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ABSTRACT 
Controlled Environment Agriculture (CEA) has emerged as a pivotal solution to addressing food security 

challenges in regions with harsh climatic conditions, such as the GCC (Gulf Cooperation Council) countries. In 

these regions, where temperatures often soar above 40°C, and water scarcity is a pressing concern, CEA allows 

for the cultivation of crops in optimal indoor environments, completely independent of external weather factors. 

This study examines the energy requirements for growing 150 grams of lettuce in a fully controlled CEA 

system, with specific emphasis on the GCC region, where cooling demands are high due to extreme heat.  

 

Lettuce is selected for its relatively short growth cycle and popularity as a crop within CEA systems. Key 

energy-consuming components of the system, including LED lighting, HVAC (Heating, Ventilation, and Air 

Conditioning), and water management, are analyzed in detail. In the GCC, due to the high ambient temperatures, 

the energy required for cooling (HVAC) can be significantly higher compared to regions with milder climates.  

 

Through this study, we aim to provide a comprehensive analysis of the energy inputs necessary for sustainable 

lettuce production in controlled environments, with particular attention to GCC-specific conditions. The 

findings highlight potential energy efficiency improvements and strategies for reducing the environmental 

impact of CEA, including the integration of renewable energy sources like solar power, which is abundant in the 

region.  

 

By adopting cutting-edge technologies in lighting and climate control, the GCC has the potential to reduce its 

dependence on food imports, enhance food security, and promote sustainable agriculture practices, despite the 

region’s challenging environmental conditions. 
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I. Introduction 
The GCC (Gulf Cooperation Council) 

region, which includes countries such as Kuwait, 

Saudi Arabia, and the UAE, faces unique challenges 

in its agricultural sector due to extreme heat, limited 

freshwater resources, and reliance on food imports. 

The global push for sustainable food production, 

coupled with rising concerns about food security in 

the region, has driven interest in Controlled 

Environment Agriculture (CEA) as a potential 

solution. 

Traditional farming methods in the GCC 

are severely constrained by environmental factors. 

The desert climate means that outdoor agriculture is 

often unfeasible without significant water and 

energy inputs. Water scarcity is particularly critical 

in the region, as most countries rely on desalination 

plants for freshwater. In this context, CEA presents 

an attractive alternative, offering the ability to grow 

crops year-round in controlled environments, 

significantly reducing water usage and mitigating 

climate dependency. 

This study focuses on lettuce, a leafy green 

vegetable commonly grown in CEA systems due to 

its fast growth cycle and high demand. Lettuce is 

particularly suited for CEA in the GCC, where 

traditional open-field farming is not viable for such 

crops. In a fully controlled indoor environment, 

variables such as temperature, humidity, and light 

are regulated to optimize growth conditions, 

resulting in higher yields and lower resource use. 

One of the major challenges in the GCC’s 

adoption of CEA is the energy required for HVAC 

(Heating, Ventilation, and Air Conditioning) 

systems. Due to the region’s high ambient 

temperatures, cooling is a significant energy burden. 

In addition to lighting and water management, the 

energy cost of cooling the air to maintain optimal 
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temperatures for lettuce cultivation is substantially 

higher than in temperate climates. Therefore, this 

study will closely analyze the energy consumption 

of HVAC systems, with particular attention to the 

GCC's environmental context. 

The goal of this study is to quantify the 

energy required to produce 150 grams of lettuce in a 

fully controlled CEA system under GCC conditions. 

We will explore the potential for integrating 

renewable energy sources such as solar power, 

which is plentiful in the region, to offset the high 

energy demand for cooling. By doing so, the GCC 

can move toward more sustainable food production 

while reducing its reliance on food imports. 

 

Components of a Fully Controlled Agriculture 

System 

Lighting Requirements 

 

Lighting is one of the most energy-intensive 

components of a Controlled Environment 

Agriculture (CEA) system. In the GCC, natural 

sunlight is abundant, but the extreme outdoor 

temperatures make it impractical to rely on passive 

greenhouse designs. Instead, indoor farming with 

artificial lighting, particularly LED lights, is the 

preferred option. LED lighting is energy-efficient 

and can be optimized for plant growth by providing 

the necessary light spectrum. 

