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Abstract: The hybrid indirect evaporative cooling-mechanical vapor compression (IEC-MVC) pro-

cess is deemed a promising cooling system for hot and humid areas. It possesses the merits of high 

energy efficiency and strong capability of temperature and humidity control. Herein, we provide 

an overview of the state-of-the-art investigations over different aspects of the hybrid IEC-MVC pro-

cess. Firstly, we evaluate the potential of IEC as a pre-cooler and heat-recovery device. Then, we 

compare the energy efficiency of IEC-MVC with standalone MVC and summarize its long-term en-

ergy-saving potential under specific weather conditions. Subsequently, we discuss the economic 

viability and water consumption of the hybrid process. These studies form a solid foundation for 

the future installation of the IEC-MVC system. 

Keywords: indirect evaporative cooling; mechanical vapor compression; pre-cooling; energy recov-

ery; long-term energy-saving potential; water consumption 

 

1. Introduction 

The requirement for better indoor thermal comfort has been increasing due to the 

desire for higher living standards [1]. Consequently, air-conditioning (AC) has become a 

basic demand in daily life. In hot regions like the Gulf region, AC has always been a part 

of the life cycle [2]. For other regions with moderate climate conditions, the demand for 

AC is also increasing rapidly due to climate change [3,4]. The high demand for AC results 

in substantial amounts of energy consumption. It is projected by the International Energy 

Agency (IEA) that the electricity consumption for AC will grow by 3–6 times by 2050, 

approaching 6000 TWh [5,6]. 

The most widely used AC technology is based on the mechanical vapor compression 

cycle (MVC). The merits of MVC include high technology maturity, high robustness, and 

low costs. However, the specific energy consumption of MVC has stagnated at 0.85 ± 0.02 

kW/Rton for a few decades, and further improvement in energy efficiency is becoming 

more and more difficult [2,7]. Other novel technologies like absorption and adsorption 

chillers have also emerged, but they are energy intensive and are only competitive in 

places with waste heat [8–11]. With the objectives of reducing energy consumption and 

carbon emission, the industry has a strong motivation to develop more sustainable AC 

technologies. 
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The indirect evaporative cooler (IEC) is deemed a promising alternative to MVC in 

cooling applications [12]. It uses water evaporation as the driving force for cooling and 

requires little energy input. The energy efficiency of IEC, expressed as the coefficient of 

performance (COP), is several times higher than that of MVC [13]. Other merits of IEC 

include simplicity of design and operation. In the past few decades, IEC has been the sub-

ject of great research interest. Comprehensive reviews of the most recent advances of IEC 

are widely available in the literature [14–17]. 

Despite the great potential for energy saving, IEC has some intrinsic limitations. 

Firstly, its performance degrades severely with increasing ambient humidity, making it 

unsuitable for humid areas. Secondly, IEC is a passive cooler and has little control over 

supply air conditions. To overcome these limitations, recent research efforts have focused 

on the integration of IEC with MVC. The hybrid process combines the advantages of both 

systems and is applicable in most climatic conditions. Experimental and theoretical stud-

ies on the hybrid IEC-MVC process have been reported by many researchers, and several 

review papers on IEC (e.g., [15]) have also mentioned IEC-MVC hybridization in specific 

sections. However, there exists no systematic summarization and analysis of the existing 

research efforts. Moreover, several key aspects of IEC-MVC are missing in the existing 

reviews, such as water consumption and economic viability. 

This paper is intended to provide a comprehensive review of recent studies of the 

hybrid IEC-MVC process. The working principles of IEC and IEC-MVC will be introduced 

first. Then, existing efforts on IEC-MVC will be summarized in three aspects, namely, (i) 

evaluating IEC as a pre-cooler and heat-recovery device, (ii) comparing the energy effi-

ciency of IEC-MVC with standalone MVC, and (iii) predicting the long-term energy-sav-

ing potential of IEC-MVC in specific weather conditions. Afterward, the economic viabil-

ity and water consumption of IEC-MVC will be discussed. Finally, key conclusions and 

future perspectives will be presented. 

