wijpls, 2025, Vol. 11, Issue 5, 160-166

Review Article

World Journal of Pharmaceutical and Life Sciences

WJPLS

www.wipls.org

SJIF Impact Factor: 7.409 |

VERTICAL FARMING AND URBAN BOTANY: INNOVATIONS FOR SUSTAINABLE
URBAN AGRICULTURE

Renu Singh*

Department of Botany, T.D.P.G. College, Jaunpur Affliated to VBSP University, Jaunpur (U.P.) 222002.

*Corresponding Author: Renu Singh

Department of Botany, T.D.P.G. College, Jaunpur Affliated to VBSP University, Jaunpur (U.P.) 222002.

Article Received on 16/03/2025

Article Revised on 06/04/2025

Article Accepted on 27/04/2025

ABSTRACT

metropolitan areas.

This review explores the development, technologies, and ecological benefits of vertical farming and urban botany
in the context of rapid urbanization and global food security challenges. Emphasizing sustainability, resource
optimization, and integration into smart cities, the paper compiles extensive research findings and case studies
from over 200 peer-reviewed sources. It also highlights policy frameworks, technological innovations, and the role
of urban green infrastructure in promoting biodiversity, improving air quality, and enhancing food production in

KEYWORDS: Vertical farming, urban botany, sustainable agriculture, urban greening, smart cities, hydroponics,
aeroponics, food security, biodiversity, controlled environment agriculture (CEA).

1. INTRODUCTION

Urbanization is reshaping the global landscape, with
more than half of the world’s population now living in
cities—a figure projected to rise to 68% by 2050 (United
Nations, 2019). This demographic shift places immense
pressure on urban infrastructure, particularly food
systems, which are increasingly challenged by limited
space, rising energy demands, and ecological
degradation. Traditional agricultural models are often
inadequate to meet urban food requirements sustainably,
prompting the exploration of innovative
solutions.Vertical farming and urban botany have
emerged at the nexus of agriculture, technology, and
environmental science. These concepts leverage
underutilized vertical space and controlled environments
to cultivate crops closer to the point of consumption.
Beyond food production, urban botany contributes to the
health and livability of cities by integrating vegetation
into buildings, streetscapes, and rooftops. Collectively,

these practices offer a promising path toward climate-
resilient urban agriculture, reducing food miles,
enhancing biodiversity, and mitigating the urban heat
island effect.

This paper presents a comprehensive review of vertical
farming and urban botany, tracing their historical
evolution, examining current technologies, evaluating
socioeconomic and ecological impacts, and outlining
future research trajectories. Through the synthesis of
more than 200 scholarly works, it underscores the
strategic role of these innovations in building
sustainable, productive, and green urban environments.

2. Historical Background and Evolution

The origins of vertical farming and urban botany trace
back to ancient agricultural practices, but their modern
iteration has evolved significantly in response to
industrialization and urban pressures.table-1.

Era Key Developments

References

Ancient Civilizations ?
farming

Hanging Gardens of Babylon, terraced

(Besthorn, 2013; Despommier, 2010)

17th-19th Century conservatories

Early greenhouses in Europe, botanical

(Specht et al., 2014; Al-Kodmany,
2018)

Controlled environment agriculture

ISSN 2454-2229

Mid-20th Century

(CEA), hydroponics experiments

(Resh, 2012; Jensen, 1999)

Late 20th Century

NASA develops aeroponics for space
missions

(Sharma et al., 2019; Wheeler, 2010)

21st Century

Vertical farms in urban settings, smart
technologies, Al integration

(Despommier, 2009; Kozai et al., 2015;
Beacham et al., 2019)
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The 20th century witnessed critical advancements in
agriculture through the Green Revolution, which
prioritized yield intensification using chemical fertilizers,
mechanization, and hybrid seeds (Pingali, 2012).
However, environmental concerns surrounding soil
degradation, water pollution, and loss of biodiversity
pushed researchers to explore sustainable alternatives,
leading to the birth of modern vertical farming.

Dickson Despommier, a public health professor at
Columbia University, is credited with popularizing the
idea of modern vertical farming in the early 2000s. His
vision was to use multi-story buildings equipped with
controlled environments to grow food within urban
centers, thereby minimizing land use, water
consumption, and transportation costs (Despommier,
2009).

Simultaneously, urban botany began gaining prominence
with the increasing integration of plants into the built
environment. Projects such as Bosco Verticale in Milan
and the High Line in New York City demonstrated the
aesthetic, ecological, and psychological benefits of urban
greenery (Dunnett & Kingsbury, 2004; Francis &
Lorimer, 2011).

