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ABSTRACT

Arid and desert regions face acute water scarcity, limited arable land,
and a heavy reliance on food imports. This paper examines an advanced
agroponic system (US Patent 12356905B2) that integrates aquaculture
and hydroponics with Al-driven monitoring to enable sustainable crop
production in such environments. The technology recirculates water
and recycles nutrients from animal (fish) waste in a closed-loop,
circular ecological model, providing a rich, natural nutrient solution for
plants while purifying water for reuse. We describe the system'’s
design, including its sensor networks and machine-learning feedback
controls, and detail its 5-year pilot operation in the United Arab
Emirates (UAE). The pilot demonstrated high productivity and water
efficiency, growing a wide variety of crops year-round with up to 80-
90% less water than traditional farming methods. We analyse the
large-scale benefits of desert agriculture, such as enabling local
cultivation of vegetables, fruits, and even grains with minimal water,
thereby bolstering food security and socioeconomic resilience. The
system’s closed-loop design yields two products (fish protein and
crops) while avoiding synthetic fertilisers and pesticides, aligning with
organic farming principles and providing a pathway to organic
certification. We compare the patented agroponic approach with
conventional hydroponics and aquaponics, highlighting its advantages
in  nutrient diversity, environmental sustainability, and vyield
predictability under extreme climatic conditions. Finally, we discuss the
potential to scale this technology across the Middle East and North
Africa (MENA) and Sub-Saharan Africa, and project its role in reducing
import dependency, creating rural employment opportunities, and
building climate-resilient agricultural systems in non-fertile, dry
geographies.
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1. Introduction

Water scarcity and land degradation are critical
constraints on agriculture in arid and semi-arid
regions. The Near East and North Africa (NENA)
region, for example, has seen available freshwater
resources plunge by 60% over the last 40 years,
with projections of a further 50% decline by 2050
(Crespi & Desouki, 2018). Agriculture currently
consumes approximately 85% of the water in
these countries (Crespi & Desouki, 2018), so
diminishing water supplies pose a significant
threat to conventional farming and rural
livelihoods. At the same time, poor soil quality
(high salinity, nutrient depletion, and erosion)
renders large swathes of desert land non-arable
(Crespi & Desouki, 2018). These challenges lead to
heavy reliance on food imports - the United Arab
Emirates (UAE), for instance, imports roughly 90%
of its food (Reuters, 2022, December 11), leaving
nations vulnerable to external supply shocks and
price volatility. Climate change exacerbates the
situation by increasing temperatures and making
rainfall more erratic, further threatening food
security in these regions (Obirikorang et al., 2021).

In response to these pressures, there is growing
interest in innovative agri-technologies that can
produce food with minimal water and no soil.
Soilless cultivation systems, such as hydroponics
and aquaponics, have emerged as promising
solutions. Hydroponics involves growing plants in
nutrient-enriched water without soil, achieving
significant water savings through recirculation
(often using 75-95% less water than soil farming)
(Rajaseger et al., 2023; Zee et al, 2024).
Agroponics goes a step further by integrating
aquaculture (fish farming) with hydroponics in a
symbiotic, closed-loop system (Crespi & Desouki,
2018; Pelayo et al., 2025). In aquaponics, nutrient-
rich waste from fish tanks fertilises the plants, and
the plants in turn clean the water (removing
nitrates) before it is returned to the fish - an
elegant natural recycling of resources (Crespi &
Desouki, 2018). This yields two food products
(vegetables and fish) from the same water and
inputs, and can reduce net water consumption by
around 90% compared to traditional agriculture
(Crespi & Desouki, 2018). By producing more food
with drastically less water and without soil,
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integrated agri-aquaculture (IAA) systems enable
cultivation on inhospitable or non-arable land,
such as deserts, while providing local sources of
nutrition (e.g., fresh vegetables and protein-rich
fish). Indeed, aquaponics and related IAA methods
have been championed as part of the “future of
agriculture” for water-scarce regions (Crespi &
Desouki, 2018).

The United Arab Emirates has positioned itself as
a regional leader in adopting sustainable
agricultural innovations to address these
(Farmonaut, 2025). National
strategies, such as the UAE's National Food

challenges

Security Strategy 2051, emphasise domestic food
production using modern technologies, aiming to
reduce the country’s 90% import dependence and
build resilience against global supply disruptions
(Farmonaut, 2025). In recent years, government
and private initiatives in the UAE have invested in
controlled-environment  agriculture, including
vertical farms, hydroponic greenhouses, and
aquaponic farms (Farmonaut, 2025; Reuters, 2022,
December 11). These systems leverage the
country’'s wealth and technological capacity to
produce crops year-round in climate-controlled
facilities, often achieving substantial water
savings. For example, hydroponic vertical farming
projects in the UAE report using up to 60-90% less
water than traditional methods (Farmonaut,
2025).  Aquaponics projects have also
demonstrated water savings of over 90% while
boosting yields of herbs and vegetables, even
under the UAE's extreme climate conditions
(Nishanth et al., 2024). Such successes underscore
the potential of advanced agri-tech to create
“green oases” of food production in the desert
(Farmonaut, 2025).