2. Working Principles of IEC 

A conventional IEC consists of alternating dry and wet channels, as shown in Figure 

1. Water is supplied to the wet channels and contacts with the working air (3). Due to the 

difference in moisture content between the sprayed water and the working air, water 

evaporates and cools the channel plates. Meanwhile, the product air (1) passes through 

the dry channels and is cooled by the plate through convective heat transfer. A schematic 

illustration of this process in the psychrometric chart is also provided in Figure 1. During 

the cooling process, there is no moisture added to the product air, and the supply air tem-

perature (2) can approach the wet bulb temperature of the working air. 
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Figure 1. Working principle of IEC and its psychrometric chart illustration. 

To achieve lower product air temperature, two variations of IEC have been proposed, 

namely, regenerative indirect evaporative cooler (RIEC) [18,19] and Maisotsenko-cycle 

(M-cycle) cooler [20,21], as shown in Figure 2. Both configurations split a portion of the 

cooled air from the dry channels to the wet channels. In RIEC, air split happens at the exit 

of the dry channels (2), while in an M-cycle cooler, air split happens in several locations 

along the channels (a–e). Due to the pre-cooling of working air in the dry channels, its wet 

bulb temperature is reduced, and the product air (2) has the potential to approach the dew 

point temperature of the inlet air (1). 

  

  

(a) (b) 

Figure 2. Working principles and psychrometric chart illustrations of (a) RIEC and (b) M-cycle 

cooler. 
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Most IECs are flat-plate heat exchangers with cross-flow, counter-flow, or hexagon 

configurations [22–24]. Several novel configurations have also been proposed, such as tub-

ular IEC [15,25] and heat-pipe IEC [26,27]. Other efforts to improve IEC performance in-

clude adding internal structures [28–32] and exploring new materials [33–36]. However, 

the performance of IEC is still limited by the outdoor air humidity, and the desired tem-

perature cannot be achieved if the ambient humidity is high [37]. To overcome such a 

limitation, several researchers have integrated dehumidifiers (including liquid desiccant 

[38–40] and desiccant wheel [41,42]) with IEC. As illustrated in Figure 3, the moisture con-

tent of the air is first removed by the dehumidifier, and then the dry air is cooled to the 

desired temperature using IEC. The combined desiccant dehumidifier + IEC system was 

found to be 10–18% more energy efficient than the traditional mechanical chiller [43], but 

the energy efficiency is not as promising as the standalone IEC [44]. The main reason is 

that most dehumidifiers are energy-intensive and their COPs are usually lower than 1 

[45]. 

 

Figure 3. The combined desiccant dehumidifier + IEC system (a) front view of stacked channels, and 

(b) top view of a single channel pair. Reprinted with permission from Ref. [40]. Copyright 2016, 

Elsevier. 

3. Hybrid IEC-MVC Process 

To achieve better cooling performance, the hybridization of IEC with MVC has been 

proposed. A schematic chart of the hybrid process is shown in Figure 4 [46]. In this hybrid 

configuration, the outdoor air is first pre-cooled by the IEC, and then it is further pro-

cessed by MVC to achieve the desired temperature and humidity. The exhaust air from 

the indoor conditioned spaces is usually supplied to the wet channels as the working air 

to recover the cold energy. Therefore, IEC functions as both the pre-cooler and the energy 

recovery device. The advantages of the hybrid IEC-MVC process are very obvious. It com-

bines IEC’s high energy efficiency and MVC’s capability of temperature and humidity 

control, making it applicable in different climatic conditions. Therefore, it is considered 

the most promising cooling technology and has become the subject of great research in-

terest. 
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(a) 

 
(b) 

Figure 4. The hybrid IEC-MVC process: (a) schematic and (b) psychrometric chart demonstration 

[46]. 

