
1 

A state-of-the-art review of Using alternative energy to 
reduce air conditioning loads 

 

Waleed A. Ethbayah1 & Mosaab M. Alawadhi1 
1 Higher Institute for Energy, The Public Authority for Applied Education & Training, Kuwait 

ethbayah2013@gmail.com 
 

Abstract 

Energy efficiency is one of the most significant technological challenges of our time. The high costs 
of power generation and production, coupled with rising electricity load costs, have led to a focus on 
promoting renewable energy sources, such as solar and wind power. The world is currently 
witnessing a trend towards using more efficient equipment and devices to reduce electricity loads. 
This necessitates reducing the use of certain alternative elements, which will be identified and 
developed to address these issues. 

Climate change has also led to higher summer temperatures in regions with historically more stable 
winter temperatures, including the UK, where demand for air conditioning has historically been low. 
Energy system planning has therefore focused on seasonal variations in demand. 

This research will specifically examine the electrical load consumption of air conditioners and the 
reasons for their high consumption. Furthermore, it will explore alternative energy-saving solutions 
that go beyond simply relying on energy-efficient air conditioning systems. 

 

1. Introduction and Background 

The rapid growth in global energy demand has become one of the most important challenges facing 
modern societies. Population growth, urbanization, economic development, and increasing 
dependence on electrical and mechanical systems have contributed significantly to the continuous 
increase in energy consumption. At the same time, concerns regarding climate change, greenhouse 
gas emissions, depletion of conventional fossil-fuel resources, and fluctuations in energy prices have 
accelerated the transition toward more sustainable and efficient energy systems. Consequently, 
improving energy efficiency and increasing the contribution of renewable energy sources have 
become essential components of global strategies for reducing energy consumption and 
environmental impacts. 

Among the different sectors contributing to electricity demand, buildings represent a significant 
proportion of total energy consumption. Within buildings, heating, ventilation, and air-conditioning 
(HVAC) systems are among the major consumers of electrical energy, particularly in regions 
characterized by high ambient temperatures and prolonged cooling seasons. Air-conditioning 
systems are essential for maintaining thermal comfort and acceptable indoor environmental 
conditions; however, their operation can impose substantial electrical loads on buildings and national 
power grids. The situation becomes more critical during periods of high outdoor temperatures, when 
cooling demand increases rapidly and air-conditioning systems may operate simultaneously across 
residential, commercial, and industrial buildings. 

The relationship between outdoor temperature and air-conditioning electricity consumption is 
particularly important because cooling demand generally increases as ambient temperature rises. 
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During hot periods, the simultaneous operation of large numbers of cooling systems can create 
significant peak electrical loads. These peak loads require additional generation and network 
capacity and may increase the operating costs and environmental impacts of electricity systems. 
Therefore, reducing the electrical demand associated with air conditioning is not only a building-
level energy-efficiency issue but also an important component of wider energy-system planning. 

Climate change is expected to further intensify this challenge. Increasing global temperatures and the 
greater frequency and duration of extreme heat events are expected to increase cooling requirements 
in many regions. Countries and regions that have historically experienced relatively moderate 
summer temperatures and consequently had limited air-conditioning penetration may also experience 
a growing demand for mechanical cooling. The United Kingdom provides an important example of 
this transition. Historically, cooling demand in the UK has been considerably lower than heating 
demand; however, increasing summer temperatures and more frequent heatwaves are changing 
building cooling requirements. This change has implications for future electricity-demand patterns 
and requires greater consideration of cooling loads in energy-system planning. 

Conventional approaches to reducing air-conditioning energy consumption have primarily focused 
on improving the efficiency of cooling equipment. These approaches include the development of 
high-efficiency compressors, variable-speed drives, improved heat exchangers, advanced 
refrigerants, smart thermostats, and enhanced control systems. Although such technologies can 
significantly reduce the energy consumption of individual air-conditioning systems, they do not 
eliminate the fundamental dependence of cooling systems on electricity. Furthermore, improvements 
in equipment efficiency alone may not be sufficient to offset the increase in cooling demand 
resulting from rising temperatures and the expansion of air-conditioning use. 

