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Abstract: The energy used in a country's economy is very important to its development. Over the years, the electricity 

and ventilation consumption of buildings have increased. People's concerns about the quality of their indoor environment 

are also increasing. Most buildings have air conditioning and ventilation systems that are designed to provide an 

environment that’s comfortable and healthy for the occupants. This is done through the use of ventilation. In addition to 

improving the indoor air quality, it can also help prevent people from experiencing discomfort. 

Studies have shown that about 60% of office buildings' energy consumption is attributed to the use of air conditioning 

systems. These systems provide cool air to the spaces while keeping the temperature controlled. 

A VAV system can meet the health criterion and the IAQ by supplying enough fresh air to meet national standards. A 

conventional AC system requires a refrigeration plant and a network of pipes to deliver cold water to the spaces. 

Since air-cooled chiller systems have a flexible design, they are commonly used in commercial buildings. They can provide a 

cooling effect that's significantly higher than that of water-cooled units. Compared to water cooling systems, air-cooled 

units are more energy-efficient. This is because the head pressure control of the system ensures that the pressure is kept 

high. 

The use of air conditioning has been one of the biggest sources of electrical energy consumption worldwide. It has 

contributed over 10% of the total energy produced, and it contributes to the harmful effects of climate change. Climate 

change is a growing concern that will require the production and use of more air conditioning units. This has necessitated 

the development of a comprehensive research   to address this issue. 
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 كفاءة الطاقة لأنظمة التكييف التقليدية في ظل تغير المناخ

 

 فواز خالد غيثم. 
 الكويت| الهيئة العامة للتعليم التطبيقي والتدريب 

 باستخدام المكيفات  الكهرباء استهلاك زاد ، السنين مر على، لتنميته جدا مهمة ما بلد اقتصاد في المستخدمة الطاقة المستخلص:

 بيئة لتوفير مصممة وتهوية تكييف أنظمة على المباني معظم تحتوي  .الداخلية بيئتهم جودة بشأن الناس مخاوف تتزايد كما .للمباني

 توفر .الهواء تكييف أنظمة استخدام إلى يعزى  المكاتب مبانيفي  الطاقة استهلاك من ٪60 حوالي أن الدراسات أظهرت . وصحية مريحة

 .الحرارة درجة في التحكم على الحفاظ مع للمساحات باردا هواء الأنظمة هذه

 التقليدي التكييف نظام يتطلب .الوطنية المعايير لتلبية النقي الهواء من يكفي ما توفير خلال منالمعايير  تلبية  VAV لنظام يمكن 

 فإنها ، مرن  تصميم لها بالهواء المبردة التبريد أنظمة لأن نظرا .المساحات إلى البارد الماء لتوصيل الأنابيب من وشبكة تبريد محطة

 تبريد أنظمة مع بالمقارنة .بالماء المبردة الوحدات تأثير من بكثير أعلى تبريدتأثير  توفر  أن يمكن .التجارية المباني في شائع بشكل تستخدم

 الحفاظ يضمن للنظام ضغطال في التحكم لأن اساس عملية  وذلك .الطاقة استخدامفي  كفاءة أكثر بالهواء المبردة الوحدات فإن ، المياه

 مرتفعا. الضغط على

 إجمالي من ٪10من  أكثر  تستهلك انها .العالم أنحاء جميع في الكهربائية الطاقة استهلاك مصادر أكبر أحد الهواء تكييف استخدام كان

 وحدات من المزيد واستخدام إنتاج يتطلب متزايد قلق مصدر هو المناخ تغير .المناخ لتغير الضارة الآثار في وتساهم ، المنتجة الطاقة

 .المسألة هذه لمعالجة شامل بحث تطوير ذلك استلزم وقد .الهواء تكييف

 .المناخ تغير،  الكفاءة ، الطاقة،  الهواء تكييف  المفتاحية:الكلمات 
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Introduction  

The concept of energy efficiency is a major area of research that is expected to be pursued in the 

coming years due to the increasing economic and environmental concerns. In particular, the development 

of new buildings has been a major contributor to the energy consumption of buildings(Andrade et al., 

2021). The IEA released a report in 2018 that warned about the potential of space cooling issues. It noted 

that the energy used for this type of cooling has increased significantly over the last two decades. This is 

putting a strain on the electricity systems in several countries, such as Egypt . 