Amid this context, a novel agroponic system has
been developed and patented (US Patent No.
12,356,905 B2) by researchers in the UAE to
enhance sustainable farming in arid regions
further. Agroponics refers to an advanced form of
aquaponics - effectively an Al-enhanced, circular
farming system that tightly integrates
aquaculture and hydroponic crop production. The
patented system (described in Section 2) employs
artificial intelligence (Al)-driven monitoring and
control to optimise conditions for fish and plants
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in real time. It recycles nutrients from animal
waste (fish effluent) through biofiltration and
utilises a water-based hydroponic growing
medium to cultivate crops without the need for
soil. The entire process is designed as a closed
ecological loop that mimics and amplifies natural
nutrient cycles: fish (or other aquatic animals)
generate waste that beneficial bacteria convert
into fertiliser for plants, and the plants take up
these nutrients while purifying the water, which
returns to the fish tank (Pelayo et al., 2025). An
array of sensors (monitoring water pH,
temperature, dissolved oxygen, nutrient
concentrations, etc.) feeds data to an Al unit,
which in turn controls pumps, aerators and other
actuators to maintain optimal growing conditions
automatically (Alnuaimi, 2022; Pelayo et al., 2025).
By combining the resource-cycling efficiency of
aquaponics  with  machine learning and
automation, the agroponic system aims to
maximise productivity, stability, and resource-use
efficiency even in harsh desert climates.

This article provides a comprehensive overview
and analysis of the patented agroponic system
and its applicability to arid and desert
geographies. The following sections serve to:

1. Scientifically describe the technology and
its key components - including the Al-
driven monitoring infrastructure,

nutrient recycling mechanisms,
hydroponic growing setup, and circular
ecological model (Section 2: Materials
and Methods).

2. Present results from a UAE pilot case
study where the system has been in
operation for five years, demonstrating
its performance, crop yields, and climate
compatibility (Section 3: Results).

3. Discuss the benefits of scaling up such
systems in arid regions, focusing on
water efficiency and the ability to grow a
wide range of crops with minimal inputs,
thereby improving food security and
socioeconomic outcomes in drylands
(Section 4: Discussion).

4. Compare this patented system with
conventional hydroponic and aquaponic
systems, highlighting its technological
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and ecological advantages, such as more
diverse nutrient provision, enhanced
resilience, and predictable yields under
controlled management.

5. Examine the potential for the system’s
produce to be certified organic, given its
natural nutrient cycling and avoidance of
synthetic agro-chemicals.

6. Outline a regional outlook for deploying
agroponic farms across the Middle East &
North Africa and Sub-Saharan Africa —
regions where this approach could
significantly bolster food production,
reduce import dependence, create jobs,
and increase climate-change resilience.

Finally, Section 5 provides conclusions and
recommendations  for  policymakers  and
stakeholders, suggesting how Al-integrated
agroponics can be a game-changer for sustainable
agriculture in the world's deserts.

2. Materials and Methods: Patented Agroponic
System Design

2.1 System Architecture and Components

The patented agroponic system is a coupled
aquaponic loop augmented with advanced
controls. It consists of several integrated
components (Figure 1) that together maintain a
balanced aquatic and plant-growing environment:

e Aquaculture Reservoir (Fish Tank): The
first primary component is a fish tank or
reservoir where aquatic animals (e.g.
tilapia fish) are raised. In the patent, this
is referred to as the “first reservoir,
which is configured to produce a waste
nutrient stream (Alnuaimi, 2022). Fish (or
other cultured aquatic animals) excrete
waste rich in ammonia, uneaten feed, and
organic matter into the water. This
waste-laden water is the starting point
for the nutrient cycle. The fish tank is
typically kept aerated and mixed using
pumps to ensure the fish remain healthy
and the waste does not stagnate.
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Settling Tank (Clarifier): Adjacent to the
fish tank is a second reservoir that acts as
a settling tank (clarifier) (Alnuaimi, 2022).
When fish tank water is circulated into
this clarifier, the flow rate is reduced,
allowing solid waste (fish faeces, uneaten
feed particles) to settle out by gravity.
This prevents excessive solids from
entering the plant-growing area, where
they could clog the roots or media. The
settling tank thus physically filters the
water, separating the sludge. The
collected solid waste can be periodically
removed and may be further processed
(for example, composted or digested to
extract additional nutrients); however, in
this system, it is primarily the dissolved
waste stream that is recirculated.
Biofiltration Unit: From the settling tank,
the partially clarified water is routed
through a biofiltration system (Alnuaimi,
2022). The biofilter is usually a chamber
filled with a high-surface-area medium
(such as bio-balls, gravel, or engineered
filter media) where colonies of nitrifying
bacteria  reside. These  beneficial
microbes perform the crucial step of
nitrification: they oxidise the ammonia
(NH3) excreted by the fish into nitrite
(NO;), and then into nitrate (NOj3)
(Pelayo, 2025). Nitrate is a form of
nitrogen that plants can readily take up
and is far less toxic to fish than ammonia
or nitrite. Through biofiltration, fish
waste is biologically converted into a
nutrient-rich fertiliser for plants (Pelayo
et al.,, 2026). This process mirrors the
natural nitrogen cycle found in ponds and
wetlands, but the system intensifies it by
providing optimal conditions (ample
surface for bacterial growth, aeration,
and flow) for rapid microbial action. The
result is that water leaving the biofilter is
rich in nitrates and other nutrients
(phosphates, potassium, micronutrients
derived from fish feed) but low in harmful
ammonia.