An alternative approach is therefore to reduce the electrical energy supplied to air-conditioning 
systems through the integration of renewable and alternative energy technologies. Solar energy is 
particularly attractive for cooling applications because solar radiation and cooling demand often 
occur simultaneously. Photovoltaic (PV) systems can generate electricity to operate conventional air-
conditioning equipment, while solar thermal technologies can provide the thermal energy required by 
absorption and adsorption cooling systems. Other technologies, including wind energy, geothermal 
and ground-source cooling, thermal energy storage, and hybrid renewable-energy systems, can also 
contribute to reducing the electrical demand associated with conventional cooling. 

The integration of renewable energy with air-conditioning systems can provide several potential 
benefits. In addition to reducing grid electricity consumption, renewable-powered cooling can reduce 
peak electrical demand, lower operational carbon emissions, and improve the resilience of buildings 
and energy systems. Thermal energy storage can further enhance this integration by shifting cooling 
production from periods of high electricity demand to periods when renewable energy is available or 
electricity prices are lower. Similarly, passive cooling techniques, improved building envelopes, 
shading systems, natural ventilation, and advanced building energy-management systems can reduce 
the cooling load before mechanical air conditioning is required. 

However, the effectiveness of these approaches depends strongly on climatic conditions, building 
characteristics, occupancy patterns, system configuration, renewable-resource availability, and 
economic considerations. Therefore, no single alternative energy technology can be considered 
universally applicable to all cooling applications. A comprehensive assessment is required to 
understand the advantages and limitations of different technologies and to determine how they can be 
integrated into efficient and reliable cooling systems. 
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This review therefore focuses on the state of the art in the application of alternative and renewable 
energy technologies for reducing air-conditioning electrical loads. The study examines the principal 
causes of high air-conditioning energy consumption and evaluates technological approaches that can 
reduce cooling-related electricity demand beyond conventional improvements in equipment 
efficiency. Particular attention is given to photovoltaic-powered air conditioning, solar thermal 
cooling, geothermal and ground-source systems, wind-assisted systems, thermal energy storage, and 
hybrid renewable-energy configurations. The review also considers passive cooling and demand-side 
management strategies as complementary approaches. 

The objective of this review is to provide a comprehensive understanding of current developments in 
alternative-energy-assisted cooling systems, compare their potential for reducing electrical loads, 
identify their principal technical and operational limitations, and highlight existing research gaps. By 
bringing together renewable-energy technologies, energy storage, passive cooling strategies, and 
intelligent energy management, the review aims to identify promising pathways toward low-carbon, 
resilient, and energy-efficient air-conditioning systems capable of meeting future cooling demands 
under changing climatic conditions. 

The global use of air-conditioning systems is expected to increase significantly in the coming years, 
driven by rising income levels, broader access to electricity, declining costs of air-conditioning 
equipment, and the increasing ambient temperatures associated with climate change. Although 
temperate countries have historically experienced relatively low demand for residential space cooling 
compared with space heating, the changing climate is altering this pattern. In particular, the 
increasing frequency and intensity of extreme heat events are expected to contribute to a substantial 
growth in cooling demand in these regions. 

Traditionally, annual peak electricity demand in temperate countries has occurred during the winter 
season, and consequently, energy-system planning has primarily focused on ensuring adequate 
electricity supply during periods of high winter demand. However, the projected growth in air-
conditioning use may significantly modify seasonal electricity-demand patterns by increasing 
summer peak loads and placing additional pressure on electricity-generation and distribution 
infrastructure. 

The growing contribution of air-conditioning to electricity consumption has therefore become an 
important concern for future energy systems. In this context, the International Energy Agency (IEA) 
has emphasized the urgent need for coordinated policies and strategies aimed at limiting the growth 
of energy demand associated with cooling. Addressing this challenge requires not only 
improvements in the efficiency of conventional air-conditioning technologies but also the integration 
of alternative energy sources, energy-storage technologies, passive cooling strategies, and advanced 
energy-management approaches to reduce both cooling-related electricity consumption and peak 
electrical loads. 