In order to minimize the impact of space cooling on the electricity grid, various policies and 

programs need to be implemented. An assessment conducted in Egypt  revealed that the air conditioning 

units in commercial buildings consume up to 75% of the energy used. Following the energy crisis of the 

1970s, various countries have started to improve the energy labelling of commercial buildings. These 

efforts have provided both environmental and financial benefits(C. Munaaim et al., 2017). However, Egypt  

is still yet to implement building regulations related to this subject. 

The five levels of energy efficiency are based on the building envelope, air conditioning system, 

lighting system, and the building's overall design. The energy consumption of commercial air conditioning 

units can be classified based on a combination of factors, such as the building's size and the standards for 

its operation. For instance, according to the ASHRAE standard 90.1 standard, the efficiency of a central air 

conditioning system should be based on the measurements of the COP and the IPLV(Yuan et al., 2011). 

A simulation method is used to compare two different models, namely the reference building and 

the real/proposed one. These two models should have the same characteristics, such as having the same 

set point temperature and air conditioning system type. According to ISO 5151, which was released in 

2017, the energy efficiency of a commercial air conditioning system is measured based on the conditions 

under which it operates. But, there are no standards for certain types of equipment, such as VRF and 

chillers(Ni & Bai, 2017). 

In Egypt , the regulation adopted the System Part-Load Value (SPLV), which is a measure of the 

efficiency of a building's air conditioning system. This is a representation of the system's performance 

under certain conditions. The system part-load value is computed by taking into account the annual 

thermal load, as well as the performance of the whole air conditioning system, during four different 

thermal load conditions. It is based on the IPLV calculation method, but it also takes into account other 

factors such as the expected operating hours and weather data(Pérez-Lombard et al., 2011; Zheng et al., 

2019). 

During the 1960s, the concept of variable air volume systems was introduced to help reduce the 

energy consumption of a building during its partial load. This type of system is more cost-effective than 

variable refrigerant flow systems. It also offers a variety of design and control options to meet the needs of 

different air distribution systems. A typical variable-speed air conditioning system uses a frequency 

inverter to control the motor's rotation in order to provide the appropriate amount of air to each zone. This 
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type of system also features an airside economizing function, which allows it to provide cooling when the 

weather conditions are favorable(Delavari et al., 2020). 

The reduction in energy consumption of systems that have constant air volume is mainly due to 

the reduction in the amount of air that passes through the coils to cool them. This is the main factor that 

determines the system's overall performance. Large buildings are commonly equipped with a type of 

central air conditioning system that is powered by a Centrifugal chiller. This type of system's capacity is 

controlled by the amount of refrigerant that's required to be displaced. In addition to this, a variable speed 

drive or pre-rotational vanes can also be used to control the system's capacity(Xing et al., 2013). 

1.1 study problem  

As companies look to improve the efficiency of their air conditioning systems, they're developing 

new technology that's designed to use less energy. This new type of system, known as a variable 

refrigerant flow, was first introduced in Japan during the 1980s. This type of system uses a combination of 

electronic expansion valves and a variable speed compressor to control the flow of refrigerant. It can be 

connected to an outdoor unit through a refrigeration circuit. There is currently a wide range of VRF types 

available on the market. A heat pump VRF system uses a combination of heat pump and a heat recovery 

VRF system to provide both heating and cooling at the same time. The outdoor unit can either be water-

cooled or air-cooled. The main component of a VRF system is a scroll compressor. The advantages of this 

type of system are its compact size and flexibility, as well as its ability to provide a high degree of 

comfort.(Zheng et al., 2019) 

In Egypt , the adoption of variable-speed air conditioning systems is increasing due to their 

energy-efficient features. The increasing number of commercial establishments that are looking to 

improve their energy efficiency is also driving the growth of the global market for VRF systems. In Europe 

and Asia, the adoption of VRF air conditioning systems is also growing. In Japan, approximately 50% of 

commercial buildings and 33% of large buildings use the system. In the European Union, there is a 

growing demand for retrofit opportunities that are related to the lack of air conditioning in existing 

buildings. 

