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Urban areas face increasing 
pressure to ensure food se-
curity amid land scarcity, wa-
ter shortages, and climate 
change. Vertical farming 
and hydroponics are emerg-
ing as sustainable solutions 
by enabling high-yield crop 
production in limited spaces 
with efficient use of resourc-
es. These systems reduce de-
pendency on soil, save wa-
ter, and provide year-round 
cultivation while minimizing 
supply chain losses. Despite 
challenges such as high en-
ergy demands, limited crop

diversity, and high initial costs, advance-
ments in automation, renewable energy 
integration, and smart farming technol-
ogies make them promising tools for the 
future. With supportive policies and inno-
vation, vertical farming and hydroponics 
can significantly strengthen urban food 
systems and contribute to a more resil-
ient and sustainable future.

Cities are growing fast. More people are 
moving into urban areas, and farmland 
around cities is shrinking due to urban 
sprawl, land degradation, and climate 
change. At the same time, food de-
mand—especially for fresh fruits, vege-
tables, and herbs—is rising. Traditional 
farming is under pressure: it uses a lot 
of water, requires large tracts of land, 
depends on climate conditions, and of-
ten involves long supply chains. In this 
context, vertical farming and hydropon-
ics have emerged as promising tools for 
ensuring urban food security. They offer 
ways to produce food locally, efficiently

Abstract

Introduction

Abhishek Singh Dehal

In terms of any communication,  cor-
respondence is pertained to:  singh.
dehal23@gmail.com

Department of Agriculture,  Punjabi 
University,  Patiala,  Punjab-147002



www.digitalagrinews.com

and sustainably. 

This article explores what vertical 
farming and hydroponics are, how 
they help with food security in cit-
ies, what challenges they face, and 
what the future may hold.

Vertical farming refers to growing 
crops in vertically stacked layers, 
indoors or in controlled environ-
ments. Instead of spreading out 
horizontally on farm fields, plants 
are arranged in towers or racks. En-
vironmental conditions (light, tem-
perature, humidity, CO₂, nutrients) 
are managed carefully.
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What Are Vertical Farm-
ing and Hydroponics?
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Why Are They Important 
for Urban Food Security?
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Hydroponics is a soilless agriculture tech-
nique. Plants grow in nutrient-rich wa-
ter solutions, with or without inert me-
dia (like perlite, coconut coir, rock wool). 
Variants include nutrient film technique 
(NFT), deep water culture, ebb and flow, 
and others. 

Often vertical farming uses hydroponic 
(or related soilless) techniques like aero-
ponics or aquaponics. These combina-
tions can increase yield per area, reduce 
resource use, and allow for year-round 
production.

Food security means more than just hav-
ing enough calories. It involves availabili-
ty, accessibility, utilization and stability of 
food. Vertical farming and hydroponics 

can contribute in several 
ways:

1.	 Efficient land use: Ur-
ban areas often have limit-
ed space. Vertical farming 
allows more crop output 
per square meter by stack-
ing layers. For example, a 
study comparing vertical 
column-based systems 
with horizontal hydropon-
ics found that vertical sys-
tems boosted lettuce yield 
per unit area (Touliatos et 
al., 2016). 

2.	Water savings: Hydro-
ponic systems use wa-
ter more efficiently, since 
nutrient solutions can be 
recirculated and losses 
minimized. Evaporation 
and runoff that happen in 
open field farming are less 
of an issue. 

3.	Reduced supply-chain 
losses and distanc-
es: Growing food within 
or near cities cuts down 
transport time, refrigera-
tion needs, spoilage, and 
packaging costs. Locally 
produced fresh produce is 
more accessible to urban 
consumers (Shay, 2021; Qiu 
et al., 2020).  

4.	Year-round production 
& climate resilience: In-
door or controlled-envi-
ronment aren’t as depend-
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Examples & 
Case Studies

Challenges and Limitations
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While the promise is high, there are sever-
al drawbacks and hurdles to widespread 
adoption. It’s important to consider these 
before expecting vertical farming & hydro-
ponics to solve all urban food security prob-
lems.

-ent on seasons or 
weather extremes. They 
can maintain produc-
tion even when outside 
conditions are poor 
(drought, heat, storms). 
This improves stability 
of supply. 

5. Reduced pesticide 
use and better quali-
ty: Since environmen-
tal parameters are con-
trolled and pests can 
be managed more pre-
cisely, vertical/hydro-
ponic farms often need 
fewer chemical inputs. 
Also, sanitation and 
sterility can be better 
managed, which may 
improve food safety. 

6. Potential for inno 
economies: Grow-
ing fo od inside cities 
fosters new business 
models (e.g., modular 
farms, container farms, 
rooftop farms), requires 
skilled labour (in engi-
neering, monitoring, 
system maintenance), 
and can promote ur-
ban agriculture as part 
of sustainable develop-
ment.

•	 High initial investment and opera-
tional costs:  Setting up vertical farms 
with LED lighting, HVAC (heating, ven-
tilation, and air conditioning), automat-
ed monitoring, and nutrient delivery 
systems can be expensive. Power costs, 
capital costs for structures, materials, 
and labour are non-trivial.

•	 Yield increase: A 
study showed that

vertical column‐based vertical farming sys-
tems produced more lettuce per unit area 
compared to conventional horizontal hy-
droponics under similar conditions (Toulia-
tos et al., 2016). 