 

In the GCC, where electricity costs can be high, it is 

crucial to use high-efficiency LED systems to 

reduce energy consumption. Lettuce requires about 

18-20 hours of light per day for optimal growth. 

However, due to the heat in the region, LED lights 

are also preferred for their lower heat emission 

compared to traditional lighting solutions such as 

high-pressure sodium (HPS) lamps. 

 

This study assumes the use of energy-efficient LED 

lighting systems, operating at 300 watts per square 

meter. Given the required growing area for 150 

grams of lettuce, lighting will be a major energy 

consumer, but its energy use can be mitigated 

through technology improvements and spectrum 

optimization. 

 

Climate Control (HVAC) 

 

In the GCC, maintaining optimal indoor 

temperatures for lettuce cultivation is challenging 

due to the extreme outdoor heat, which can regularly 

exceed 40°C during the summer months. HVAC 

systems are responsible for maintaining the 

temperature, humidity, and CO₂ levels inside the 

CEA system. 

 

For lettuce, the optimal growing temperature is 

between 18°C and 22°C, and humidity must be 

controlled to prevent plant stress and disease. In the 

GCC, the energy required for cooling is much 

higher than in temperate climates. The study 

assumes that the HVAC system operates 

continuously to offset the extreme heat outside. This 

makes HVAC one of the most energy-intensive 

components in a CEA setup in the region. 

To reduce the energy burden, it is critical to 

incorporate energy-saving techniques such as 

improved insulation, air circulation strategies, and 

possibly geothermal cooling systems where feasible. 

In addition, there is growing interest in using 

renewable energy, particularly solar power, to meet 

the high cooling demand in the region. 

 

Water and Nutrient Management 

 

Water scarcity is a critical issue in the GCC, where 

freshwater resources are limited, and much of the 

water supply comes from energy-intensive 

desalination plants. In this context, CEA offers a 

significant advantage because hydroponic systems, 

widely used in indoor farming, require far less water 

than traditional soil-based agriculture. 

 

Hydroponics recycles water within a closed-loop 

system, minimizing waste and drastically reducing 

the amount of water required to grow crops like 

lettuce. This is particularly important in the GCC, 

where water conservation is a priority. Nutrient 

delivery systems ensure that plants receive the 

necessary minerals, which are dissolved in water, 

allowing for precise control over plant nutrition. 

 

In this study, we assume that water and nutrient 

management systems contribute less to the overall 

energy consumption compared to lighting and 

HVAC. However, the energy required for water 

pumps and nutrient mixing systems must still be 

considered, especially in a region where water 

scarcity makes resource efficiency paramount. 

 

Total Energy Consumption 

 

Lighting in a Controlled Environment Agriculture 

(CEA) system, particularly in the GCC, is critical 

for the growth of crops like lettuce. Despite the 

ample sunlight available in the region, the extreme 

heat makes outdoor growing inefficient, thus driving 

the reliance on indoor farming systems. As 

discussed in previous sections, LED lighting is the 

most energy-efficient option for CEA systems, 

consuming around 300 watts per square meter. 
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Given that lettuce requires about 18-20 hours of 

light per day, the energy consumption for lighting 

can be significant. In the GCC, where electricity 

prices vary across different countries, it is vital to 

manage energy consumption carefully. The 

assumption made for this study is that high-

efficiency LED systems are used, operating at 300 

watts per square meter for 18 hours a day. 

 

For 150 grams of lettuce, the growing area is 

estimated to be 0.1 square meters, meaning the total 

energy consumption for lighting over a 30-day 

growth cycle would be: 

 

- Energy Use per Square Meter: 300 W × 18 

hours/day = 5.4 kWh/day 

 

- For 0.1 square meters, daily energy consumption = 

5.4 kWh/day × 0.1 = 0.54 kWh/day 

 

- Over 30 days, total energy consumption for 

lighting = 0.54 kWh/day × 30 = 16.2 kWh 

 

In the GCC, where electricity costs are generally 

higher than in temperate regions, the energy cost of 

lighting may present a significant operational 

expense. However, LED systems that provide full-

spectrum lighting for optimal plant growth help to 

reduce energy consumption compared to other 

lighting solutions. 