In the following subsections, the potential of IEC as a pre-cooler and heat-recovery 

device will be evaluated first. Then, the energy efficiency of IEC-MVC will be compared 

with that of standalone MVC. After that, the long-term energy-saving potential of IEC-

MVC will be discussed under specific weather conditions. 

3.1. IEC for Pre-Cooling and Heat Recovery 

Following previous studies on IEC, it is easy to evaluate IEC as a pre-cooler of MVC 

and an energy-recovery device. The main difference of the IEC pre-cooler is that conden-

sation may occur in the dry channels. To capture this unique feature, Chen et al. [37,47,48] 

developed a simplified analytical model for IEC considering different condensation states 

in the dry channels, namely, non-condensation, partial condensation, and total condensa-

tion. Non-condensation occurs when the plate surface temperature is always higher than 
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the dew-point temperature of the product air, while total condensation occurs when the 

plate temperature is lower than the dew-point temperature. The partial condensation state 

happens when the outdoor air is initially unsaturated but gradually cools to below the 

dew point temperature. The schematics of the three condensation states are illustrated in 

Figure 5. The authors first modified the heat transfer coefficient and specific heat capacity 

to extend their applicability to wet surfaces. Then, a method for judging the three conden-

sation states was established. Finally, the electricity consumption of fans and pumps was 

modeled for evaluating energy efficiency. 

 

(a) (b) (c) 

Figure 5. Schematic diagrams of IEC under different condensation states: (a) non-condensation, (b) 

partial condensation, and (c) condensation. Reprinted with permission from Ref. [48]. Copyright 

2015, Elsevier. 

To better describe the condensation situations, Zheng et al. [49] developed a two-

dimensional cross-flow IEC model considering condensation. The model was solved us-

ing the finite element method, and heat and mass transfer coefficients were assumed to be 

constant. A test rig with visualized air channels was developed to validate the model, as 

shown in Figure 6. The results revealed that condensation is more likely to occur near the 

outlet of the dry channels. Up to 30% of the moisture was removed in the dry channels, 

and the condensation heat reached 3.9 kW. 
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Figure 6. IEC test rig with visualization channels: (a) schematic diagram, and (b) pictorial view. 

Reprinted with permission from Ref. [49]. Copyright 2019, Elsevier. 

You et al. [50] developed a three-dimensional numerical model for a cross-flow plate 

IEC. The effects of the mass transfer time relaxation parameter on supply air temperature 

and humidity were tested first, and a fitting equation was developed based on the testing 

results. The fitting equation was then employed in a three-dimensional model to predict 

IEC performance, and the error was observed to be within ±10%. 

In addition to the abovementioned analytical models, other approaches have also 

been proposed. For example, Pandelidis et al. [51] established an ε-NTU model to evaluate 

the heat and mass transfer in a heat-recovery IEC. The balances of heat and mass were 

calculated using ordinary differential equations, and the model was solved using the finite 

element method. In each element, the air temperature was compared with its dew point 

temperature at each iteration step to determine whether condensation occurs. In another 

study, a statistical model was developed to study IEC as an energy-recovery device [52]. 

The flow chart for model development is illustrated in Figure 7. Numerical simulations 

were first carried out to generate data under different operating conditions. The data were 

used to train a decision model that identifies the occurrence of condensation. Afterward, 

a two-level factorial design was performed to develop correlations to predict IEC perfor-

mance under different condensation states. The model predicted the wet-bulb efficiency 

within 9.52% errors. 
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Figure 7. Flow chart for developing a statistical IEC model. Reprinted with permission from Ref. 

[52]. Copyright 2019, Elsevier. 

Based on the developed models, the energy-saving potential of using IEC as a pre-

cooler was evaluated. For example, Cui et al. [53] estimated a RIEC as a pre-cooling device 

of MVC under humid outdoor conditions. The outdoor air temperature varied between 

30 and 35 °C, and the relative humidity was 70–90%. The outdoor air temperature can be 

reduced by 7.2–11.7 °C, and the air humidity ratio also decreases by 2.9–11.6 g/kg. The 

RIEC handles 35–47% of the total cooling load from the outdoor humid air, and the en-

ergy-saving potential is significant. 

