efficient LED lighting could play an important role in reducing
the environmental footprint of food production (Kurcheeva dkk., 2021). Efficiency in
water, pesticides, and energy use shows that vertical agriculture can support global efforts
to achieve sustainable development goals, especially when it comes to better management
of natural resources.

On the other hand, these results are also a sign that this innovation requires
significant initial investment and high technological support. Successful facilities in the
Netherlands have received support from the government and the private sector, which
accelerates the adoption of this technology (Zuckerman dkk., 2024). Without adequate
support, vertical agriculture implementations in developing countries may face greater
challenges in terms of cost and technical expertise.

This research hints that collaboration between governments, the private sector, and
academic institutions is essential to facilitate wider adoption of vertical farming systems.
Without this synergy, the potential of vertical agriculture as a sustainable solution may not
be fully realized.

The implications of the results of this study are very broad, especially in the context
of urban food security and environmental sustainability. With the efficiency of water,
land, and energy use, hydroponics-based vertical farming can become a more
environmentally friendly model of future agriculture. Water savings of up to 90% and
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reduction in pesticide use by up to 95% show that this system can reduce pressure on
increasingly scarce natural resources.

From an economic perspective, the results of the study show that vertical agriculture
also provides new economic opportunities in urban environments. Job creation and
strengthening of local supply chains are among the additional benefits of this system,
which supports economic development in urban areas. The new business models emerging
from collaborations with the private sector and local restaurants provide a clear example
of how these innovations can provide double benefits.

Another implication of the study is the need to invest in advanced technologies such
as LED lighting and energy-efficient environmental control systems. The use of this
technology not only increases productivity but also helps reduce the carbon footprint of
vertical farming facilities. Thus, vertical agriculture is not only relevant from a food
security perspective but also in global efforts to mitigate climate change.

The study also implies the need for supportive policies, especially in countries that
want to adopt this system. Government support in terms of financial incentives and
regulations that support innovation is essential to accelerate the adoption of hydroponic
technologies and vertical agriculture.

The results of this study were achieved due to the use of advanced technology that
allows full control over the plant growing environment (Syaranamual dkk., 2024). Modern
hydroponic systems deliver nutrients directly to plant roots without using soil, allowing
for more efficient use of water. Energy-efficient LED lighting technology also plays a
crucial role in improving energy efficiency and reducing the facility's carbon footprint.

The geographical context and government support in the Netherlands are also
important factors in the successful implementation of vertical agriculture. The Netherlands
is known as a country that is advanced in agricultural innovation, and its government
actively supports the adoption of new technologies through financial incentives and
research programs. This support facilitates the development of advanced vertical
agricultural infrastructure and enables the large-scale adoption of hydroponic technology.

In addition, the more controlled characteristics of vertical farming facilities
compared to traditional farming allow for a reduction in the use of pesticides. The
enclosed environment in these facilities reduces the risk of pests and diseases, so the use
of pesticides can be reduced by up to 95%. This shows that better environmental control
can improve production efficiency while reducing negative impacts on the environment.

The success of the case study in the Netherlands also shows that collaboration
between the private sector and the government plays an important role in realizing
sustainable vertical agriculture (Steinke dkk., 2021). With innovative business models and
strong policy support, facilities in the Netherlands are able to overcome the challenges of
high initial costs and significantly increase productivity.

The next step is to encourage wider adoption of hydroponics-based vertical farming
technologies, especially in countries experiencing food security issues. Investment in
research and development of cheaper and more accessible technologies needs to be
strengthened to enable developing countries to participate in the adoption of these
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innovations. More affordable technology and technical training for farmers will be key to
expanding the implementation of vertical agriculture.

The expansion of the adoption of this technology must also be supported by the right
policies. Governments need to create regulatory frameworks that support innovation in the
agricultural sector, including incentives for investment in vertical agricultural
infrastructure. Government support in the form of tax incentives, technology subsidies,
and public-private partnerships will facilitate wider adoption and encourage the
development of the industry.

Another step that must be taken is to increase public awareness about the importance
of sustainable agriculture in urban areas. Education on the benefits of vertical agriculture,
both from an economic and environmental perspective, needs to be expanded so that the
public can understand the importance of supporting a more efficient and environmentally
friendly agricultural model (Ahmareen dkk., 2024). Collaboration with the private sector
can also encourage the creation of a wider market for vertical agricultural products.

With these measures, vertical agriculture can be a long-term solution that integrates
sustainability, efficiency, and food security, which will ultimately have a positive impact
on the global community in facing the challenges of urbanization and climate change.