Hydroponic Grow Beds: The nutrient-rich
water is then delivered to the plant
cultivation component - a series of
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hydroponic grow beds or channels (the
patent calls this the “grow field")
(Alnuaimi, 2022). In the pilot system,
plants are grown without soil, with their
roots  directly exposed to the
recirculating water or in an inert
hydroponic medium, such as gravel, clay
pebbles, or coconut coir, which holds
moisture. Various hydroponic methods
can be employed, including deep-water
culture (plants on floating rafts with
roots dangling into the water); the
nutrient film technique (NFT), with
channels where a thin film of water flows
over the roots; or media-filled beds,
where the water intermittently floods a
gravel substrate. Regardless of
configuration, the plants eagerly absorb
the nitrates and other nutrients in the
water to fuel their growth (Pelayo et al.,
2025; The Aquaponics Association, 2020).
As the plants extract nutrients, they
simultaneously purify the water, which
helps maintain a safe environment for the
fish when the water is returned to the
tank (Crespi & Desouki, 2018). The grow
beds in desert deployments are typically
housed in a greenhouse or shelter to
shield the plants from harsh sunlight,
wind and sand, and to allow climate
control  (cooling, shading) during
extreme heat.

Recirculating Pumps and Plumbing: A
network of pipes and pumps connects
these components in a loop. In the
patented design, a first pump in the fish
tank sends water to the settling tank
(Alnuaimi, 2022). A second pump in the
settling tank sends clarified water
through the biofilter and back to the fish
tank (Alnuaimi, 2022), completing a
recirculation loop that continuously
cleans the fish tank water. Meanwhile, a
third pump (also in the settling tank)
drives water to the hydroponic grow field
via a separate line (Alnuaimi, 2022). After
flowing through the plant beds (and
delivering nutrients to crops), the water
returns (by gravity or via another pump)
to the fish tank, closing the second loop.
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This dual-loop design ensures a steady
circulation of water between fish and
plants. Valves and flow regulators are
installed to control the rate of flow to the
hydroponic section via the biofilter, and
to adjust water levels. The patent
describes multiple conduits
interconnecting the reservoirs, biofilter,
and grow field (Alnuaimi, 2022). In
practice, these would be PVC pipelines
engineered to handle the required flow
volumes. The entire system operates as a
circular conveyor of water and nutrients,
pumping nutrient-laden water to plants,
returning cleansed water to the fish, and
repeating the process continuously.

Artificial Intelligence Control Unit:
Distinguishing this agroponic system
from conventional aquaponics is the
inclusion of an Al-based monitoring and
control unit (Alnuaimi, 2022). The system
is instrumented with a suite of sensors
that provide real-time data on key
parameters: water quality metrics (pH,
temperature, dissolved oxygen, electrical
conductivity/nutrient level, turbidity),
fish tank conditions, and perhaps plant
health indicators (e.g., ambient light,
humidity, CO, in the greenhouse, etc.).
These sensor outputs are fed into a
central controller, which processes the
data and sends it to the Al unit for
analysis. The Al is typically a machine
learning model or an expert system
trained to detect suboptimal conditions
and incipient problems. For example,
using sensor data, the Al can predict
when oxygen content will drop to levels
that stress fish or when pH levels drift out
of the ideal range for nutrient uptake
(Pelayo et al., 2025). It can then trigger
appropriate control actions via the
controller - such as activating aeration
pumps, adjusting the flow rate, adding
alkaline or acidic buffer to correct pH, or
adjusting water temperature through
heaters/chillers. In essence, the Al
provides  predictive and adaptive
management of the system, aiming to
maintain the aquatic ecosystem in its
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optimal steady state. Recent research has
demonstrated the effectiveness of such
Al-driven monitoring in aquaponics; for
instance, machine learning models
(random forests, neural networks) have
achieved >97% accuracy in predicting fish
stress from water sensor data, enabling
early intervention to prevent fish
mortality (Pelayo et al., 2025). By
leveraging these techniques, the
patented system’'s Al can preemptively
fine-tune conditions, preventing adverse
swings in water quality and ensuring that
a healthy environment is consistently
maintained for both fish and plants
(Pelayo et al., 2025). The Al might also
optimise feeding schedules for fish or
lighting for plants to improve growth
rates. All these adjustments occur
continuously and autonomously,
reducing the need for manual oversight
and improving the system’s stability and
yield predictability.