Despite the growing popularity of VRF air conditioning systems in the US, manufacturers are still 

looking for joint ventures or partnerships with American companies(Pérez-Lombard et al., 2011). The 

increasing number of computational simulations being conducted on the design and operation of air 

conditioning systems has been instrumental in the development of studies on the efficiency of this type of 

system. These programs are used in collaboration with other sustainable development initiatives, such as 

building labeling programs in Egypt . 

1.2 study objective  

The goal of this paper is to review the latest developments in cooling technology and identify 

strategies that can help lower the system's kW-R ton from 0.9 to 0.6. It also covers the energy efficiency of 
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various components. These innovations can provide practical solutions and address specific needs. The 

paper reviews the latest developments in air conditioning systems and discusses strategies that can help 

reduce the system's energy consumption. In addition, it explores the development of intelligent air control 

techniques. 

1.3 study methodology  

This paper reviews the latest innovations in cooling technology and discusses strategies that could 

help lower the cooling system's kW/R ton from its current level of 0.9 to 0.6. The paper is divided into 

three sections, and the first one focuses on the energy efficiency of the devices at the component level. 

2. VAV system   

The rise of heat exposure is one of the main effects of climate change, according to the 

Intergovernmental Panel on Climate Change (IPCC). There is also evidence of negative effects of 

environmental heat on health. Although heat exposure is a major concern in subtropical and tropical 

climates, it is also a risk factor for mortality in higher-than-normal temperatures. Some studies have shown 

that in hotter regions, such as the Mediterranean, heatwaves can lead to deaths(Hurnik, 2016). 

Urban heat exposure is a particular issue in large cities due to the phenomenon known as the UHI 

effect. Also, areas with high population growth and urbanization are more prone to experiencing hot 

climates. In order to protect individuals from heat exposure and reduce their stress levels, air conditioning 

is commonly used. This type of system can provide comfort and prevent people from experiencing health 

problems related to heat exposure(Yan et al., 2019). 

Despite the various advantages of air conditioning, it is still important to consider the social, 

material, and discursive aspects of this type of system. In (Randazzo et al., 2020) analyzed the various 

problems that emerged when the widespread use of AC was first introduced. He criticized the approach 

taken by some researchers who believe that AC is the most effective solution to prevent heat exposure. 

Other research such as those conducted by Anderson and Bell, Bouchama, and Whitman also found that 

this type of system is not beneficial. 

Recent studies on the performance of VRF systems have been conducted. These models are 

available in various online platforms such as EnergyPro, eQuest, and Trace700. In 2020, studies on the 

simulation of the different configurations of VRF systems have been carried out in EnergyPlus. These 

studies focused on the air-cooled, water-cooled, and heat recovery systems.(A et al., 2020; Delavari et al., 

2020) 

In addition, field studies have been carried out to evaluate the effectiveness of VRF systems. In 

2018, EnergyPlus released the first version of its software that used a validated system curve-based model 

for modeling VRF systems.(Li & Jeong, 2018; Lundgren-Kownacki et al., 2018) 

The results of the 2018 study on the validated VRF model were compared with those of a 2008 

study conducted by Zhou and colleagues. In 2019, a second model based on the physics was released as 
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part of EnergyPlus' version 8.4. This model, which is known as the VRF-FluidTCtrl, was validated by Hong 

and colleagues(Ng et al., 2019). 

According to studies, the advantages of VRF systems over VAV systems are their lower energy 

consumption and better partial load efficiency. In 2019, a study was conducted on the cooling efficiency of 

an office building in Shanghai. The researchers found that the air-cooled systems could reduce the energy 

consumption of the building by up to 22%(Lundgren & Kjellstrom, 2013). 

In 2019, a study was conducted on a building using a VRF system and found that it operated for 

about 80% of the time(Zheng et al., 2019). In 2017, another study was carried out on the same building 

and found that the air-cooled system was more energy-efficient than the water-cooled one(Pang et al., 

2017). 

The study revealed that the energy consumption of a VRF system was significantly lower than that 

of a VAV system during June and July. In 2011, (Yuan et al., 2011)conducted a similar study in three 

different office buildings in Maryland, USA. 