3.1 Key Technologies

Technological innovations, including LED lighting, loT
sensors, automation, and renewable energy integration,
have enabled the scalability and feasibility of vertical
farming (Kozai et al., 2016; Mitchell et al., 2015). Public
awareness about food security, climate change, and
nutrition has further driven demand for localized and
sustainable food production systems.

The historical trajectory of vertical farming and urban
botany reveals a shift from passive greenery and
subsistence-level food cultivation to highly engineered
systems embedded within the urban fabric. Today,
vertical farms not only serve as food sources but also as
hubs for education, community engagement, and urban
resilience (Beacham et al., 2019; Bamwesigye et al.,
2020).

3. Technologies in Vertical Farming

Vertical farming utilizes a range of technologies to
maximize crop yield in limited spaces while optimizing
resource use. The integration of advanced systems such
as hydroponics, aeroponics, aquaponics, LED lighting,
climate control, and Al-based automation has
revolutionized the sector.

References

Technology Description
Soilless plant growth in
nutrient-rich water

Roots suspended in air and

Advantages

High water-use
efficiency, fast growth
Superior oxygen

Hydroponics (Resh, 2012; Jones, 2016)

(Sharma et al., 2019;

Aeroponics misted with nutrients availability, water savings | Goto et al., 2016)
. Integration of fish farming Closgd-loop systgm, (Love et al., 2015; Yep &
Aquaponics . . sustainable protein +
with hydroponics crops Zheng, 2019)
LED Lighting Tailored light spectra to Energy-efficient, (Mitchell et al., 2015;

customizable
Year-round production,
disease control
Reduced labor, data-
driven efficiency

enhance plant growth
Temperature, humidity,
CO,, optimization
Remote monitoring,
precision farming

Singh et al., 2015)
(Banerjee & Adenaeuer,
2014; Kozai et al., 2016)
(Al-Kodmany, 2018;
Beacham et al., 2019)

Climate Control
Systems

Automation & loT

3.2 System Architecture
Vertical farms vary in design but often incorporate
stacked trays or rotating towers within controlled

P e
FARMING
131333
.VQPU QPQP.
.hﬂwvvaqﬂll

v vw v 7|

Figure 1. Common Structural Designs in Vertical Farming.

environments. These systems use sensors and Al to
maintain ideal growth conditions.

P~

Vol 11, Issue 5, 2025. 1SO 9001:2015 Certified Journal | 161

www.wipls.org |




Renu.

World Journal of Pharmaceutical and Life Science

3.3 Environmental Performance Metrics

Metric Vertical Farming | Traditional Farming | Improvement (%)
Water Use (L/kg) 5-10 200-300 95%
Land Use (m#/kg) 0.01-0.05 0.5-1.0 90%
Yield (kg/m2/year) 50-100 5-10 900%
Carbon Emissions (kg CO, eq/kg) 0.5-1.2 2.0-4.0 60%

Source:

The chart below compares Kkey environmental
performance metrics between vertical farming and
conventional farming. Vertical farming generally shows

Al-Chalabi (2015); Kozai (2013); Benke & Tomkins (2017)

better performance in water usage, land usage, pesticide
reduction, and yield per area, though it may have higher
energy consumption.
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Environmental Performance Metrics

These technologies, when integrated efficiently, allow
for controlled, high-density, and pesticide-free food
production within urban cores. However, energy use
remains a major concern, necessitating future
improvements in energy-efficient lighting and renewable
power integration (Banerjee & Adenaeuer, 2014;
Goldstein et al., 2016).

4. Urban Botany: A Greener Future for Cities
Urban botany is rapidly evolving, with cities around the
world embracing plants as critical components of their

urban ecosystems. Green spaces such as green roofs,
vertical gardens, and urban forests are increasingly
integrated into cities' infrastructures, enhancing
biodiversity, improving air quality, and mitigating the
urban heat island effect (Getter & Rowe, 2006; Nowak et
al., 2006).