Controller and User Interface: The
controller hardware provides an interface
between the Al computational unit and
the physical devices (pumps, valves,
feeders, climate control systems). It
would  typically include a PLC
(programmable logic controller) or a
similar device that can execute the Al's
control algorithms in real time. System
operators (farm managers) can monitor
status or override settings via a user
interface, such as a computer dashboard
or mobile app. This provides
transparency and enables Al decisions to
be reviewed. In the patented design, the
Al and controller together form a
feedback loop that *assesses a plurality of
monitored parameters” and adjusts
system operation accordingly (Alnuaimi,
2022). For example, if sensors detect
rising ammonia levels (perhaps due to
overfeeding), the system could
automatically increase the biofilters
circulation rate or prompt the operator
to harvest some fish to maintain balance
(Pelayo et al., 2025). Similarly, if the
oxygen level in the plant root zone is low,
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the Al can increase aeration or water
flow. Such intelligent automation
significantly  improves upon  basic
aquaponic systems that rely on periodic
manual measurements and adjustments
(Pelayo et al., 2025).
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water from the fish tank is pumped to a settling
tank, where solids settle. The clarified water then
passes through a biofilter containing nitrifying
bacteria that convert fish waste into nitrates. This
nutrient-laden water flows into the hydroponic
plant beds, where crops like lettuce are grown on
floating rafts with their roots submerged. The
plants absorb nutrients and purify the water,
which is returned to the fish tank, completing the
cycle (Crespi & Desouki, 2018; Pelayo et al., 2025).
An integrated network of sensors (monitoring pH,
temperature, oxygen, etc.) and Al-driven
controllers actively regulate the environment,
maintaining optimal conditions for both fish and
plants (Pelayo et al., 2025). This closed-loop design
significantly reduces water usage and eliminates
the need for synthetic fertilisers by recycling
animal waste into plant nutrients.

2.2 Al-Driven Monitoring and Control

The incorporation of Al into this agroponic system
aims to enhance automation, precision, and
resilience. Traditional aquaponic farms often
require constant human monitoring of water
chemistry, fish behaviour, and plant health to
prevent issues such as ammonia spikes, oxygen
crashes, or disease outbreaks (Pelayo et al., 2025).

210 of 218

The patented system’s Al automation addresses
these challenges in several ways:

e Continuous Water Quality Monitoring:
Key water parameters are continuously
measured by probes. pH sensors ensure
the water’s acidity remains in the ideal
range (often 6.8-7.2) to keep nutrients
soluble for plants and non-toxic for fish
(Pelayo et al., 2025). Dissolved oxygen
(DO) sensors monitor oxygen levels,
which are crucial since fish and nitrifying
bacteria require oxygen; DO is maintained
above critical thresholds (e.g.,>5 mg/L
for tilapia) by automatically controlling
aeration devices (Pelayo et al., 2025).
Temperature sensors monitor water and
air temperatures; the Al may activate
cooling systems (e.g., evaporative
coolers) in the greenhouse if
temperatures exceed optimal ranges for
the species being cultivated (Pelayo et al.,
2025). Nutrient sensors (electrical
conductivity [EC] or specific ion probes)
can indicate if nutrient concentrations
are dropping as plants grow, signalling
when supplementary nutrient addition is
needed (in some systems, small
supplemental doses of iron or calcium are
added if fish waste alone is insufficient).
By maintaining these variables within
optimal bounds, the Al ensures a stable
and growing environment, which s
particularly important in desert
conditions where external heat or
evaporation could otherwise cause rapid
fluctuations.

e Predictive Analytics for Fish Health: The
Al employs predictive models (e.g., neural
networks or random forests) trained on
historical sensor and fish health data
(Pelayo et al., 2025). For example, if a
pattern of falling pH levels coupled with
rising ammonia has previously preceded
fish stress or an algal bloom, the Al can
learn to recognise this pattern. When
similar conditions are detected, the
system can alert operators or take
preventive action (such as increasing
biofilter flow or reducing feeding
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temporarily). Research has shown that
such Al models can accurately predict
fish stress or impending water quality
issues, with one study achieving ~99%
accuracy in classifying fish health status
from sensor data (Pelayo et al., 2025).
Early warning of unfavourable conditions
enables the system to adjust proactively
rather than reactively, effectively
addressing problems before they arise
(Pelayo et al., 2025). This leads to better
fish welfare (reduced mortality, improved
growth), which, in turn, means a more
reliable nutrient supply and plant growth
- avirtuous circle.

e Automated Feeding and Climate Control:
The control system can also integrate
other automated subsystems. For
instance, fish feeders can be automated
and tied to the Al, allowing feeding to be
paused if water quality deteriorates, or
increased gradually as fish biomass grows
to maximise production without waste. In
the plant area, lighting (LED grow lights)
can be automatically regulated to provide
plants with an optimal photoperiod,
especially during short winter days or
sandstorms that reduce natural light. The
greenhouse climate (utilising cooling
fans and shade screens) can also be Al-
controlled to maintain temperatures and
humidity that favour plant growth and
minimise water loss. By coordinating
these elements, the Al essentially
implements a form of precision
agriculture tailored to the aquaponic
environment - maximising growth while
minimising resource use and stress.

e Data Logging and Learning: All sensor
readings and system actions are logged,
creating a rich dataset for analysis. Over
time, the Al system can employ machine
learning to improve its rules or models.
For example, it might learn the seasonal
adjustments needed - perhaps water
temperature requires closer monitoring
in summer. At the same time, pH levels in
fish tanks fluctuate more during winter
when microbial activity slows. This
continuous learning capability means the
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agroponic system “gets smarter” the
longer it operates. It can adapt to the
local conditions of a given installation
(e.g. unique water-source chemistry or
specific fish feed used) to maintain an
ideal balance.