Meeting periods of peak electricity demand can impose significant economic and operational 
pressures on power systems, as supplying additional generation capacity during peak periods is often 
associated with higher costs . Furthermore, increased peak demand may result in greater reliance on 
fossil-fuel-based generation, thereby increasing carbon emissions and potentially undermining 
decarbonization efforts. High ambient temperatures can also adversely affect the efficiency and 
available capacity of electricity-generation, transmission, and distribution infrastructure. 
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Consequently, the simultaneous occurrence of reduced system capacity and increased electricity 
demand during periods of extreme heat may increase the risk of load shedding, network congestion, 
and higher system operating costs. 

However, the implications of increasing cooling demand may differ considerably among countries 
depending on the structure of their electricity systems. Many countries are already developing low-
carbon electricity systems capable of accommodating substantially higher peak loads resulting from 
the increasing electrification of space heating. The additional capacity required to meet winter 
heating demand may therefore provide a degree of flexibility for accommodating future increases in 
electricity consumption associated with space cooling. Nevertheless, the extent to which rising 
cooling demand will affect electricity systems that have traditionally been dominated by heating 
demand remains insufficiently understood. Further investigation is therefore required to assess the 
interaction between changing seasonal demand profiles, climate-related increases in cooling 
requirements, electricity-system capacity, and the availability of low-carbon generation. 

These issues are particularly relevant to Great Britain (GB), comprising England, Scotland, and 
Wales, while Northern Ireland is supplied through a separate electricity system. Climate projections 
indicate that summers in Great Britain are expected to become progressively warmer and drier, with 
heatwaves becoming more frequent and intense. This trend has already been observed, with 
temperatures exceeding 40 °C recorded in Great Britain for the first time in July 2022. 

The potential increase in cooling demand becomes particularly significant when considered against 
the historically dominant requirement for space heating. Under a global warming scenario of 2 °C, 
the ratio of cooling degree days (CDD), representing degree days above 22 °C, to heating degree 
days (HDD), representing degree days below 15.5 °C, in England is projected to increase from 
approximately 1:85 under current conditions to 1:27. In London, this ratio is projected to reach 
approximately 1:13. These projections demonstrate a potentially substantial shift in the seasonal 
balance between heating and cooling demand and highlight the importance of incorporating future 
air-conditioning loads into electricity-system planning, renewable-energy integration, and long-term 
low-carbon energy strategies. 

 

2. Research Methodology  

2.1 Research Approach 

This study adopts a systematic state-of-the-art review methodology to investigate the potential of 
alternative energy technologies for reducing the electrical loads associated with air-conditioning 
systems. The methodology combines a comprehensive review of previous research with a 
comparative assessment of renewable-energy-assisted cooling technologies. The analysis focuses on 
the energy performance of air-conditioning systems, the factors responsible for their high electricity 
consumption, and the potential of alternative energy sources to reduce both total energy consumption 
and peak electrical demand. 

The methodology is organized into five main stages: (1) identification and classification of air-
conditioning energy loads, (2) assessment of the factors affecting cooling energy consumption, (3) 
investigation of alternative and renewable energy technologies, (4) comparative evaluation of their 
performance, and (5) identification of research gaps and future research opportunities. 
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2.2 Literature Search and Selection 

A structured literature search will be conducted using major scientific databases, including Scopus, 
Web of Science, ScienceDirect, IEEE Xplore, and Google Scholar. Relevant publications will be 
identified using combinations of keywords such as: 

 “air-conditioning energy consumption” 
 “cooling load reduction” 
 “renewable energy cooling” 
 “solar-powered air conditioning” 
 “photovoltaic air conditioning” 
 “solar thermal cooling” 
 “geothermal cooling” 
 “thermal energy storage” 
 “hybrid renewable energy cooling” 
 “air-conditioning peak load” 
 “climate change and cooling demand” 

The review will primarily consider peer-reviewed journal articles, conference papers, technical 
reports, and recognized international energy-agency publications. Studies will be selected according 
to their relevance to air-conditioning energy consumption, alternative energy integration, cooling-
load reduction, energy efficiency, or electricity-demand management. 