A third study conducted in 2016 revealed that the energy consumption of a VRF system was 

between 27.1% and 57.9% of that of a central VAV system. The study was conducted on five office 

buildings in China. The researchers used site surveys and field measurements to analyze the operation of 

the systems(Zheng Yang et al., 2016). 

In a study conducted in 2017, the researchers discovered that VRF systems are more energy-

efficient than a VAV system when it comes to operating in 16 US climate zones. The researchers noted that 

the energy savings of the systems vary depending on the climate zone. The energy savings of VRF systems 

are higher in mild and hot climates as opposed to cold regions due to their heating energy consumption. 

According to the studies, the acceptable system design combination ratio (CR) for VRF equipment is the 

ratio of the indoor units' capacity to that of the outdoor units(Ma et al., 2017). 

3. climate change effect on cooling energy 

In 2002, it was estimated that about 33% of global greenhouse gas emissions were caused by 

buildings. The rising concern about the use of energy has become a major issue in the global community. 

The IPCC has been instrumental in disseminating information about the effects of climate change on the 

environment. Its reports have also highlighted the importance of understanding the building energy use 

characteristics.Although most buildings are expected to have long lifespans, it is still important to 

understand how they will respond to climate change and its effects on their energy consumption. Climate 

change is known to have a significant effect on the cooling energy requirements of buildings. In this 

section, the study will discuss the various factors that have been identified as contributing to this issue(Li & 

Jeong, 2018). 

 (Randazzo et al., 2020) modeled the energy demand of residential buildings in different regions 

around the world in response to climate change. They found that the residential sector's energy 

consumption for air conditioning would increase significantly over the 2000 to 2100 period. In 2000, it 
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was estimated that the global energy consumption for air conditioning would reach about 300 TW h. By 

2050, it is expected that the consumption of this energy will reach 4,000 TW h. 

Based on their study, the energy demand of residential buildings in South Asia could increase by 

about 50% as a result of climate change. In  (Cho et al., 2015) noted that various studies in the US revealed 

that the energy requirements of commercial buildings could increase due to climate change. 

In the US, studies revealed that the energy consumption of commercial buildings is less affected 

by climate change than that of residential buildings. For instance, in 1995, Rosenthal and colleagues found 

that the energy consumption of residential buildings increased by 20% as a result of global temperature 

increases. On the other hand, commercial buildings' energy consumption went up by only 15%. Scott and 

colleagues noted that the energy requirements of commercial establishments could increase by about 9.4 

to 15% per 1 C. On the other hand, for residential customers, the energy consumption of this sector could 

go up by 12 to 20% per 1 C. In 2006, Huang noted that the cooling energy consumption of buildings could 

increase by 17% in 2020 as a result of a 1.7 degree Celsius temperature increase(Lundgren & Kjellstrom, 

2013; Yan et al., 2019). 

Building energy models indicated that the energy consumption of cooling systems would increase 

by about 10% to 15%. In 2006, Huang looked into the cooling energy consumption of houses under 

different climate change scenarios. Through his study, he was able to gain a deeper understanding of how 

climate change would affect the energy usage of buildings in the US by 2020. 

In New Orleans and Miami, for instance, the cooling energy consumption of single-family houses 

was expected to go up by about 20%. In the US, regions such as San Francisco, Chicago, and Boston were 

expected to see a significant increase in their cooling energy usage. A different study conducted in 

Switzerland revealed that the country's climate change could cause the annual cooling energy 

consumption of commercial establishments to increase by about 20%. He noted that the internal heat 

gains of office buildings could increase by up to 50%. 

In Australia, a study conducted by Wang and colleagues looked into the effects of climate change 

on the energy consumption of residential houses in different regional climates. They utilized key regions 

such as Darwin, Alice Springs, Hobart, Melbourne, and Sydney to study the varying climate conditions. 

The researchers found that the energy requirements of residential houses in different climate conditions 

were higher than those of commercial establishments. For instance, in a warm or hot climate, such as in 

Alice Springs, the energy requirements of cooling systems were more than those of heating 

systems(Lundgren & Kjellstrom, 2013). 