Experimental studies on IEC as a pre-cooler have also been conducted. Chen et al. 

[46] tested a hexagon IEC as an energy-recovery device from room exhaust air. The out-

door temperature and humidity ranges were 30–42 °C and 13–20 g/kg, respectively, while 

the room air condition was 23 ± 1 °C and 11 ± 1 g/kg. Under the operating conditions 

considered, the outdoor air temperature and humidity ratio can be reduced by 6–15 °C 

and 0.5–4 g/kg, respectively. To quantify the energy recovery performance, a parameter 

named effectiveness of enthalpy recovery was introduced, which is expressed as 

� = min {
ℎ� − ℎ�

ℎ� − ℎ�,�

,
ℎ� − ℎ�

ℎ�,� − ℎ�

} (1)

The subscriptions refer to the locations illustrated in Figure 4. ℎ�,�  represents the 

minimum enthalpy that can be achieved by the outdoor air, i.e., it reaches the same tem-

perature as the room air. Similarly, ℎ�,� is the theoretical maximum enthalpy of the purge 

air and is achieved when the purge air reaches the outdoor air temperature and its RH is 

100%. Based on the test data, the effectiveness was correlated to the main operating pa-

rameters (outdoor temperature and humidity, room air temperature and humidity, and 

air flowrates): 

� = 0.416 − 5.81 × 10����� + 4.65 × 10����� + 1.42 × 10����� − 5.65 × 10����� + 7.49 × 10��
�̇��

�̇��

 (2)

From these research efforts, the potential of IEC as a pre-cooler and energy-recovery 

device has been demonstrated. Such potential provides strong motivations for further 

studies into the hybrid IEC-MVC process, which will be discussed in the next subsection. 

3.2. Comparison with Standalone MVC 

After the potential of IEC as a pre-cooler was demonstrated, the hybrid IEC-MVC 

system was commissioned and tested. Chen et al. [54] developed a 1-Rton IEC-MVC unit 

at King Abdullah University of Science and Technology (KAUST). As shown in Figure 8, 

the unit consists of a hexagon IEC and an MVC chiller that are connected in series. Tests 

were conducted at outdoor temperature ranges of 30–40 °C and humidity ranges of 10–20 

g/kg. The final supply air temperature can be regulated over a wide range by changing 

the compressor frequency and the air flowrate. Such temperature control capability can 

never be realized using IEC alone. The COP of the hybrid process was 15–35% higher than 

the standalone MVC under the same conditions. Based on the test results, an empirical 

model was developed for quick estimation of IEC-MVC performance. 
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Figure 8. Pilot IEC-MVC unit at KAUST. Reprinted with permission from Ref. [54]. Copyright 

2022, Elsevier. 

Similar efforts were reported by Delfani et al. [55], who connected an IEC unit with 

a packed-unit air-conditioner (PUA). Two air simulators were employed to simulate the 

outdoor and indoor conditions, as shown in Figure 9. The system was tested under tem-

perature and humidity ranges of 27–45 and 2–16 g/kg, respectively, which covers the 

weather conditions of four major cities in Iran (Tehran, Bam, Tabas, and Yazd). IEC was 

observed to handle 75% of the cooling load, and the electricity can be reduced by up to 

55%. 

 

Figure 9. Experimental setup of hybrid IEC-PUA system. Reprinted with permission from Ref. 

[55]. Copyright 2019, Elsevier. 
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In addition to regular IEC, the M-cycle was also integrated with MVC. Zanchini and 

Naldi [56] evaluated the energy-saving potential of using an M-cycle cooler as a pre-cooler 

of MVC. The hourly needs of cooling and dehumidification in a real office building in 

Milan were considered during July and August. Two configurations were considered: one 

using M-cycle cooler to pre-cool the outdoor air and the other using M-cycle cooler to cool 

recirculated air. The latter configuration, as shown in Figure 10, demonstrated better per-

formance, and the total electricity was reduced by 38%. 