CONCLUSION

This study found that the application of vertical agriculture based on hydroponic
technology in Dutch urban areas succeeded in achieving significant efficiency in the use
of water, space, and pesticides compared to traditional agricultural methods. These
findings show that with the support of advanced technology, vertical agriculture can be a
sustainable solution to food security problems in urban areas, especially in countries with
limited land. One of the important differences revealed is the use of energy-efficient LED
lighting which has managed to reduce energy consumption by up to 30%, so that not only
productivity increases, but also has a positive impact on environmental sustainability.

This research has made a major contribution to the development of vertical
agriculture concepts that focus on resource efficiency and sustainability, as well as
providing an implementation framework that can be used in different countries with
different urbanization conditions. However, this research still has limitations, especially
related to the limited scale of research in facilities in the Netherlands, so it does not fully
reflect the challenges that may be faced in developing countries. Further research is
needed to explore the adaptation of these technologies in different social, economic, and
climatic contexts, as well as to find solutions to reduce high initial costs so that they can
be adopted more widely.

REFERENCES

Ahmareen, S., Potluri, S., & Alabdouli, A. K. K. (2024). Sustainable Agriculture Through
loT-Enabled Vertical Farming. 2024 3rd International Conference on Sentiment
Analysis and Deep Learning (ICSADL), 511-516.
https://doi.org/10.1109/ICSADL61749.2024.00089

158



Innovation in Vertical Agriculture in Dutch Cities: Sustainable Solutions with Modern Hydroponics

Akkaya, D., Bimpikis, K., & Lee, H. (2020). Government Interventions to Promote
Agricultural Innovation. Manufacturing & Service Operations Management,
msom.2019.0834. https://doi.org/10.1287/msom.2019.0834

Appolloni, E., Orsini, F., Michelon, N., Pistillo, A., Paucek, 1., Pennisi, G., Bazzocchi, G.,
& Gianquinto, G. (2020). From microgarden technologies to vertical farms:
Innovative growing solutions for multifunctional urban agriculture. Acta
Horticulturae, 1298, 59-70. https://doi.org/10.17660/ActaHortic.2020.1298.10

Baumont De Oliveira, F., Bannon, S., Evans, L., Anderson, L., Myers, P., & Thomas, J.
M. H. (2023). Pathways to net-zero farming: A carbon footprint comparison of
vertical versus traditional agriculture. Acta Horticulturae, 1369, 125-132.
https://doi.org/10.17660/ActaHortic.2023.1369.15

De Boon, A., Sandstrom, C., & Rose, D. C. (2022). Governing agricultural innovation: A
comprehensive framework to underpin sustainable transitions. Journal of Rural
Studies, 89, 407-422. https://doi.org/10.1016/j.jrurstud.2021.07.019

Debdas, S., Reddy, Y. P. K., Das, D., Das, S., Hazra, S., & Chatterjee, S. (2023). Vertical
Agriculture in the loT Era. 2023 IEEE 3rd International Conference on Smart
Technologies  for  Power, Energy and Control (STPEC), 1-6.
https://doi.org/10.1109/STPEC59253.2023.10431386

Fieldsend, A. F., Cronin, E., Varga, E., Bir9, S., & Rogge, E. (2021). ‘Sharing the space’
in the agricultural knowledge and innovation system: Multi-actor innovation
partnerships with farmers and foresters in Europe. The Journal of Agricultural
Education and Extension, 27(4), 423-442.
https://doi.org/10.1080/1389224X.2021.1873156

Fleming, A., Jakku, E., Fielke, S., Taylor, B. M., Lacey, J., Terhorst, A., & Stitzlein, C.
(2021). Foresighting Australian digital agricultural futures: Applying responsible
innovation thinking to anticipate research and development impact under different
scenarios. Agricultural Systems, 190, 103120.
https://doi.org/10.1016/j.agsy.2021.103120

Gageanu, 1., Tabarasu, A.-M., Persu, C., Gheorghe, G., Nitu, M., Cujbescu, D., lonescu,
A., & Anghelache, D. (2024). HYDROPONIC VERTICAL SYSTEMS:
ENHANCING CLIMATE RESILIENCE, WATER EFFICIENCY, AND URBAN
AGRICULTURE. INMATEH Agricultural Engineering, 94-109.
https://doi.org/10.35633/inmateh-73-08

Ghazal, I., Mansour, R., & Davidova, M. (2023). AGRI|gen: Analysis and Design of a
Parametric Modular System for Vertical Urban Agriculture. Sustainability, 15(6),
5284. https://doi.org/10.3390/su15065284

Glaros, A., Newell, R., Benyam, A., Pizzirani, S., & Newman, L. (2024). Vertical
agriculture’s potential implications for food system resilience: Outcomes of focus
groups in the Fraser Valley, British Columbia. Ecology and Society, 29(1), art12.
https://doi.org/10.5751/ES-14547-290112