Urban Botany

Component Benefits

Examples References

Improved air quality,
insulation, stormwater
management

Green Roofs

Bosco Verticale, Milan;
Chicago City Hall Roof

Wilkinson (2010);
Tzoulas et al. (2007)

Vertical
Gardens

Aesthetic appeal, food
production, heat mitigation

The Vertical Farm,
NYC

Al-Kodmany (2018);
Specht et al. (2014)

Increased biodiversity,
noise reduction, mental
health benefits

Urban Forests

Francis & Lorimer
(2011); Barton et al.
(2009)

High Line Park, NYC

By promoting urban biodiversity, urban botany
contributes to ecosystem services that are crucial for
enhancing the quality of life in cities. The incorporation

of plants in cities can help address climate change by
sequestering carbon, reducing energy consumption, and
enhancing the resilience of urban environments (Maller

www.wipls.org |  Vol11,Issue5,2025. |

1SO 9001:2015 Certified Journal | 162




Renu.

World Journal of Pharmaceutical and Life Science

et al., 2006; Faeth et al., 2011).

5. Socioeconomic and Ecological Impacts

The integration of vertical farming and urban botany not
only addresses food security but also provides significant
social, environmental, and economic benefits. Vertical
farming has the potential to reduce food miles, create
jobs, and promote community engagement, especially
when implemented in underserved urban areas (Lovell,
2010; Beacham et al., 2019). Similarly, urban botany can
improve public health outcomes by providing accessible
green spaces that encourage physical activity, reduce
stress, and promote social interaction (Kuo et al., 1998;

6. Challenges and Limitations

Smith et al., 2006). Moreover, these initiatives contribute
to urban climate resilience by improving stormwater
management, reducing the urban heat island effect, and
promoting biodiversity (Oberndorfer et al., 2007).

5.1. Economic and Social Implications

Vertical farming can be economically viable with scale
and proper management. Investment in agri-tech creates
employment and entrepreneurial opportunities (Beacham
et al., 2019; Vyas & Srivastava, 2019; Gentry et al.,
2020). Educational institutions use vertical farming as a
pedagogical tool (Bamwesigye et al., 2020).

CHALLENGES ano LIMITATIONS
oF VERTICAL FARMING

Limited Crop
Selection

e
C A e
L

Energy
Consumption

Technical
Challenges

Figure 2. Diagram showing Challenges and limitation of vertical farming.

Despite its promise, vertical farming faces challenges
related to high startup costs, energy demands, and
technical complexity (Al-Kodmany, 2018; Koérner &
Challa, 2003; Specht et al., 2014; Benke & Tomkins,
2017). Urban farming policies and zoning regulations
remain underdeveloped in many regions (Sanyé-Mengual
etal., 2015).

7. Case Studies and Global Applications

e Japan: Plant factories such as Spread and Mirai
exemplify large-scale urban farming (Kozai, 2013;
Touliatos et al., 2016).

e USA: Companies like AeroFarms and Bowery
Farming integrate loT and machine learning to
optimize production (Al-Chalabi, 2015; Sanjuan-
Delmas et al., 2018).

e Singapore: Sky Greens uses vertical rotation and
hydroponics to grow leafy vegetables (Khee et al.,
2017).

e India: Urban hydroponics initiatives are growing
rapidly in cities like Bengaluru and Pune (Mughal et
al., 2020).

e Europe: Bosco Verticale in Milan and rooftop farms
in Copenhagen illustrate urban greening trends
(Dunnett & Kingsbury, 2004; Caplow, 2009).

8. Policy and Governance

National urban agriculture policies increasingly support
vertical farming initiatives (FAO, 2021; de Zeeuw et al.,
2011). Certification systems like LEED and BREEAM
encourage green infrastructure in buildings (USGBC,
2013; BRE, 2015).

9. Future Prospects and Research Directions
Integration of vertical farming with Al, sensors, and data
analytics will lead to more resilient food systems
(Mondejar et al., 2020; Appolloni et al., 2022). Space
agencies explore vertical farming for extraterrestrial
agriculture (Wheeler, 2010; Zabel et al., 2016).

10. CONCLUSION

Vertical farming and urban botany are no longer
futuristic visions but have become essential instruments
in the pursuit of urban sustainability. By integrating
high-efficiency agricultural practices within cityscapes,
they respond to critical global challenges such as climate
change, urban food insecurity, and declining
biodiversity. These innovations offer scalable solutions
that align with circular economy principles and
sustainable development goals.

As more cities adopt smart infrastructure and embrace
green innovation, the implementation of vertical farms
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and urban botanical systems is poised to expand. With
continued investment, interdisciplinary research, and
supportive policy frameworks, vertical farming and

urban

botany can significantly transform urban

environments—redefining how we grow food, interact
with nature, and build cities that are not only habitable
but regenerative and resilient.
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