 

Figure 10. Hybrid RIEC-MVC system using RIEC to treat recirculated air. Reprinted with permis-

sion from Ref. [56]. Copyright 2019, Elsevier. 

The abovementioned studies verified the energy-saving potential of the hybrid IEC-

MVC process. However, most results are limited to the lab scale with fixed operating con-

ditions, and the actual savings over the whole year requires further validation, which will 

be addressed in the next subsection. 

3.3. Long-Term Performance Prediction 

As the energy saving of IEC-MVC is highly dependent on climatic conditions, it is 

needed to consider long-term operation. Chen et al. [15,57] evaluated the seasonal perfor-

mance of a hybrid IEC-MVC in a wet market in Hong Kong. As the air in the market 

contains moisture and smell, it cannot be reused and 100% fresh air (5112 m3/h/AHU) has 

to be considered. The annual electricity savings is predicted to be 70,000 kWh, as com-

pared to 40,000 kWh for the rotating wheel. Based on the test data, a mathematical model 

was developed and validated, and then annual simulations were conducted for eight se-

lected cities in southern China (Haikou, Shantou, Hong Kong, Nanning, Guangzhou, Fu-

zhou, Changsha, and Wenzhou) [58]. The annual energy savings ranged from 14.4% to 

26.4%. 

Duan et al. [59] evaluated a hybrid RIEC-MVC system for an office building in Bei-

jing. As shown in Figure 11, the room return air is mixed with the outdoor air and then 

supplied to the RIEC dry channels. After pre-cooling, the air is split into two streams: one 

is further cooled in the evaporator and supplied to the room, and the other is firstly di-

rected to the wet channels as the working air and then passes through the condenser to 
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remove condensation heat. A dynamic model is developed using EnergyPlus, and the an-

nual system performance was evaluated under the weather conditions of Beijing. An en-

ergy saving of 38.2% was observed. 

 

Figure 11. Schematic of RIEC-MVC system. Reprinted with permission from Ref. [59]. Copyright 

2019, Elsevier. 

Chen et al. [54] evaluated a 1-Rton IEC-MVC unit under the climatic conditions of 

Saudi Arabia. To quantify the need for cooling and dehumidification, two parameters 

were introduced, namely, cooling degree hours (CDH) and dehumidifying gram hours 

(DGM). The former accumulates the annual need for cooling on an hourly basis, while the 

latter adds up the hourly need for dehumidification: 

��� = �(����� − 18°C)  �ℎ�� � > 18°C (3)

��� = �(����� − 9 g/kg)  �ℎ�� � > 9 g/kg (4)

Analytical results revealed that IEC-MVC shows the maximum energy savings in hot 

and humid cities that have high CDH and low DGM, and up to 40–60% of energy saving 

was observed. 

Cui et al. [60] theoretically evaluated the energy-saving potential of IEC-MVC under 

the design conditions of five cities, as summarized in Figure 12. Hourly simulations 

demonstrated significant energy savings for the hybrid system when treating outdoor air: 

38% for Singapore, 49% for Cairo, 47% for Florence, 45% for Athens, and 35% for Xi’an. 
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Figure 12. Hourly average (a) temperatures and (b) relative humidity for five cities evaluated. Re-

printed with permission from Ref. [60]. Copyright 2019, MDPI. 

The long-term analyses further validated the advantages of IEC-MVC over existing 

AC systems. Although the actual numbers vary in different cities, more than 30% of sav-

ings in electricity consumption can be achieved in most cities considered. Such savings 

will significantly reduce primary energy consumption and the corresponding carbon 

emissions, thus forming a strong thrust for the commercialization of this new technology. 