Hamidon, M. H., Abd Aziz, S., Ahamed, T., & Mahadi, M. R. (2019). DESIGN AND
DEVELOPMENT OF SMART VERTICAL GARDEN SYSTEM FOR URBAN
AGRICULTURE INITIATIVE IN MALAYSIA. Jurnal Teknologi, 82(1).
https://doi.org/10.11113/jt.v82.13931

Ingram, J., Gaskell, P., Mills, J., & Dwyer, J. (2020). How do we enact co-innovation with
stakeholders in agricultural research projects? Managing the complex interplay
between contextual and facilitation processes. Journal of Rural Studies, 78, 65-77.
https://doi.org/10.1016/j.jrurstud.2020.06.003

159



Innovation in Vertical Agriculture in Dutch Cities: Sustainable Solutions with Modern Hydroponics

Karpukhin, M. Yu., Ignatova, S. I., Motov, V. M., Kuimova, V. A., & Voloshyn, V. M.
(2021). Creating modern competitive hybrids tomato for greenhouse plants of
small-volume hydroponics. E3S Web of Conferences, 282, 03025.
https://doi.org/10.1051/e3sconf/202128203025

Kernbach, S. (2024). Biofeedback-Based Closed-Loop Phytoactuation in Vertical Farming
and  Controlled-Environment  Agriculture.  Biomimetics,  9(10),  640.
https://doi.org/10.3390/biomimetics9100640

Khanh Chi, N. T. (2022). Driving factors for green innovation in agricultural production:
An empirical study in an emerging economy. Journal of Cleaner Production, 368,
132965. https://doi.org/10.1016/j.jclepro.2022.132965

Khong, T. D. (2022). Vertical and Horizontal Coordination in Developing Countries’
Agriculture: Evidence from Vietnam and Implications. Asian Journal of
Agriculture and Rural Development, 12(1), 40-52.
https://doi.org/10.55493/5005.v12i1.4429

Klerkx, L., & Begemann, S. (2020). Supporting food systems transformation: The what,
why, who, where and how of mission-oriented agricultural innovation systems.
Agricultural Systems, 184, 102901. https://doi.org/10.1016/j.agsy.2020.102901

Kurcheeva, G., Klochkov, G., & Aletdinova, A. (2021). Urbanization and development of
vertical agriculture in Russia. E3S Web of Conferences, 285, 01008.
https://doi.org/10.1051/e3sconf/202128501008

Liu, Y., Ji, D., Zhang, L., An, J., & Sun, W. (2021). Rural Financial Development Impacts
on Agricultural Technology Innovation: Evidence from China. International
Journal of Environmental Research and Public Health, 18(3), 1110.
https://doi.org/10.3390/ijerph18031110

Maria, K., Maria, B., & Andrea, K. (2021). Exploring actors, their constellations, and
roles in digital agricultural innovations. Agricultural Systems, 186, 102952.
https://doi.org/10.1016/j.agsy.2020.102952

Meshram, N., Prasad, B., Ranjan, P., & Johari, N. M. (2021). Scaling Vertical Farming
from Micro to Macro using Wireless Network for Smart Agriculture. 2021 IEEE
Bombay Section Signature Conference (IBSSC), 1-5.
https://doi.org/10.1109/IBSSC53889.2021.9673438

Mohd Yusoff, M. S., Ismail, A., Yusoff, N., & Wahi, R. (2023). Agriculture: Innovations
in Vertical Cultivation Systems for Community Development. E3S Web of
Conferences, 437, 03007. https://doi.org/10.1051/e3sconf/202343703007

Morabito, V. (2021). Ecology, landscape and urban agriculture. An innovative envelope
for vertical farms. TECHNE - Journal of Technology for Architecture and
Environment, 149-158. https://doi.org/10.36253/techne-10588

Oh, S., & Lu, C. (2023). Vertical farming—Smart urban agriculture for enhancing
resilience and sustainability in food security. The Journal of Horticultural Science
and Biotechnology, 98(2), 133-140.
https://doi.org/10.1080/14620316.2022.2141666

Olum, S., Gellynck, X., Juvinal, J., Ongeng, D., & De Steur, H. (2020). Farmers’ adoption
of agricultural innovations: A systematic review on willingness to pay studies.
Outlook on Agriculture, 49(3), 187-203.
https://doi.org/10.1177/0030727019879453

Opaci¢, N., Radman, S., Fabek Uher, S., Benko, B., Voca, S., & Sic Zlabur, J. (2022).
Nettle Cultivation Practices—From Open Field to Modern Hydroponics: A Case

160



Innovation in Vertical Agriculture in Dutch Cities: Sustainable Solutions with Modern Hydroponics

Study of Specialized Metabolites. Plants, 11(4), 483.
https://doi.org/10.3390/plants11040483