 

HVAC Energy Consumption 

 

Maintaining optimal indoor conditions in the GCC 

requires substantial energy due to the region’s 

extreme heat. HVAC (Heating, Ventilation, and Air 

Conditioning) systems are responsible for cooling 

the air, regulating humidity, and maintaining CO₂ 
levels within the indoor growing environment. 

Lettuce grows best at temperatures between 18°C 

and 22°C, with humidity levels optimized to prevent 

diseases and ensure plant health. In the GCC, where 

outdoor temperatures frequently exceed 40°C, the 

cooling requirements are far greater than in 

temperate climates. As a result, HVAC systems 

account for a large portion of the total energy 

consumption. 

In this study, we assume that HVAC systems 

consume approximately 30% of the energy required 

for lighting. This assumption reflects the increased 

energy demand for cooling in the region: 

 

- HVAC Energy Consumption = 16.2 kWh 

(lighting) × 0.3 = 4.86 kWh 

 

However, integrating energy-efficient HVAC 

technologies, such as variable speed drives and 

high-efficiency compressors, can help reduce this 

energy demand. Additionally, using renewable 

energy sources, such as solar power, to offset the 

cooling load can significantly lower operational 

costs. Solar energy is abundant in the GCC and 

represents a practical solution for addressing high 

HVAC energy needs. 

 

Water and Nutrient Management 

 

Water management is a crucial factor in CEA 

systems, especially in the GCC, where water 

scarcity is a major concern. Hydroponic systems are 

widely used in CEA because they require 

significantly less water than traditional farming 

methods. By recycling water in a closed-loop 

system, hydroponics minimizes water waste while 

delivering the precise amount of nutrients needed 

for plant growth. 

 

The energy used for water circulation, nutrient 

delivery, and filtration systems is lower than that of 

lighting and HVAC, but it still contributes to the 

overall energy footprint. In the GCC, where water 

must be carefully managed, hydroponic systems 

provide an efficient alternative to conventional 

agriculture. The energy required for water 

management systems, including pumps and nutrient 

delivery, is assumed to be around 10% of the 

lighting energy consumption: 

 

- Water and Nutrient Energy Consumption = 16.2 

kWh (lighting) × 0.1 = 1.62 kWh 

 

Given the reliance on desalinated water in the 

region, which is energy-intensive, using water-

efficient systems is essential for sustainable 

agricultural practices. Hydroponic CEA systems not 

only reduce water consumption but also improve the 

overall resource efficiency of food production in the 

GCC. 

 

Summary of Total Energy Consumption 

 

Summing up the energy consumption for lighting, 

HVAC, and water management provides a clear 

picture of the total energy required to grow 150 

grams of lettuce in a fully controlled CEA system in 

the GCC region: 

 

- Lighting: 16.2 kWh 

 

- HVAC: 4.86 kWh 

 

- Water and Nutrient Management: 1.62 kWh 
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Total Energy Consumption: 16.2 + 4.86 + 1.62 = 

22.68 kWh 

 

This total represents the combined energy 

consumption for the core components of the CEA 

system. In the GCC, where energy costs and water 

scarcity are major considerations, integrating 

renewable energy sources, improving system 

efficiencies, and optimizing resource use will be 

critical to ensuring the long-term sustainability of 

CEA systems 

 

Strategies for Improving Energy Efficiency in 

CEA Systems 

1. Renewable Energy Integration 

The GCC region, with its abundant 

sunlight, presents an ideal opportunity to integrate 

renewable energy into Controlled Environment 

Agriculture (CEA) systems. Solar power offers 

significant potential to offset the high energy costs 

associated with running CEA systems, particularly 

for HVAC (heating, ventilation, and air 

conditioning) and lighting. 