2.3 Classification of Alternative Energy Technologies 

The identified technologies will be classified according to their energy source and method of 
integration with the cooling system. The principal categories considered in this study are: 

1. Solar photovoltaic (PV) systems integrated with conventional vapor-compression air-
conditioning systems. 

2. Solar thermal cooling systems, including absorption and adsorption cooling. 

3. Wind-energy-assisted cooling systems. 

4. Geothermal and ground-source cooling systems. 

5. Thermal energy storage systems for shifting cooling demand away from peak electricity periods. 

6. Hybrid renewable-energy systems, combining two or more renewable sources with conventional 
or storage technologies. 

Passive cooling and building-level energy-efficiency measures will also be considered as 
complementary approaches because reducing the cooling load directly can decrease the required 
capacity and electricity consumption of air-conditioning systems. 

 

2.4 Experimental or Simulation Framework 

Where experimental or simulation data are available, a reference air-conditioning system will first be 
established as the baseline case. The baseline system will represent a conventional electrically 
powered air-conditioning unit operating without renewable-energy integration. 
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The alternative configurations will then be evaluated under equivalent operating conditions. The 
main parameters to be considered include: 

 Outdoor air temperature. 
 Indoor set-point temperature. 
 Relative humidity. 
 Cooling capacity. 
 Electrical power consumption. 
 Operating hours. 
 Coefficient of performance (COP). 
 Daily and annual cooling energy demand. 
 Peak electrical load. 
 Renewable-energy contribution. 
 Energy-storage capacity, where applicable. 
 Carbon emissions associated with electricity consumption. 

The comparison will be conducted using identical cooling requirements and boundary conditions to 
ensure that differences in energy performance are attributable primarily to the alternative-energy 
configuration. 

2.5 Climate and Sensitivity Analysis 

Because cooling demand is strongly dependent on outdoor temperature, a sensitivity analysis will be 
performed to investigate the effect of increasing ambient temperatures on air-conditioning energy 
consumption. Different temperature scenarios can be considered to represent current and future 
climatic conditions. 

The analysis will examine how changes in outdoor temperature affect: 

 Cooling load. 
 Daily electricity consumption. 
 Annual cooling energy. 
 Peak electrical demand. 
 Renewable-energy contribution. 
 Required system capacity. 

This analysis will be particularly relevant to regions experiencing increasing summer temperatures 
and more frequent extreme-heat events. 

 

2.6 Data Analysis and Research Gap Identification 

The collected results will be analyzed using comparative and statistical methods where sufficient 
quantitative data are available. Reported energy savings, peak-load reductions, renewable-energy 
fractions, and other performance indicators will be compared across the selected technologies. 

Finally, the reviewed studies will be analyzed to identify limitations and research gaps related to 
system integration, climatic applicability, economic feasibility, energy storage, reliability, and 
scalability. Particular attention will be given to the limited understanding of how increasing cooling 
demand interacts with low-carbon electricity systems and how alternative energy technologies can 
reduce both total electricity consumption and peak air-conditioning loads. 
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The methodology therefore provides a structured framework for evaluating alternative energy 
technologies and identifying the most promising approaches for reducing air-conditioning electricity 
consumption while supporting the transition toward low-carbon and resilient energy systems. 

3. Results 

3.1 Overview of the Review Findings 

The reviewed literature demonstrates that air-conditioning systems represent a significant source of 
electricity consumption, particularly during periods of high ambient temperature. The increase in 
cooling demand associated with climate change, urbanization, and the wider adoption of mechanical 
cooling is expected to increase both annual electricity consumption and peak electrical loads. The 
findings indicate that improving the efficiency of conventional air-conditioning equipment alone 
may not be sufficient to address the projected increase in cooling demand. 