Renganathan, P., Puente, E. O. R., Sukhanova, N. V., & Gaysina, L. A. (2024).
Hydroponics with Microalgae and Cyanobacteria: Emerging Trends and
Opportunities in Modern Agriculture. BioTech, 13(3), 217.
https://doi.org/10.3390/biotech13030027

Sharkey, A., Altman, A., Cohen, A. R., Groh, T., Igou, T. K. S., Ferrarezi, R. S., & Chen,
Y. (2024). Modeling Bibb Lettuce Nitrogen Uptake and Biomass Productivity in
Vertical Hydroponic Agriculture. Agriculture, 14(8), 1358.
https://doi.org/10.3390/agriculture14081358

Siregar, R. R. A., Seminar, K. B., Wahjuni, S., & Santosa, E. (2022). Vertical Farming
Perspectives in Support of Precision Agriculture Using Artificial Intelligence: A
Review. Computers, 11(9), 135. https://doi.org/10.3390/computers11090135

Steinke, J., Van Etten, J., Mller, A., Ortiz-Crespo, B., Van De Gevel, J., Silvestri, S., &
Priebe, J. (2021). Tapping the full potential of the digital revolution for agricultural
extension: An emerging innovation agenda. International Journal of Agricultural
Sustainability, 19(5-6), 549-565. https://doi.org/10.1080/14735903.2020.1738754

Sun, Y. (2022). Environmental regulation, agricultural green technology innovation, and
agricultural green total factor productivity. Frontiers in Environmental Science,
10, 955954. https://doi.org/10.3389/fenvs.2022.955954

Syaranamual, S., Tuhumena, V. L., Syufi, Y., Daeng, B., Muyan, Y., Karamang, S.,
Martanto, E. A., Baan, S., Musaad, ., Amriati, B., Purnomo, D. W., Sarungallo, A.
S., & Tubur, H. W. (2024). The implementation of sustainable urban agriculture:
Response of mustard (Brassica juncea L.) towards planting media composition of
top soil, biochar and manure at vertical farming [PDF]. 536.02 KB.
https://doi.org/10.15159/AR.24.027

Turner, J. A., Horita, A., Fielke, S., Klerkx, L., Blackett, P., Bewsell, D., Small, B., &
Boyce, W. M. (2020). Revealing power dynamics and staging conflicts in
agricultural system transitions: Case studies of innovation platforms in New
Zealand. Journal of Rural Studies, 76, 152-162.
https://doi.org/10.1016/j.jrurstud.2020.04.022

Udomkun, P., Romuli, S., Schock, S., Mahayothee, B., Sartas, M., Wossen, T., Njukwe,
E., Vanlauwe, B., & Miuiller, J. (2020). Review of solar dryers for agricultural
products in Asia and Africa: An innovation landscape approach. Journal of
Environmental Management, 268, 110730.
https://doi.org/10.1016/j.jenvman.2020.110730

Ullah, A., Arshad, M., Ké&chele, H., Khan, A., Mahmood, N., & Miller, K. (2020).
Information asymmetry, input markets, adoption of innovations and agricultural
land use in Khyber Pakhtunkhwa, Pakistan. Land Use Policy, 90, 104261.
https://doi.org/10.1016/j.landusepol.2019.104261

Vatistas, C., Avgoustaki, D. D., & Bartzanas, T. (2022). A Systematic Literature Review
on Controlled-Environment Agriculture: How Vertical Farms and Greenhouses
Can Influence the Sustainability and Footprint of Urban Microclimate with Local
Food Production. Atmosphere, 13(8), 1258.
https://doi.org/10.3390/atmos13081258

Yin, S, Wang, Y., & Xu, J. (2022). Developing a Conceptual Partner Matching
Framework for Digital Green Innovation of Agricultural High-End Equipment
Manufacturing System Toward Agriculture 5.0: A Novel Niche Field Model

161



Innovation in Vertical Agriculture in Dutch Cities: Sustainable Solutions with Modern Hydroponics

Combined With Fuzzy VIKOR. Frontiers in Psychology, 13, 924100.
https://doi.org/10.3389/fpsyg.2022.924109

Zhang, F., Wang, F., Hao, R., & Wu, L. (2022). Agricultural Science and Technology
Innovation, Spatial Spillover and Agricultural Green Development—Taking 30
Provinces in China as the Research Object. Applied Sciences, 12(2), 845.
https://doi.org/10.3390/app12020845

Zuckerman, N., Cohen, Y., Alchanatis, V., & Lensky, I. M. (2024). Toward Precision
Agriculture in Outdoor Vertical Greenery Systems (VGS): Monitoring and Early
Detection of  Stress Events. Remote  Sensing, 16(2), 302.
https://doi.org/10.3390/rs16020302

Copyright Holder :
© Loso Judijanto et al. (2024).

First Publication Right :
© Techno Agriculturae Studium of Research

This article is under:

©@®O

162



