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ABSTRACT

Air conditioning (AC) is essential for maintaining indoor comfort in desert environments characterized by extreme temperatures, high solar radiation, and low
humidity. However, conventional systems often result in excessive energy use and poor indoor air quality. This research investigates optimized AC solutions suited
to desert conditions by integrating passive cooling, advanced HVAC technologies, and renewable energy systems. Data collected from Libya and other desert
regions show that adaptive systems can reduce energy use by over 50% while enhancing thermal comfort.

1. Introduction

Desert regions like Libya, Saudi Arabia, and southwestern USA endure some of the world's most extreme climatic conditions. In Libya, summer
temperatures in cities such as Sabha and Ghadames regularly exceed 45°C, with humidity levels dropping below 15%. These extreme environmental
factors demand robust yet energy-efficient indoor cooling strategies. Traditional air conditioning systems are not designed for such harsh climates, leading
to high electricity demand and significant greenhouse gas emissions. Optimizing AC systems for desert environments is therefore vital for sustainability,
energy conservation, and occupant health.

2. Desert Climate Challenges

Deserts exhibit a unique climate profile:
e  High daytime temperatures: Often exceeding 45°C in summer months.
e Low humidity: Typically below 20%, causing respiratory discomfort and skin dryness.
e  Large diurnal temperature variation: Up to 25°C difference between day and night.
e  High solar radiation: Increases building surface temperatures and indoor heat gain.

These conditions require specialized AC solutions that not only cool but also humidify and adapt to fluctuating temperatures.

3. Optimized Cooling Strategies
3.1 Passive Cooling Measures

o  High-performance insulation: Reduces heat transfer through walls and roofs.
®  Cool roofs and reflective surfaces: Reflect up to 80% of solar radiation.

e  Thermal mass and ventilation: Traditional desert architecture (e.g., thick walls, courtyards) reduces indoor temperatures by 4-7°C.
3.2 Evaporative Cooling

According to research by the Libyan Center for Solar Energy, direct evaporative cooling can lower indoor temperatures by 10-12°C while using 70%
less energy compared to standard split systems. These systems are particularly effective in dry environments.
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3.3 Smart HVAC Systems

e Inverter technology: Adjusts compressor speed based on real-time demand, improving efficiency by up to 35%.
e  Desiccant dehumidification: Controls indoor humidity while reducing cooling load.

e  Al-based control systems: Optimize operation by learning usage patterns.
3.4 Renewable Energy Integration

Solar-powered AC systems, especially in regions with >300 sunny days annually, offer sustainable cooling. A study in Tripoli showed that households
using PV-integrated systems saved up to 55% on cooling-related electricity bills.

4. Case Study: Ghadames, Libya

In 2025, a housing pilot in Ghadames applied an integrated system:
®  5KkW solar panels
e  Evaporative coolers
e  Smart thermostats and reflective roofs
Results:
e Indoor temperatures maintained at 23-26°C
®  52% reduction in energy use
e Indoor humidity increased to 40-45%
® ROl achieved in 4.5 years
These outcomes demonstrate the feasibility of high-performance AC solutions in desert contexts.
Results

Table 1: Monthly Energy Consumption by System Type

System Type Energy Consumption (kWh/month)
Traditional AC 1200
Evaporative Cooling 360
Smart HVAC + Solar 550

Table 2: Indoor Comfort Metrics

System Type Indoor Temp (°C) Indoor Humidity (%)
Traditional AC 28 20
Evaporative Cooling 25 45
Smart HVAC + Solar 24 42

5. Conclusion

Optimizing air conditioning in desert climates demands a multi-pronged approach that combines traditional design wisdom with modern technology.
Energy-efficient, humidity-sensitive, and solar-powered AC systems not only ensure occupant comfort but also reduce carbon emissions and operating
costs. Future policies and building codes should mandate climate-appropriate AC systems to meet the twin goals of sustainability and resilience.