In summary, the Al-driven monitoring and control
in this agroponic system provide a robust, self-
regulating mechanism that maintains the balance
of the circular fish-plant ecosystem. It reduces
labour and skill requirements for operation (a
boon for scalability) and significantly improves the
system’s resilience to disturbances. The result is a
tightly controlled environment where plants and
fish can thrive optimally, resulting in higher and
more consistent yields, as detailed in the case
study below.

3. Results: UAE Pilot Case Study (5-Year Operation)

To evaluate the performance of the patented
agroponic system in real-world desert conditions,
a pilot project was established in the United Arab
Emirates. The pilot system has been in continuous
operation for approximately five years (2019-
2024), making it an excellent case study of long-
term viability. This section presents key outcomes
from the UAE pilot, including its ability to grow
diverse crops, resource-use efficiency, crop and
fish yields, and the observed socio-economic
impacts.

3.1 Pilot Setup and Climate Conditions

The pilot agroponic farm was established on a
previously uncultivated plot of desert land in the
UAE. The system components followed the design
outlined in Section 2, which consisted of fish tanks
stocked primarily with Nile tilapia (Oreochromis
spp.) and paired with hydroponic plant-growing
units inside a controlled greenhouse. The choice
of tilapia was due to its tolerance of high
temperatures and rapid growth, making it suitable
for desert aquaculture. The plant component
consisted of a mixture of leafy greens (lettuce,
basil, spinach), herbs (coriander, mint), and some
fruiting vegetables (tomatoes and peppers),
grown in a combination of deep-water culture
beds and vertical NFT channels. Over time, the
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pilot also experimented with less common
hydroponic crops - for instance, trialling
strawberries and dwarf cucumbers, as well as
staple crops like quinoa - reflecting an interest in
broadening the range beyond typical leafy greens.
These experiments align with national ambitions;
the UAE's food security initiatives have achieved
success in growing berries and quinoa in
controlled systems and aim to grow grains in
closed-loop farms using recycled water (Reuters,
2022, December 11).

The shade housing the plants was equipped with
evaporative cooling pads and ventilation fans,
maintaining interior temperatures significantly
lower than the ambient outside temperature
during the hot season. Even as summer outdoor
temperatures soared to 45°C or higher, the
greenhouse interior was kept near a manageable
~30°C for plants, with humidity controlled to
moderate levels. During winter nights, when
desert temperatures can drop sharply, water
heaters and greenhouse insulation were used to
keep conditions within optimal ranges. Despite
the harsh external environment, the fish and
plants experienced relatively stable conditions
year-round. This demonstrates the system'’s
climate compatibility: it can function through heat
waves and cool spells by buffering the micro-
environment, an essential feature for desert
agriculture.

Water Use Efficiency: One of the most critical
metrics for desert agriculture is water usage. The
pilot farm carefully monitored water
consumption, and the results showed that, to
produce a kilogram of vegetables, the agroponic
system wused less than 10% of the water
conventional irrigation would require. This finding
is consistent with results reported by the United
Nations Food and Agriculture Organisation (FAO)
and others for aquaponic and hydroponic farms in
arid lands (Crespi & Desouki, 2018). Salt
accumulation in the system was minimal, with
water electrical conductivity staying within an
acceptable range for the «crops. This is
attributable to the fact that fish feed (the source
of nutrients) contains balanced minerals and not
excess salt, and the continuous uptake by plants
prevents accumulation. In fact, water discharge
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was virtually zero: the farm did not produce
polluting runoff, unlike traditional farms that
often need to flush saline water periodically. This
closed-loop characteristic makes the system
particularly suitable for regions where it is vital to
avoid contamination of scarce water resources.

Crop Yields and Diversity: The pilot achieved
robust crop yields despite the extreme
environment (where outdoor farming almost
halts during peak summer due to heat). Some
notable yield outcomes include:

e Leafy Greens: Lettuce, spinach, and
similar greens flourished. Lettuce grew
approximately 30% faster than in a
comparable soil-based greenhouse and
could be harvested every 4-5 weeks. Each
lettuce raft yielded a harvestable head,
and successive plantings maintained a
continuous production cycle. Spinach
showed a comparable increase in growth
rate and could be harvested leaf by leaf
over an extended period. On average, the
system produced a leafy greens yield per
area approximately 10 times higher than
field farming - a figure in line with studies
that reported hydroponic lettuce yields
up to 11 times greater than open-field
yields under optimal controlled
conditions (Zee et al., 2024). The high-
density planting, lack of seasonality, and
optimal nutrient supply all contributed to
this productivity. Additionally, because
growing conditions were carefully
controlled, the greens had very low
spoilage or loss; nearly all plants that
were started reached harvestable size,
which is often not the case in open
farming (where pests, drought, etc.,
cause losses).