•	 Applications in China: Research in ur-
ban agriculture in China finds that ver-
tical farming systems there have ad-
vanced in design and operation, using 
hydroponics and sophisticated environ-
mental control, AI and automation to in-
crease productivity, reduce dependen-
cies on pesticides, and improve yields 
(Baiyin and Yang, 2024). 

•	 Global review trends: A recent review 
by Verma et al. (2024) discussed innova-
tions and challenges in hydroponics and 
vertical farming for vegetable cultiva-
tion. It highlights how these systems are 
suitable especially in urban and peri-ur-
ban areas.
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•	 Energy demand: For sys-
tems that rely heavily on 
artificial lighting and cli-
mate control, energy use 
is a major expense and 
environmental concern. 
If power comes from 
non-renewable sources, 
the carbon footprint may 
be high. 

•	 Technical expertise re-
quired: Operating a hy-
droponic/vertical farm 
needs knowledge of plant 
physiology, nutrient man-
agement, lighting, water 
quality, disease/pest con-
trol, sensor systems, etc. 
Skilled labour and reli-
able technical support are 
needed.

•	 Crop variety limitations: Not all 
crops are well-suited to vertical or 
hydroponic systems. Leafy greens, 
herbs, strawberries, and microgreens 
do well. Larger fruiting plants, grains, 
root crops are harder or more expen-
sive to produce in vertical systems.

•	 Sustainability of inputs and infra-
structure: Nutrient solutions, growth 
media, structural materials, light-
ing systems all have environmental 
footprints. Waste disposal (e.g. dead 
plant biomass, spent nutrients) must 
be managed. 

•	 Economic viability & consumer 
price: Because of higher costs (cap-
ital, energy, labour), products from 
vertical farming often cost more. For 
widespread adoption, cost must be 
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How to Overcome the 
Challenges
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•	 Use renewable energy: Solar pan-
els, geothermal, waste heat from 
nearby industries, or integrating 
with energy-efficient design to re-
duce lighting/heating loads. 

•	 Optimized lighting: More efficient 
LEDs, optimizing light spectra, and 
using natural light when possible 
(e.g. greenhouses, rooftop farms 
with transparent or semi-transpar-
ent roofs). 

•	 Automation, smart monitoring, 
IoT: Sensors and control systems 
can optimize water, nutrients, light-
ing, reduce waste. Real-time moni-
toring helps detect disease, nutrient 
deficiencies early (Dutta et al., 2025). 

•	 Modular & container-based farms: 
These reduce infrastructure costs, 
allow scalability and flexibility. They 
can be placed adapted to existing 
urban spaces (Dutta et al., 2025). 

•	 Reuse and recycling: Nutrient 
solution reuse & recovery, recycling 
growth media, waste composting, 
circular systems to reduce input 
costs and environmental impact.

•	 Urban planning should 
allocate space (rooftops, 
abandoned buildings, 
warehouses) for vertical/
hydroponic farms. 

•	 Incentives (subsidies, tax 
breaks) for startups and 
farmers who adopt soilless 
and vertical farming, espe-
cially when using renew-
able energy or producing 
for underserved communi-
ties. 

•	 Building codes and reg-
ulations need to support 
safe food production in-
doors (lighting, water qual-
ity, structural safety), and 
allow adaptation of old 
buildings. 

•	 Research funding to devel-
op lower-cost, energy-effi-
cient technology, especial

•	 Hybrid models: Rooftop 
farming, indoor-outdoor 
hybrids, integrating aqua-
ponics, using vertical farm-
ing as supplement rather 
than full replacement.

value perceived (freshness, local pro-
duction, pesticide-free).

For vertical farming and hy-
droponics to make a real con-
tribution to urban food securi-
ty, supportive policy measures 
and planning are needed.

To make vertical farming and hydro-
ponics more feasible in cities, there are 
ways to reduce costs and increase sus-
tainability.

Implications for Policy 
and Planning
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•	 -lly for developing countries or 
low-income urban areas. 

•	 Education and training pro-
grams to build technical skills in 
this area.

•	 Scaling up: Larger farms inte-
grated into buildings, or entire 
building farms, perhaps even 
skyscrapers dedicated partially 
to agriculture. 

•	 More crop diversity: As tech-
nology improves, fruiting crops, 
medicinal plants, herbs, maybe 
even grains in some contexts. 

•	 Better integration with urban 
systems: Using waste heat, grey 
water, renewable energy; inte-
grating with supply chains for lo-
cal markets. 

•	 Lowered costs: As LED efficiency 
improves, automation and econ-
omies of scale cut costs, making 
produce more affordable. 

•	 Smart and AI-driven farming: 
Improved sensors, automation, 
data analysis to optimize all pa-
rameters, reduce waste, enhance 
yield and quality.

Looking ahead, the trends suggest 
that vertical farming and hydropon-
ics will become more widespread. 
Some anticipated developments:

Vertical farming and hydroponics 
hold strong promise for securing 
the food supply of rapidly growing 
cities. They offer solutions to many 
of the challenges facing tradition-
al agriculture: land scarcity, water 
shortage, climate instability, lengthy 
supply chains, and food waste. But 
they are not a magic bullet. High 
costs, energy demand, technical 
barriers and limited crop types still 
pose real challenges. To fully realize 
their potential, we will need con-
certed effort: innovation in technol-
ogy, supportive policy frameworks, 
investment in infrastructure, and 
public acceptance. As cities grow, 
integrating vertical farming and 
hydroponic agriculture into urban 
planning could be a key strategy to 
ensure that all residents have ac-
cess to fresh, nutritious food—sus-
tainably and reliably.

Conclusion
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