Solar energy can be harnessed using 

photovoltaic (PV) panels installed on rooftops or 

adjacent to the CEA facility. These panels can 

supply a significant portion of the energy required 

for lighting and cooling systems, thus reducing 

reliance on the local power grid. In fact, the high 

intensity of solar radiation in the GCC means that 

solar energy is available throughout the year, 

making it one of the most reliable sources of 

renewable energy in the region. 

Hybrid systems, which combine solar 

energy with backup grid power or energy storage 

systems, could be particularly beneficial for CEA in 

the GCC. Batteries could store excess solar energy 

generated during peak sunlight hours, ensuring that 

the CEA system has a continuous energy supply 

even during the night or on cloudy days. 

Countries like the UAE and Saudi Arabia 

have already made significant investments in solar 

power infrastructure, and incorporating this into 

agricultural projects could further strengthen the 

region’s sustainability efforts. For instance, large-

scale solar farms, such as those already in operation 

in Dubai, could provide direct energy to CEA 

systems, reducing operational costs and minimizing 

the carbon footprint. 

The use of renewable energy in CEA is not 

only an environmental benefit but also an economic 

one. The GCC’s reliance on fossil fuels for 

electricity generation means that shifting toward 

renewables can reduce energy costs over time, 

especially as solar technology becomes more 

affordable and efficient. 

While solar power is the primary focus for 

renewable energy in the GCC, there are also 

opportunities to explore wind energy in certain 

coastal areas of the region. Coastal areas benefit 

from consistent wind patterns, and wind turbines 

could supplement solar energy in powering CEA 

systems. Hybrid solutions combining solar, wind, 

and energy storage can offer a robust renewable 

energy portfolio for indoor farming in the GCC. 

 

2. Advanced HVAC Systems 

In the GCC, where high ambient temperatures can 

exceed 40°C during the summer months, cooling 

systems represent one of the most significant energy 

loads for CEA. Therefore, investing in advanced 

HVAC systems is crucial to reducing energy 

consumption and improving efficiency. 

Modern HVAC systems with variable-

speed compressors, smart thermostats, and 

integrated ventilation systems can dramatically 

reduce energy use compared to traditional cooling 

technologies. By adjusting the cooling load 

dynamically based on real-time temperature and 

humidity data, these systems can operate more 

efficiently. 

Incorporating passive cooling methods, 

such as geothermal cooling, where cool air is drawn 

from the earth’s surface, can further reduce energy 

requirements. In areas of the GCC where 

geothermal conditions are favorable, this technique 

could be a game-changer, significantly cutting down 

on the energy needed for traditional air 

conditioning. 

The integration of geothermal energy in 

CEA systems can play a transformative role in 

addressing the high cooling demands of the GCC. 

For instance, in Saudi Arabia, where geothermal 

resources are being explored, there is potential to 

harness this naturally occurring energy to support 

sustainable indoor agriculture. Although geothermal 

technology requires initial investments in 

infrastructure, the long-term energy savings make it 

a viable option for CEA facilities. 

 

3. Lighting Optimization 

Lighting remains one of the primary energy 

consumers in CEA systems and optimizing lighting 

strategies can result in significant energy savings. In 

the GCC, where electricity costs can be higher than 

in other regions, it is essential to maximize the 

efficiency of lighting technologies. 

Full-spectrum LED lights have become the 

gold standard for indoor farming due to their energy 

efficiency and ability to provide plants with the 

exact wavelengths needed for photosynthesis. Full-

spectrum LEDs mimic natural sunlight, offering 
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plants the ideal light quality for both growth and 

flowering phases. 

One approach to reducing energy use is 

optimizing the light schedule. Plants, including 

lettuce, do not necessarily need continuous light 

exposure. By cycling light on and off at strategic 

intervals, energy use can be minimized without 

compromising plant growth. This process, known as 

light pulsing, ensures that plants receive the energy 

they need while reducing total energy consumption. 