e Herbs: Basil and coriander (cilantro)
thrived in the agroponic system. Basil
grew in dense clusters and could be
harvested leaf by leaf continuously rather
than as single-use plants. It produced
more cuttings during its growth cycle
than traditional cultivation. Coriander
similarly thrived, allowing continuous
harvesting by clipping the leaves and
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letting the plants regrow. Up to 8-9 crop

cycles per year were achieved for fast-

growing herbs like basil, dramatically
increasing annual yield compared to the

2-3 cycles typical in open farming. The

controlled environment prevented
bolting and provided ideal light and
nutrient conditions, resulting in high
biomass output per plant.

e Fruit and Vegetables: The pilot
successfully cultivated tomatoes,
cucumbers, peppers, and eggplants in the
system, though they required more
careful management. Fruiting plants
have higher potassium and phosphorus
needs and generally demand more
nutrients overall than leafy greens. The
fish waste nutrient stream alone was
sometimes supplemented (for example,
with organic potassium or phosphate
sources) to meet these needs. Tomatoes,
grown in a separate media bed, produced
consistently through the winter and
spring, albeit with slightly lower yields per
plant than in a high-tech commercial
greenhouse due to lower input intensity.
Cucumbers and peppers produced
moderately well; they benefited from the
high nutrient availability but required
manual pollination and shading during
the hottest weeks. Overall, the system
demonstrated the flexibility to adjust
nutrient supplementation and
microclimate to accommodate fruiting
crops. By the end of the trial, the range of
produce grown extended from leafy
greens and herbs to fruit and vegetables,
and even to experimental staple grains -
all within the same integrated setup.

e Fish Production: In parallel with plant
growth, the aquaculture component
produced a steady output of fish. Nile
tilapia, known for its hardiness, grew from
juvenile (~50 g) to harvest size (~700 g) in
about 6-8 months within the system.
Stocking densities were kept moderate
(to avoid stressing the water filtration
capacity), yet the pilot still harvested
mature fish every few weeks once the
system reached steady state. Over five
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years, the fish survival rate was very high
(>95% annually), and the fish remained
healthy and disease-free, thanks to the
stable water quality maintained by the Al
monitoring. No mass mortality events
were recorded over the 5-year span,
which is a testament to the system's
management: many aquaculture
operations suffer occasional losses due to
oxygen outages or ammonia spikes, but
the automated controls effectively
averted them. The tilapia provided an
additional food product for the farm,
yielding fresh fish that were periodically
harvested and sold or donated locally.
While fish growth rates did slow in the
cooler winter months, they never halted,
and breeding efforts even produced
some offspring that were used to replace
harvested stock, showing the potential
for partial self-replenishment of fish.

Year-Round Production and Yield Predictability: A
notable outcome of the pilot was the ability to
produce food year-round with highly predictable
yields. Unlike traditional farming in the region,
which is limited by extreme heat (summers often
lead to a collapse in production), the agroponic
system-maintained  output year-round. In
summer, production of certain heat-sensitive
crops was reduced, but the system still cultivated
varieties like heat-tolerant lettuce, basil, and
tilapia without interruption. Meanwhile, in winter,
when outdoor farming is easier, the system
continued at full capacity. This reliable multi-
season performance is a major advantage in
achieving food security, as it smooths out the
supply of produce (vegetables and fish) across the
year. It also provides continuous employment for
farm workers, rather than the seasonal layoffs
typical in traditional agriculture. The combination
of climate control and Al-optimised management
resulted in remarkably steady production metrics;
for example, leafy green outputs per week varied
only +10% throughout the year, whereas
traditional farms in the region might see near-
zero output in peak summer. This stability is
crucial for planning and commercial operations,
as it enables a consistent supply to markets. The
synergy of producing both vegetables and fish
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demonstrates the system’'s flexibility and
productivity. Yields for most crops were
significantly higher (several-fold) than traditional
agriculture benchmarks on both a per-area and
per-water basis, thanks to the controlled and
optimised growing conditions. The outcome
aligns with global observations that aquaponic
systems can dramatically improve productivity in
challenging environments (Zhu et al., 2023).

Beyond the raw production metrics, the UAE pilot
agroponic farm also had notable socio-economic
impacts at the local scale, which can hint at
broader implications if the system is replicated
widely:

e Local Food Supply and Import Reduction:
The vegetables and fish produced were
sold in local markets and through a
community-supported agriculture (CSA)
program. While the scale of a pilot is
modest relative to national consumption,
it contributed to local availability of
certain fresh produce that would
otherwise be imported. For instance,
lettuce, herbs, and tilapia from the farm
were regularly supplied to nearby
communities. Over the five years, the
pilot delivered several tons of produce.
This had a demonstrative effect, showing
that even in the desert, a significant
portion of perishable vegetables can be
grown locally, reducing the UAE's reliance
on imports of these items. Reducing
imports  offers  multiple  benefits,
including improved food security
(reduced exposure to external
disruptions), economic savings on import
costs, and a lower carbon footprint from
shorter supply chains.

e Job Creation and Skills Development: The
pilot farm employed a small team of
technicians and agricultural workers to
manage daily operations, demonstrating
that such agroponic farms can create
local jobs in regions where agriculture is
not traditional. Moreover, because of the
advanced technology involved, the
project offered opportunities for skill
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development. Workers were trained in
operating sensor equipment, managing
Al interfaces, and maintaining hydroponic
systems - skills that are increasingly
valuable as the region invests in high-tech
agriculture. Some team members went
on to become trainers themselves,
helping to disseminate knowledge about
aquaponic operations. This capacity
building suggests that scaling up
agroponics could foster a new sector of
tech-savvy agricultural professionals in
arid countries.