The researchers(Lundgren-Kownacki et al., 2018; Naves et al., 2021) noted that the annual energy 

requirement of new residential houses would increase from 61% to 103% by 2050 and then to 112–

150% by 2100. One interesting aspect of the study is that houses with higher energy star ratings would 

not experience an absolute increase in their energy requirement. However, the researchers noted that the 

energy requirements of houses in different climate conditions were higher than those of commercial 
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establishments. For instance, in Sydney, the energy requirements of a seven-star house are expected to 

increase by up to 120%. 

Several studies have been conducted on the cooling energy consumption of residential buildings 

in subtropical climates(Li & Jeong, 2018; Naves et al., 2021). In one study, the researchers noted that under 

the effects of climate change, the annual cooling load of houses in these regions would increase from 6.1 

to 9.8 percent from 2009 to 2100(Lundgren & Kjellstrom, 2013). The researchers came up with a number 

of pragmatic mitigation strategies that can help improve the energy efficiency of buildings. These include 

increasing the indoor temperature, using double glazing, and installing thermal insulation. They noted that 

this method can be easily applied to both new and existing buildings. 

4. Innovative air conditioning system designs 

4.1 Energy efficient systems  

The objective of improving ventilation and developing more energy-efficient building HVAC 

systems is to develop and demonstrate pragmatic solutions that can provide high-quality ventilation while 

also promoting better health. 

High occupancy spaces are typically the most energy-consuming areas in a building, and 

ventilation is a vital component of this process. It is therefore important that the design of ventilation 

systems is geared toward improving their energy efficiency and ensuring that the air quality is good. There 

are many factors that come into play when it comes to providing adequate ventilation to people and 

buildings, and it is clear that a lack of ventilation can have detrimental effects on their health. This is why it 

is important that the government and private sectors work together to develop and promote energy-

efficient systems(Kim et al., 2020). 

This section looks at some of the latest smart and novel ventilation devices and systems that are 

designed to provide a holistic solution. Numerous studies have been conducted on the link between 

ventilation rates and various health outcomes, such as respiratory illnesses, sick building syndrome, and 

absence rates. Some studies have also used indoor CO2 concentrations to determine the effect of 

ventilation on the perceived air quality. Most of these studies found that the lower the ventilation rate, the 

worse the health outcomes(Davis & Gertler, 2015). 

There has been a lot of research indicating that decreasing ventilation rates below 20 CFM per 

Occupant can have detrimental effectsas showed in figure 1. Studies also suggest that increasing rates 

above 20 CFM can help improve the health of occupants. In the new-age era, it is important that the 

design of air conditioning systems accounts for the quality of the indoor air. Besides being energy-efficient, 

ventilation design should also consider minimizing the potential health effects of air borne illnesses(Cheng 

Jung Yang et al., 2019). 

A recent study revealed that it is feasible for HVAC systems to consider designing systems that can 

improve their energy efficiency and air quality. The method utilized in this study defines a control strategy 
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that can be used to manage the outdoor air quality in buildings. The study was conducted on a 

multivariable and monovariable model. This strategy can help VAV systems identify potential faults. It can 

also reduce the introduction of other harmful pollutants into the air(Xue et al., 2020). 

 
Figure 1 VAV system  

The study conducted by Zhang et al. analyzed the effects of different types of ventilation on the 

energy performance of buildings. They were divided into three categories: stratum, displacement, and 

mixing. The results indicated that the former performed better than the latter when it came to reducing the 

transmission loads and improving the efficiency of the building. 

The energy savings that can be achieved by implementing this strategy can be substantial. For 

instance, it can reduce the annual energy consumption of a building by around 25%.A study was 

conducted in China to analyze the energy efficiency of a variable-air-side economizer system. It was 

divided into two types of systems: a temperature-based cycle and a enthalpy-based system. The study was 

conducted in an office building that was exposed to six typical Chinese weather conditions as showed in 

figure2 (Lee & Tsai, 2020). 

The researchers discovered that air economizers perform better in outdoor environments with hot 

and humid climates than in climates with dry and cold weather conditions. The study revealed that the 

higher the indoor set-point temperature, the better the performance of the two air-economizer 

systems.When combined with demand control, this strategy can be considered an energy-efficient and 
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reliable method. A study was conducted in two schools in Norway with DCDV-CO2. During daytime 

operation, the system was able to reduce the air volume by 75% as compared to the CAV. The 

implementation of the DCDV-CO2 system during the daytime was able to reduce the building's energy 

consumption by up to 21%. In addition, the system was able to reduce the unrecovered heat in the 

ventilation air by 54%(Monteiro et al., 2020). 