The literature reviewed in this study indicates that the integration of renewable energy sources, 
thermal energy storage, passive cooling techniques, and intelligent energy-management strategies 
can provide additional opportunities for reducing air-conditioning electricity consumption. Among 
the technologies investigated, solar photovoltaic systems, solar thermal cooling, geothermal cooling, 
and thermal energy storage received considerable attention because of their potential to reduce 
dependence on conventional grid electricity. 

 

3.2 Factors Affecting Air-Conditioning Energy Consumption 

The analysis identified several major factors influencing the electrical consumption of air-
conditioning systems. Outdoor air temperature was found to be one of the most important factors 
because increasing ambient temperature increases the cooling load and consequently the operating 
time and power consumption of the air-conditioning system. 

Other important factors include indoor temperature set-point, building thermal characteristics, solar 
heat gains, occupancy, equipment efficiency, relative humidity, ventilation requirements, and 
operating schedules. Poor building-envelope performance can significantly increase cooling loads by 
allowing greater heat transfer through walls, roofs, windows, and other building components. 

The reviewed studies also indicate that air-conditioning electricity demand is highly sensitive to 
extreme-weather conditions. During heatwave events, cooling systems may operate continuously or 
near their rated capacity, resulting in substantial increases in peak electricity demand. This finding 
emphasizes the importance of addressing both total energy consumption and peak cooling loads. 

 

3.3 Effectiveness of Renewable Energy Integration 

The results indicate that renewable-energy integration can substantially reduce the amount of 
electricity supplied to air-conditioning systems from the conventional electrical grid. Solar energy 
was identified as particularly suitable for cooling applications because solar availability generally 
coincides with periods of high cooling demand. 

 

3.3.1 Photovoltaic-Powered Air Conditioning 

Photovoltaic (PV) systems were identified as one of the most promising approaches for reducing the 
grid electricity consumption of conventional vapor-compression air-conditioning systems. During 
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periods of strong solar radiation, PV generation can directly supply part or all of the electrical 
demand of the cooling system. 

The effectiveness of PV-assisted cooling depends on the installed PV capacity, solar radiation, 
system efficiency, cooling demand, and operating schedule. The greatest benefit occurs when the air-
conditioning load coincides with periods of high solar-energy production. However, the mismatch 
between solar availability and cooling demand during evening or nighttime periods may require 
battery storage or grid interaction. 

The reviewed literature therefore indicates that PV-assisted air conditioning can reduce grid 
dependence while simultaneously contributing to peak-load reduction, particularly in regions 
characterized by high solar resources and strong daytime cooling demand. 

 

3.4 Solar Thermal Cooling 

Solar thermal cooling systems provide another approach for utilizing renewable energy for air-
conditioning applications. These systems convert solar thermal energy into useful cooling through 
thermally driven technologies such as absorption and adsorption chillers. 

The main advantage of solar thermal cooling is that it can utilize solar heat directly rather than 
converting solar energy into electricity first. This approach can reduce electrical consumption 
associated with conventional vapor-compression systems. However, the performance of solar 
thermal cooling systems depends strongly on solar radiation, collector efficiency, thermal storage, 
cooling-water temperature, and system operating conditions. 

The reviewed studies indicate that solar thermal cooling is particularly suitable for buildings with 
substantial daytime cooling requirements and sufficient solar resources. Nevertheless, higher initial 
costs, system complexity, and the need for appropriate thermal storage and backup systems remain 
important challenges. 
 

3.5 Geothermal and Ground-Source Cooling 

Ground-source and geothermal cooling technologies were found to provide an alternative method for 
reducing cooling-system electricity consumption by utilizing the relatively stable temperature of the 
ground as a heat sink. Compared with conventional air-source systems, ground-source heat pumps 
can operate under more favorable temperature conditions, potentially improving system efficiency. 

The results indicate that geothermal systems can provide stable cooling performance over a wide 
range of outdoor temperatures. Their main limitations include high initial installation costs, site-
specific geological conditions, drilling requirements, and the availability of sufficient ground area for 
heat-exchange systems. 