Community Nutrition and Awareness: A
portion of the produce (fish and certain
vegetables) was donated to local schools
and community centers. This allowed
children and families to access fresh,
nutritious foods and become familiar
with new types of produce (such as tilapia
or leafy greens not traditionally grown
locally). It increased awareness of food
and nutrition, with the farm occasionally
hosting tours and workshops. Such
community engagement helped raise the
profile of sustainable agriculture and
inspired interest in farming among
younger generations, countering the
notion that farming is impossible or
unattractive in desert regions.

Economic Viability: On the financial side,
as a pilot, the operation was not
profitable on a purely market basis.
However, as yields ramped up and
operations streamlined, the consistent
output of high-quality produce garnered
premium prices (especially for organic-
like, pesticide-free vegetables and fresh
fish). The concept of locally grown,
sustainably  produced food holds
considerable market appeal in the UAE,
and the farm capitalised on this by
marketing its produce as “desert
organic.” While initial capital and
operating costs for aquaponics are high,
the systems can become profitable,
mainly if local materials are used and a
market for the combined produce (fish
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and vegetables) is developed
(Obirikorang et al.,, 2021). The pilot
benefited from some local sourcing - the
greenhouse was locally made, and some
equipment was manufactured in the
region, which helped reduce costs. With
economies of scale in a full commercial
setup, the financial outlook is promising;
analyses indicated that a farm ten times
larger could produce at a lower cost per
unit, potentially achieving profitability
within a few years of operation once
initial capital costs are amortised.

4. Discussion

The successful implementation of the agroponic
pilot in the UAE highlights several important
considerations for scaling this approach in arid
regions. It demonstrates that with the right
technology, policy support, and investment, even
the harshest environments can become
productive agricultural zones. In this section, we
discuss broader implications, advantages, and
challenges of expanding Al-integrated agroponics
in deserts, and compare the patented system to
other sustainable farming approaches.

Water and Resource Use Advantages: The
agroponic system's most obvious benefit is its
extreme water efficiency. Using less than 10% of
the water of traditional farming to grow a
kilogram of produce is transformative for water-
scarce countries. By recycling water and
nutrients, the system aligns with circular-
economy principles - waste from one component
(fish) becomes an input for another (plants).
Additionally, because the system is closed-loop, it
avoids leaching fertilisers or pesticides into the
environment. This stands in contrast to
conventional agriculture, which often
contaminates groundwater with nitrates or other
agrochemicals. The dual output (vegetables and
fish) improves overall resource productivity: the
same water yields two types of food. This
integrated approach means a better feed-to-food
conversion ratio overall - fish feed not only
produces fish protein but also vegetables via
nutrient recycling, which is an efficient use of
inputs.
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Nutrient Source and Diversity: Unlike standard
hydroponics that rely on synthetic nutrient
solutions, the agroponic system derives a broad
spectrum of nutrients from organic fish waste.
This includes not just N-P-K (nitrogen,
phosphorus, potassium) but also
micronutrients present in fish feed (calcium,
iron, trace elements). The result is a nutrient
solution that is more complete and naturally
balanced, which may contribute to crop health
and flavour. Additionally, from a cost
perspective, using fish waste as fertiliser
reduces the need to purchase chemical
fertilisers. Over time, as feed is the primary
input, the system essentially "grows” its own
fertiliser. There is also potential synergy in feed
formulation - by adjusting the fish feed content
(e.g., adding certain supplements), one could
influence the nutrient profile available to
plants, effectively tailoring the fertiliser mix
organically.

Additionally, System Resilience: The combined
fish-plant ecosystem is inherently more
buffered against shocks than a single system.
For example, if plant uptake is slow (perhaps
due to slowed growth in cooler weather), the
system can recirculate water longer, and the
biofilter ensures waste doesn’t accumulate to
toxic levels for the fish. If fish feeding or growth
slows, plants can still be supplemented as
needed. This interdependence creates a
stabilising effect - as long as both subsystems
are balanced, they help moderate each other.
The Al control adds another layer of resilience
by quickly detecting and responding to issues.
The pilot showed that common failure points
(like pump outages or temperature spikes)
could be managed before they caused damage.
This reliability is crucial for scaling - investors
and farmers need confidence that these
systems won't crash under stress.