In the GCC, combining lighting schedules 

with natural daylight exposure can further enhance 

efficiency. While the extreme heat makes outdoor 

farming impractical, indoor farms with controlled 

daylight windows could supplement artificial 

lighting with natural sunlight during cooler parts of 

the day, thus reducing reliance on LED systems. 

 

4. Water and Nutrient Efficiency 

Water scarcity is a major challenge in the 

GCC, where freshwater resources are limited, and 

desalination is energy intensive. In CEA, efficient 

water management is critical for sustainable crop 

production. Hydroponic systems, which use up to 

90% less water than traditional farming, are 

especially advantageous in the GCC, where water 

conservation is essential. 

In hydroponics, water is circulated in a 

closed-loop system, meaning the same water is 

reused after it passes through the plant’s root zone. 

The only water lost in the system is that which is 

absorbed by the plants or lost through evaporation. 

This dramatically reduces the need for additional 

water inputs, making hydroponics a water-efficient 

solution for the arid GCC region. 

One innovative approach being explored is 

integrating desalination technologies directly with 

hydroponic systems. In the GCC, where desalinated 

water is widely available, CEA systems could tap 

into existing desalination infrastructure to supply 

water for crop production. By recycling desalinated 

water within hydroponic systems, CEA facilities can 

further reduce their water footprint. 

 

5. Automation and Smart Systems 

Automation plays a crucial role in 

optimizing energy use within CEA systems. By 

integrating sensors, artificial intelligence (AI), and 

machine learning algorithms, CEA facilities can 

monitor and adjust environmental conditions in real-

time to ensure that crops receive exactly what they 

need when they need it, without wasting resources. 

For example, AI-driven systems can adjust lighting, 

HVAC, and irrigation based on real-time data from 

sensors placed throughout the facility. If the ambient 

temperature rises, the system can automatically 

increase ventilation or reduce light intensity to 

prevent overheating. Similarly, water and nutrient 

delivery can be adjusted based on the plants’ growth 

stage and specific needs. 

In the GCC, where energy efficiency is paramount, 

AI-powered CEA systems can help reduce energy 

consumption while maintaining optimal growing 

conditions. Smart systems can predict plant growth 

cycles, ensuring that resources like light and water 

are delivered with maximum efficiency. Automation 

also helps reduce labor costs, which is another 

benefit in the high-temperature environment of the 

GCC, where working conditions can be challenging. 

 

II. Conclusion 
1. Key Findings 

This study examined the electrical energy 

requirements for growing 150 grams of lettuce in a 

Controlled Environment Agriculture (CEA) system, 

focusing on the GCC region. In particular, the 

analysis of lighting, HVAC, and water management 

systems revealed the significant energy demands in 

maintaining optimal growing conditions in such an 

arid and hot climate. 

The lighting system, utilizing full-spectrum LED 

lights, accounted for a substantial portion of the total 

energy consumption. Given that lettuce requires 

approximately 18-20 hours of light per day, the 

energy consumption for lighting was estimated to be 

16.2 kWh over a 30-day growing cycle. 

The most energy-intensive component, however, 

was the HVAC system. Due to the extreme 

temperatures experienced in the GCC, maintaining 

the optimal temperature range for lettuce (between 

18°C and 22°C) required continuous cooling. 

HVAC energy consumption was estimated to be 

30% of the lighting energy, or approximately 4.86 

kWh. 

Water management, while critical in the resource-

scarce GCC, was found to be relatively energy-

efficient compared to other components. 

Hydroponic systems drastically reduce water usage 

by recycling it in a closed-loop system, contributing 

to a minor energy consumption of 1.62 kWh for 

pumps and nutrient delivery systems. 

 

2. Impact on Food Security 

One of the most significant benefits of adopting 

CEA systems in the GCC is the potential to enhance 

food security. The region imports a large portion of 

its food due to its harsh agricultural conditions. CEA 

presents an opportunity to reduce this dependency 

by producing crops locally, year-round, in a 

controlled environment. 