An optimal air-conditioning system design can be carried out in different zones by implementing 

model-based strategies that involve the total energy consumption, indoor air quality, and thermal comfort. 

The first strategy focuses on optimizing the flow rate of fresh air. The strategy involves using the fresh air 

from the ventilation zones based on their occupancy. Another method is to optimize the temperature 

control of the critical zones. This will help reduce the overall fresh air intake from the outdoors and 

improve the building's energy efficiency(Cho et al., 2015). 

 

 

 

 

 

 

 

Figure 2Inverter technology saves energy by up to 50%, 

The second strategy is based on a cost function that takes into account the thermal comfort, total 

energy consumption, and indoor air quality. The third strategy uses a genetic algorithm to improve the 

temperature set point in critical zones. Through the integration of these three strategies, a building can 

achieve an optimal thermal comfort and environmental impact. The control system for variable-air-

conditioning systems commonly has multi-control loops. When multiple control loops are working at the 

same time, they can affect each other. In order to minimize the interference between these control loops, 

Wang and Wang have designed a compensation unit that is designed to provide a decoupling effect(Piselli 

et al., 2020). 

The results of the experiments revealed that the combined effect of the genetic algorithm and the 

feed-through compensation resulted in a significant improvement in the performance of a variable-air 

system. The various factors that affect the performance of a building's ventilation system are interrelated. 

These include the energy consumption of the system, the effects of ventilation on the people, and the lack 

of proper ventilation in classrooms. It is therefore important that the building's ventilation system is 

equipped with highly energy-efficient equipment. 



Energy efficiency of conventional air conditioning systems…                                                                                   Ghaith 
 

89 

4.2 Energy efficient dehumidification systems 

A standard imported air conditioner can work in both winter and summer conditions. In many 

tropical countries, the average annual relative humidity is around 85%. In hot and humid climates, air-

conditioning can handle both the latent and sensible loads of cooling space. The proper dehumidification 

and cooling of air are necessary to ensure the comfort of people. In most cases, the removal of both the 

sensible and latent heat loads is accomplished through the flow of moist air and the interaction with a 

cooling coil(Xue et al., 2020). 

The surface temperature of a cooling coil is very important in determining the energy 

consumption of a unit. Raising this temperature can significantly reduce the unit's energy consumption. 

Another method of reducing the cooling energy is by removing moisture from the air using desiccants. 

Although there are various forms of energy that can be used to regenerate the desiccant, the reduction in 

energy consumption by this process over that of refrigeration is more significant. In this section, the study 

will talk about the latest advances in air dehumidification technology. 

A theoretical study was conducted on the design and performance of a solid desiccant that can be 

used as a working desiccant in an air dehumidification system. The components used for the study 

included spherical silica gel particles with an average diameter of 3 millimeters.According to studies, the 

dehumidification period for a hollow-shaped bed can be extended to 15 minutes with a diameter ratio of 

7.2. This period can increase with the passage of less air flow rates and the smaller diameter of the 

bed(Xue et al., 2020). 

The results of the study revealed that the bed's adsorption capacity increased during short 

operation periods. This study allowed the design engineer to determine the optimal energy consumption 

of the system. In the past few years, the use of liquid-desiccant has been widely used as a dehumidification 

method that can use less energy. Due to the emergence of new energy-efficient systems, the conventional 

mode of dehumidification has been modified. 