4. Discussions 

Although the energy-saving potential of the hybrid IEC-MVC process has been well 

demonstrated, other important factors also need to be considered for realizing the future 

commercialization of this new technology. The first concern is water consumption. As the 

evaporation of water is the source of the cooling effect, water consumption is significant 

in areas with a high sensible cooling load. Ali et al. [61] estimated the annual water con-

sumption of an M-cycle cooler in Riyadh, a city located at the center of the desert. The 

benchmark building had a floor area of 97.1 m2 and the average height was 2.8 m. For the 

summer months, the water consumption can reach 10 m3/month. Chen et al. [54] also 

mated the water consumption of IEC in Riyadh, and the annual water consumption was 

75 m3 assuming an outdoor air flowrate of 1 kg/s. Such water consumption is a great bur-

den in arid areas that face severe water scarcity. 

A common way to reduce water consumption is to recover the condensate from the 

MVC unit. As shown in Figure 13, the moisture content is condensed in the MVC evapo-

rator when outdoor air is humid, and the condensate can be supplied to the IEC wet chan-

nels as part of the water source [15,57]. In cities with moderate humidity, the recovered 

condensate is almost sufficient for IEC consumption. For example, in Dhahran, (a city in 

eastern Saudi Arabia, CDH = 899,671 °C-h/year, DGH = 22,225 g-h/year), the annual aver-

age water consumption is 9.15 L/h for processing 1 kg/s of outdoor air, while the recovered 

condensate is 8.25 L/h [54]. In cities with higher humidity (e.g., Jazan, Saudi Arabia, CDH 

= 899,671 °C-h/year, DGH = 22,225 g-h/year), the amount of collected condensate is twice 

that of water consumption, and extra water can be used elsewhere [54]. A summary of 

water consumption and condensation amounts is provided in Table 1. 
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Figure 13. Hybrid IEC-MVC that collects condensate from MVC and reuses it in IEC. Reprinted 

with permission from Ref. [57]. Copyright 2014, MDPI. 

Table 1. Long-term performance of IEC-MVC for treating 1 kg/s of outdoor air. Adopted with per-

mission from Ref. [54]. Copyright 2022, Elsevier. 

City 
CDH, °C-

h/Year 

DGH, g-

h/Year 

Energy Sav-

ing Over 

MVC, % 

Water Con-

sumption, L/h 

Water Col-

lection, L/h 

Riyadh 92,248.4 432.57 40.52 8.57 0.18 

Hail 71,265.4 6.84 37.57 6.33 0.00 

Qassim 88,722.4 124.65 40.98 8.21 0.04 

Dhahran 89,967.1 22,225.80 26.04 9.15 8.25 

Al-Jouf 65,980.4 9.24 37.83 5.87 0.00 

Turaif 48,481.6 86.82 33.44 3.94 0.01 

Tabuk 62,562.6 155.29 36.12 5.36 0.03 

Mecca 107,079.7 21,044.16 24.78 10.86 7.90 

Madinah 101,092.6 995.84 40.15 9.53 0.25 

Abha 17,674.9 815.62 7.55 0.38 0.01 

Jazan 111,837.0 58,262.63 17.20 12.22 23.56 

Najran 58,329.4 409.75 28.13 4.29 0.11 

Al-Bahah 20,167.7 1113.43 7.87 0.51 0.04 

In coastal cities, IEC can also be modified for desalination applications to get fresh 

water. As illustrated in Figure 14, the exhaust air from the wet channels of IEC can be 

supplied to a humidification–dehumidification desalination (HDH) system [62,63]. As the 

exhaust air has higher moisture content and lower temperature than the ambient air, sea-

water evaporation will be promoted in the HDH cycle, leading to more freshwater pro-

duction. Analytical results reveal that the water productivity of the hybrid IEC-HDH cycle 

is >60% higher than standalone HDH under the same heat input [62]. Moreover, the 

amount of water produced in the IEC is several times higher than the water consumption 

of the IEC. Thus, the hybrid IEC-HDH cycle is an ideal solution for the simultaneous pro-

duction of fresh water and cooling effects. 
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Figure 14. Hybrid IEC-HDH cycle for simultaneous production of cooling and water. Reprinted 

with permission from Ref. [62]. Copyright 2020, Elsevier. 