By localizing food production, the GCC can reduce 

the vulnerabilities associated with supply chain 

disruptions, fluctuating global food prices, and 

import restrictions. Lettuce and other leafy greens, 
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which are staples in many diets, can be grown 

efficiently using CEA technologies, offering a 

reliable source of fresh produce. 

Furthermore, CEA systems are not limited to 

lettuce. Other high-value crops such as herbs, 

strawberries, and tomatoes can also be cultivated in 

indoor systems, further diversifying the region's 

agricultural output. 

3. Sustainability Opportunities 

The GCC is under increasing pressure to diversify 

its economies and reduce its reliance on oil 

revenues. CEA offers an avenue for the region to 

meet its sustainability goals by reducing water 

usage, minimizing land degradation, and integrating 

renewable energy sources. 

As discussed earlier, solar energy is abundant in the 

GCC and can play a significant role in powering 

CEA systems. By utilizing renewable energy to 

offset the high energy demand of HVAC and 

lighting systems, CEA can become a more 

sustainable and environmentally friendly solution. 

Additionally, advancements in energy-efficient 

technologies, such as LED lighting and smart 

HVAC systems, provide further opportunities to 

reduce the environmental footprint of indoor 

farming. 

 

4. Economic and Environmental Benefits 

The adoption of CEA systems in the GCC can drive 

both economic growth and environmental 

sustainability. Economically, indoor farming can 

create new jobs in technology, agriculture, and 

renewable energy sectors. By investing in local food 

production infrastructure, the region can also reduce 

its dependence on costly food imports, creating a 

more self-sufficient economy. 

From an environmental perspective, CEA systems 

help to conserve water—an invaluable resource in 

the GCC—while producing more food with less 

land. Indoor farming eliminates the need for 

pesticides and reduces the risk of soil degradation, 

making it a more sustainable alternative to 

traditional agriculture. 

The economic and environmental benefits combined 

make CEA an attractive proposition for the GCC as 

it transitions toward a more diversified and 

sustainable economy. 

 

5. Future of CEA in the GCC 

The future of CEA in the GCC looks promising, 

with several factors aligning to support the growth 

of indoor farming systems. The region’s abundant 

solar resources, increasing governmental support for 

sustainability initiatives, and growing demand for 

locally produced food are key drivers for the 

expansion of CEA. 

Governments across the GCC have already started 

investing in research and development of 

agricultural technologies, including indoor farming. 

Dubai’s food security strategy and Saudi Arabia’s 

Vision 2030 both include ambitious plans to 

increase local food production. Additionally, private 

sector investments in indoor farms and vertical 

farming systems are expected to rise as technology 

becomes more affordable. 

The scalability of CEA in the GCC will depend on 

several factors, including continued advancements 

in energy efficiency, the availability of renewable 

energy, and the development of supportive 

infrastructure. CEA systems are poised to play a 

vital role in addressing the region’s food security 

challenges while contributing to economic 

diversification. 

 

6. Challenges and Recommendations 

Despite its potential, the widespread adoption of 

CEA in the GCC faces several challenges. The 

initial capital investment required to establish indoor 

farming systems can be high, particularly for 

advanced technologies such as full-spectrum LED 

lighting and smart HVAC systems. Governments 

and private investors will need to collaborate to 

provide the necessary financial support to overcome 

this barrier. 

Another challenge is the energy-intensive nature of 

CEA. Although renewable energy can offset some 

of the energy demands, particularly for HVAC 

systems, the integration of these technologies will 

require additional investments in infrastructure. 

Ensuring a reliable and affordable energy supply is 

crucial for the success of CEA in the region. 

To address these challenges, several 

recommendations can be made: 

- **Government incentives**: Provide subsidies or 

tax incentives for businesses and individuals 

investing in CEA technologies and renewable 

energy. 

- **Public-private partnerships**: Encourage 

collaboration between governments, research 

institutions, and private companies to share 

knowledge, reduce costs, and accelerate the 

development of indoor farming systems. 

- **Education and training**: Invest in educational 

programs and training for the workforce to develop 

the necessary skills in indoor farming, renewable 

energy, and related technologies. 
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