A hybrid air conditioner that incorporates liquid lithium chloride for dehumidification has shown 

a significant improvement in its performance when compared to other systems. In another study, 

researchers have found that combining calcium nitrate and calcium chloride solutions in various weight 

combinations can improve the performance of the system. The results of the study indicated that when a 

mixture of 20% calcium nitrate and 50% water chloride was mixed, the desiccant produced a higher vapor 

pressure depression than that of other solutions. The vapor pressures achieved by this mixture at various 

temperatures were 14.7, 20, 6, 34.4, and 48.3. 
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Figure 3 A hybrid air-conditioning system 

Results and discussion  

A properly functioning air conditioning system can help maintain the comfort levels of people in 

their homes and workplaces, especially when it's hot and humid. In addition to cooling, air conditioning 

also dehumidifies the air in a building. In tropical climates, where the energy consumption of buildings is 

higher than 50%, air-conditioning, ventilation, and heating can account for more than 50% of total 

building energy usage. This is mainly due to the heavy duty cooling technologies that are used to remove 

both latent and sensible heat loads. Today's modern chiller plants are equipped with various components, 

such as compressors, cooling towers, pumps, and fans. These components work together to provide a 

cooling effect to a building(A et al., 2020; Xue et al., 2020). 
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Figure 4 Thermoelectric Cooling 

The various components of an air conditioning system are mainly responsible for their energy 

usage. When it comes to monitoring the cooling efficiency of a plant, two levels of monitoring are 

involved. One is the efficiency of the equipment, such as the chillers and the compressors, and the other is 

the overall efficiency of the plant's cooling towers and other components. A holistic approach to 

optimizing a cooling plant's energy usage can help achieve a low energy input. This can be achieved 

through the use of various components and techniques(Andrade et al., 2021; Pérez-Lombard et al., 2011). 

This paper presents a review of the latest innovations in the cooling industry that could help lower 

the energy consumption of a cooling system by up to 0.6 kW/R ton. The paper also explores the various 

strategies and technologies that are designed to enhance the efficiency of a cooling system's components. 

This paper reviews the latest innovations in air conditioning systems that can help reduce their energy 

consumption. It also explores the development of smart chiller sequencing techniques and intelligent air 

control strategies. The paper presents an overview of the various innovations that have been developed to 

help improve the efficiency of air conditioning systems. Some of these have been extensively studied and 

are currently being used on a larger scale. 

Conclusion  

A comprehensive review of the literature on the various aspects of cooling technologies and their 

energy-efficient applications has been conducted. The findings of this study are used to identify the main 

advantages of these systems and their control methods. Through the literature review, the study were able 

to show how various efforts have been made to improve the energy efficiency of air conditioning. For 

instance, through the use of dehumidification, it has been observed that the energy efficiency of air 

conditioning has been increased by 33%. On the other hand, through the use of better compression 

technology, it has been observed that the COP has been improved by 20%. In addition to these, intelligent 

air flow control methods can also help improve IAQ. One of the most important factors that can contribute 
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to the reduction of energy consumption in cooling systems is the effective dehumidification process. This 

process can help remove the moisture of air from the air. According to a study, a liquid-based 

dehumidification system that combines lithium chloride with an air conditioning system can improve the 

COP values by up to 20%. 

In this paper, the study discuss the various types of renewable energy-assisted air-conditioning 

systems that are designed to provide cooling. These systems are capable of feeding waste heat as a fuel for 

their operation. From a practical perspective, these types of systems can excel when there is a readily 

available supply of high-grade waste heat. In sunny and hot climates, solar energy can also be a good 

source of heat. When a cooling system is integrated with a prime-mover, it can create a trigeneration or 

cogeneration system. This type of system can be regulated in order to meet the specific needs of its users. 

In addition to producing more than one vital output, such systems can also realize a combined electrical 

and thermal efficiency of more than 70%. 

This article presents promising methods that can help improve the energy efficiency of air 

conditioning. Some of these include the use of intelligent air flow control strategies and the development 

of smart sequencing of chiller operations. These systems can reportedly achieve a performance 

improvement of up to 0.75 kW/ton. Due to the increasing number of innovations in the field of cooling 

technology, it is important to keep in mind that there is no single strategy or technology that can achieve 

the lowest energy consumption per R ton. Instead, a combination of various strategies and technologies is 

often needed. 

A holistic approach is needed to reach new energy-efficient targets. This can be achieved by 

considering the plant's needs and practicality. Although some of the innovations presented in this article 

are still in their early stages of development, the study believe that they will eventually be used instead of 

traditional systems. These strategies and technologies can help reduce the energy consumption of air 

conditioning units and improve the comfort levels of people living in urban areas. 
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