In addition to desalination, the water source for IEC can also be provided by the at-

mospheric water harvesting (AWH) process. AWH collects water from the ambient, and 

various devices have been developed to produce water in different geographical locations 

with varying humidity levels [64]. One important method for AWH is to cool the air to its 

dew point temperature, and a cooling effect is also produced during this process [65]. 

Therefore, optimal integration of IEC-MVC with AWH potentially provides more prom-

ising solutions for cooling and water production. 

Another concern of the hybrid system is its economic viability. According to the lim-

ited literature that involved cost analysis, the IEC-MVC system is not always economically 

promising. For example, the payback period was estimated to be 2.9 years for the case of 

a wet market in Hong Kong [15,57], while for the case of Beijing the payback period is as 

long as 18 years [59]. The factors that determine the payback period include ambient con-

ditions, annual cooling need, sensible/latent cooling load ratio, electricity and water 

prices, etc. A thorough life-cycle cost analysis based on long-term operation data is re-

quired for evaluating the economic viability of IEC-MVC in each city. 

5. Conclusions and Future Perspectives 

This article presents a comprehensive review of the hybrid IEC-MVC system. 

Standalone IEC as the pre-cooler and the hybrid IEC-MVC system are described in terms 

of theoretical modeling, experimental demonstration, energy-saving analysis, long-term 

potential, economic viability, and water consumption. Key findings are summarized as 

follows: 

(1) When IEC works as a pre-cooler and heat recovery device, a major difference with 

the regular IEC is the occurrence of condensation in dry channels. Analytical IEC 

models considering condensation, including one-dimensional, two-dimensional, and 

three-dimensional models, have achieved high accuracy. Mathematical analyses 

revealed that IEC can handle 35–47% of the total cooling load; 

(2) The energy-saving potential of IEC-MVC over standalone MVC has been 

demonstrated experimentally and analytically. Depending on the design and 

operation conditions, the energy consumption of IEC-MVC is 15–55% lower than that 

of standalone MVC; 
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(3) The long-term performance of IEC-MVC has been evaluated using annual weather 

data. The calculations cover many cities in different countries, including China, Saudi 

Arabia, and Europe. In humid cities like Hong Kong, the energy savings is moderate 

at 14–26%. On the other hand, for arid cities in Saudi Arabia, the energy savings can 

reach 60%; 

(4) Water consumption of IEC is significant, especially in areas with a high sensible load. 

The condensate produced in the MVC can be recovered as part of the water sources. 

Additionally, IEC can be coupled with desalination systems or atmospheric water 

harvesters to get fresh water; 

(5) The economic viability of IEC-MVC varies with climatic conditions as well as water 

and electricity prices. A robust life-cycle analysis based on long-term operation data 

is required to quantify the economic viability of the hybrid system. 

Although the hybrid IEC-MVC process has shown great energy-saving potential, 

field test data and reliable cost analyses are scarce. These aspects will be the focus of future 

studies. In addition, the improvement of IEC and MVC will also contribute to wider ap-

plications of the IEC-MVC system in air conditioning for commercial, industrial, and res-

idential sectors. The authors believe the quantum improvement in electricity savings is 

one of the keys to future sustainable air conditioning globally. 
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Nomenclatures 

AC Air-conditioning  

AWH Atmospheric water harvesting 

CDH Cooling degree hours  

COP Coefficient of performance 

DGM Dehumidifying gram hours  

HDH Humidification–dehumidification desalination  

IEA International Energy Agency 

IEC Indirect evaporative cooling 

MVC Mechanical vapor compression  

NTU Number of heat transfer units 

PUA Packed-unit air-conditioner 

R-IEC Regenerative indirect evaporative cooling 

Symbols  

h Enthalpy 

T Temperature 

m Mass flowrate 

Greek letters 

ε Effectiveness 

ω Humidity ratio 
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