Consequently, geothermal cooling appears particularly suitable for new buildings and locations 
where the required ground conditions and installation infrastructure are available. 

 

3.6 Thermal Energy Storage 

Thermal energy storage was identified as an important technology for reducing peak electrical 
demand associated with air conditioning. Rather than relying exclusively on real-time cooling 
production, thermal storage allows cooling energy to be produced and stored during periods of low 
electricity demand or high renewable-energy availability. 
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During peak-demand periods, stored cooling energy can be used to reduce the operating load of 
mechanical cooling equipment. This approach can therefore provide two major benefits: reducing 
peak electricity demand and improving the utilization of renewable energy. 

The effectiveness of thermal storage depends on storage capacity, charging and discharging 
efficiency, thermal losses, control strategy, and the daily cooling-load profile. The literature indicates 
that combining thermal storage with photovoltaic generation can be particularly beneficial because 
excess daytime solar electricity can be used to produce and store cooling for later use. 

 

3.7 Hybrid Renewable-Energy Systems 

The review demonstrates that hybrid systems combining multiple technologies can overcome some 
of the limitations associated with individual renewable-energy technologies. Examples include PV 
combined with battery storage, PV combined with thermal energy storage, solar thermal systems 
with auxiliary conventional cooling, and hybrid solar-geothermal systems. 

Hybrid configurations provide greater operational flexibility and can improve the reliability of 
renewable-powered cooling. They can also reduce the mismatch between renewable-energy 
availability and cooling demand. However, increasing system complexity can result in higher initial 
costs and greater requirements for control, monitoring, and maintenance. 

The findings therefore suggest that system optimization and appropriate energy-management 
strategies are essential for achieving the maximum benefit from hybrid configurations. 

 

3.8 Passive Cooling and Demand-Side Strategies 

The reviewed literature indicates that reducing the cooling load before applying renewable-energy 
technologies can significantly improve the overall performance of an air-conditioning system. 
Passive strategies include improved building insulation, reflective roofs, external shading, high-
performance glazing, natural ventilation, and reduction of unwanted solar heat gains. 

These measures reduce the amount of heat entering the building and consequently decrease the 
required cooling capacity. Unlike renewable-energy systems, passive measures generally reduce 
energy demand at the source and can therefore provide long-term reductions in both cooling energy 
consumption and peak electrical load. 

The results indicate that combining passive cooling measures with renewable-energy technologies is 
more effective than considering either approach independently. Reducing the cooling load decreases 
the size of the required air-conditioning and renewable-energy systems, potentially reducing capital 
and operating costs. 

 

3.9 Impact on Peak Electricity Demand 

One of the most significant findings is that alternative-energy technologies can contribute not only to 
reducing annual electricity consumption but also to reducing peak electrical demand. This distinction 
is important because peak demand determines the required capacity of electricity-generation, 
transmission, and distribution infrastructure. 

PV systems can reduce daytime peak demand when solar generation coincides with cooling loads. 
Thermal energy storage can provide additional peak reduction by shifting cooling production to 
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periods of lower demand. Passive cooling measures reduce the magnitude of the cooling load itself 
and therefore provide a direct reduction in peak air-conditioning power requirements. 

The combination of these approaches can potentially provide greater peak-load reduction than the 
implementation of energy-efficient air-conditioning equipment alone. 

 

3.10 Impact of Climate Change on Cooling Demand 

The reviewed literature confirms that increasing ambient temperatures are expected to increase 
cooling requirements and modify seasonal electricity-demand patterns. Regions that have historically 
been dominated by heating demand may experience a growing contribution from cooling loads as 
summer temperatures increase. 

This finding is particularly relevant to temperate regions such as Great Britain, where historically 
low residential cooling demand has resulted in electricity-system planning being strongly influenced 
by winter heating requirements. Increasing summer temperatures and more frequent heatwave events 
may lead to a growing requirement for cooling capacity and greater summer peak electricity demand. 