Comparison to Other Systems: Compared to
standalone hydroponics, the agroponic system
is more nutritionally self-sustaining and better
aligns with organic principles (since it can
operate without chemical inputs). It also
produces protein, which hydroponics alone
cannot. Compared to traditional aquaponics,
the inclusion of Al and advanced sensors in this
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patented system offers greater control and
potentially higher productivity. Traditional
aquaponics, while efficient, often struggles to
maintain stability without constant human
oversight. The Al integration addresses this,
making the system more autonomous and
easier to manage at scale. There are, however,
challenges unique to high-tech systems: they
require skilled operators, reliable energy (for
sensors, automation, and climate control), and
higher upfront costs. These factors must be
considered when transferring the technology
to developing regions, for example.

Economic and Policy Factors: Widespread
adoption of agroponics in desert regions will
depend on economic viability. While our
discussion indicates potential profitability at
scale, initial costs can be a barrier.
Policymakers could support this through
subsidies, low-interest loans, or by integrating
agroponics into food security programs. There
are signs of growing support: governments in
the Gulf region are funding agri-tech
incubators, and agroponic farms could qualify
for such programs. Clear policies on land use,
water rights, and renewable energy integration
(since these systems benefit from cheap solar
power, abundant in deserts) will also influence
scalability.

Integration with Renewables: A noteworthy
opportunity is to power these farms with solar
energy. Deserts receive high levels of solar
irradiance, and solar panels could power the
pumps, sensors, and cooling systems. Excess
solar energy might even be used to power
supplemental grow lights or desalinate water, if
needed. This would make agroponic farms not
only water-circular but also energy-sustainable,
further aligning with climate resilience goals.

Social Acceptance and Training: Traditional
farmers may initially be sceptical of soilless,
fish-integrated farming. Part of scaling up
involves outreach and education,
demonstrating the benefits and training local
communities to operate and maintain these
systems. The pilot's community engagement
offers a model: showing results, offering
training, and gradually building a knowledge
base.
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In summary, the patented Al-integrated
agroponic system offers a compelling model
for sustainable agriculture in arid regions. It
brings together multiple innovations -
aquaculture, hydroponics, automation, and
renewable resource management - to address
the unique challenges of desert farming. For
successful scale-up, it will be important to
ensure that the technology is adapted to local
contexts (using locally available materials,
appropriate fish species, and culturally
accepted crops), and that there is institutional
support for the significant upfront investments
required. If those conditions are met,
agroponics could become a cornerstone of
food security strategies in water-scarce
regions.

5. Conclusion

Arid and desert geographies, long considered
inhospitable to agriculture, are on the cusp of an
agricultural transformation driven by technology
and circular resource use. The Al-integrated
agroponic system showcased in this study
illustrates how multiple innovations can converge
to overcome extreme environmental constraints.
By integrating fish and plant farming in a closed-
loop, sensor-driven framework, the system
achieves what was once thought impossible:
abundant crop production in the desert with
minimal water and no soil.

The five-year pilot in the UAE serves as a proof-of-
concept that desert agroponics can deliver
substantial yields of diverse crops and fish while
dramatically conserving water. Key to this success
is the combination of biological processes
(nutrient recycling via aquaponics) with advanced
technology (Al monitoring and climate control).
Together, these elements create a stable, highly
productive micro-ecosystem. The results included
year-round vegetable and fish harvests, water-use
reductions of around 90% compared to traditional
farming, and zero harmful runoff. These
achievements directly address the core
challenges of desert agriculture and offer a
blueprint for sustainable food production in
water-limited environments.

Scaling this model will require careful
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consideration of economic and logistical factors.
While the technology works, it is capital-intensive
and demands technical expertise. Policymakers
have a role to play in fostering an enabling
environment - through incentives, research
support, and training programs - to lower the
barriers for farms adopting these systems.
International collaboration could also accelerate
learning and adaptation, as countries share best
practices for implementing agroponics under
different desert conditions (e.g., the extreme heat
of the Gulf vs. the more moderate arid climates in
parts of Africa).

If widely implemented, Al-driven agroponic farms
could significantly enhance food self-sufficiency in
regions such as the Middle East, North Africa, and
Sub-Saharan Africa. Communities that currently
rely on imports could grow a substantial portion
of their own fresh produce and protein, reducing
vulnerability to global supply disruptions. Locally
grown food would be fresher and potentially more
nutritious, improving diets. Additionally, these
farms can create green jobs in places where
agriculture has dwindled, revitalising rural areas
with high-tech cultivation centers.

Finally, from an environmental perspective, the
expansion of agroponics aligns with climate
change adaptation and mitigation efforts. By
conserving water, preventing pollution, and
enabling local production, agroponic farms
reduce the environmental footprint of food. They
represent a shift towards agricultural circularity -
where waste is repurposed, and external inputs
are minimised. In a world facing increasing
resource constraints, such models will be
invaluable.

In conclusion, the Al-integrated agroponic system
is more than just a novel farming technique; it is a
paradigm shift for how we approach food
production in challenging environments. As
deserts bloom with fish ponds and greenhouses,
the distinction between what is arable and non-
arable begins to blur. With continued innovation
and support, agroponics could help secure a
sustainable food future for some of the most w.
ater-deprived regions on Earth.
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