The results therefore demonstrate the importance of incorporating future cooling demand into long-
term electricity-system planning and renewable-energy strategies. 

 

3.11 Overall Research Findings 

The overall results of the state-of-the-art review demonstrate that reducing air-conditioning 
electricity consumption requires a combination of measures rather than dependence on a single 
technology. Improving the efficiency of conventional cooling equipment remains important, but 
renewable-energy integration, thermal energy storage, passive cooling, and intelligent energy 
management can provide additional and complementary reductions. 

Among the reviewed technologies, photovoltaic-powered air conditioning and thermal energy 
storage show strong potential for reducing grid electricity consumption and peak cooling loads, 
particularly when properly matched to the building cooling profile. Solar thermal and geothermal 
cooling provide additional opportunities in locations with appropriate solar and geological 
conditions. Hybrid systems offer increased flexibility and reliability but require more sophisticated 
design and control. 

The findings also reveal an important research gap concerning the integration of alternative-energy 
cooling technologies with future electricity systems under changing climatic conditions. Further 
research is required to optimize system sizing, renewable-energy utilization, thermal storage, control 
strategies, economic performance, and long-term operation under different climate scenarios. 

Overall, the review supports the development of integrated cooling systems in which energy 
efficiency, renewable energy, passive cooling, and energy storage are considered simultaneously. 
Such an integrated approach can contribute to reducing air-conditioning electricity consumption, 
limiting peak electrical demand, lowering carbon emissions, and improving the resilience of future 
low-carbon energy systems. 
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4. Conclusions: 
- Air-conditioning systems represent a significant and growing contributor to electricity 

consumption and peak electrical demand, particularly during periods of high ambient 
temperature. 

- Climate change is expected to increase cooling requirements through rising average 
temperatures and more frequent and intense heatwave events, placing additional pressure on 
electricity-generation, transmission, and distribution infrastructure. 

- Improving the efficiency of conventional air-conditioning equipment is important but may not 
be sufficient to offset the projected growth in cooling demand. 

- Renewable-energy technologies provide an effective pathway for reducing the dependence of 
air-conditioning systems on conventional grid electricity. 

- Solar photovoltaic (PV) systems have considerable potential for supplying the electrical demand 
of air-conditioning systems, particularly in regions with high solar radiation and significant 
daytime cooling loads. 

- Solar thermal cooling can reduce electrical consumption by using solar thermal energy to drive 
absorption or adsorption cooling systems, although system complexity and initial costs remain 
important challenges. 

- Geothermal and ground-source cooling systems can provide efficient and relatively stable 
cooling performance, but their application depends on site characteristics and installation costs. 

- Thermal energy storage can significantly contribute to reducing peak electrical demand by 
shifting cooling production from high-demand periods to periods of lower electricity demand or 
higher renewable-energy availability. 

- Hybrid renewable-energy systems can improve reliability and flexibility by combining 
complementary technologies such as photovoltaic generation, energy storage, and conventional 
cooling systems. 

- Passive cooling measures, including improved insulation, solar shading, reflective surfaces, 
high-performance glazing, and natural ventilation, can reduce the cooling load before 
mechanical air conditioning is required. 

- The integration of renewable energy, energy storage, passive cooling, and intelligent energy 
management can provide greater benefits than relying solely on improvements in air-
conditioning equipment efficiency. 

- The most appropriate alternative-energy technology depends on climatic conditions, building 
characteristics, cooling-load profiles, renewable-resource availability, economic factors, and 
system requirements. 

- Future electricity-system planning should explicitly consider the potential growth of cooling 
demand, particularly in regions where electricity systems have historically been dominated by 
space-heating requirements. 

- Further research is required to optimize system sizing, renewable-energy utilization, thermal-
storage capacity, control strategies, economic performance, and system operation under future 
climate scenarios. 

- Overall, the integration of alternative energy technologies with efficient cooling strategies 
represents a promising pathway toward lower electricity consumption, reduced peak loads, 
lower carbon emissions, and more resilient low-carbon cooling systems. 
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