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 Abstract  

There has been an increase in the development of electric cars in recent decades, driven 
by the global need to reduce greenhouse gas emissions and air pollution. The use of 
refrigeration systems in electric cars is one of the largest consumptions of electric power. 
Therefore, this study used an absorption refrigeration system with a working fluid in the 
form of a combination of water as a refrigerant and lithium bromide salt as an absorption 
compound (H2O-LiBr) as an alternative refrigeration system. However, the use of water 
as a refrigerant lead to the required components being larger. This study focuses on 
analyzing the work performance of absorption refrigeration systems. The results of the 
analysis of the performance of the absorption refrigeration system state that to get the 
optimal performance value in operating the designed H2O-LiBr absorption refrigeration 
system, the generator outlet temperature is required to be a minimum of 75°C, which 
produces a performance stated in COP of 0.705. In the meantime, the analysis of the 
generator outlet temperature's impact on the refrigeration system's performance value 
revealed that the higher the generator outlet temperature, the higher the performance 
value. 
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 Abstrak  

Perkembangan mobil listrik dalam beberapa dekade terakhir mengalami peningkatan, 
didorong oleh kebutuhan global untuk mengurangi emisi gas rumah kaca dan polusi udara. 
Penggunaan sistem pendingin pada mobil listrik merupakan salah satu konsumsi daya 
listrik yang terbesar. Oleh karena itu, penelitian ini menggunakan sistem refrigerasi 
absorpsi dengan fluida kerja berupa kombinasi air sebagai refrigeran dan garam litium 
bromida sebagai senyawa absorpsi (H2O-LiBr) sebagai sistem refrigerasi alternatif. Akan 
tetapi, penggunaan air sebagai refrigeran menyebabkan komponen yang dibutuhkan 
menjadi lebih besar. Penelitian ini difokuskan pada analisis kinerja kerja sistem pendingin 
absorpsi. Hasil analisis kinerja sistem pendingin absorpsi menyatakan bahwa untuk 
mendapatkan nilai kinerja yang optimal dalam mengoperasikan sistem pendingin absorpsi 
H2O-LiBr yang dirancang, diperlukan temperatur outlet generator dengan minimum 75°C, 
yang menghasilkan kinerja yang dinyatakan dalam COP sebesar 0,705. Sementara itu, 
analisis dampak suhu outlet generator terhadap nilai kinerja sistem pendinginan 
mengungkapkan bahwa semakin tinggi suhu outlet generator, semakin tinggi pula nilai 
kinerjanya 

Kata Kunci:  absorpsi, alternatif, H2O-LiBr, kinerja, pendingin. 
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1. INTRODUCTION  

The desire to lower greenhouse gas emissions 

and air pollution worldwide has accelerated the 

development of electric vehicles in recent 

decades (Alanazi, 2023). The use of refrigeration 

systems in electric cars is one of the largest 

consumers of electric power. In electric cars, the 

average energy consumption of the refrigeration 

system accounts for 30-40% of the total energy 

provided by the battery during regular use, 

depending on mileage and the size of the 

refrigeration system. In extreme conditions, such 

as when the outside temperature is very hot, this 

percentage can increase even higher, as the 

refrigeration system must work harder to 

maintain cabin comfort (Zhang et al., 2018; Budi, 

Qiram and Sartika, 2021). In fact, the use of a 

refrigeration system in a car is certainly very 

important for the comfort of the driver and 

passengers when in a closed space (car cabin) 

(Sukarno et al., 2023), the temperature of the car 

cabin reaches 52.6°C, which will certainly greatly 

disturb the comfort of the driver and passengers. 

Thermal comfort is one of the quality aspects of 

comfort in enclosed spaces (Jasman, Nasaruddin 

and Tee, 2019). Thermal comfort is affected by 

air temperature, air humidity, and airflow in the 

environment (Budi, Qiram and Sartika, 2021). In 

addition, the boarding car's temperature and 

humidity levels have an impact on the machine's 

performance and durability, thus, the design of 

the air conditioning and refrigeration systems is 

also crucial (Setiyo et al., 2021; Santoso, 2023).  

Defines thermal comfort as a psychological 

state indicating contentment with one's thermal 

surroundings (ASHARE, 2013). Thermal comfort is 

often associated with heat equilibrium, where 

heat equilibrium is a condition of the body when 

the heat produced is proportional to the heat 

released from the body (Ruliandini, 2016). 

Disabling the refrigeration system to save 

electricity consumption in the car is very unlikely 

because it will have an impact on the comfort of 

the driver or passengers. Therefore, the use of 

LiBr absorption refrigeration systems is one 

potential solution for reducing electrical energy 

consumption in electric cars. 

An absorption refrigeration system utilizes 

solar heat and exhaust heat as its primary energy 

sources, making it an energy-efficient 

refrigeration option (Hashim and Kassim, 2021). 

The absorption refrigeration system is also known 

as a cycle that operates using heat (heat-operated 

cycle). In addition, the absorption refrigeration 

system also uses an environmentally friendly 

working fluid (refrigerant) without the potential 

for global warming or ozone depletion. In the LiBr 

absorption refrigeration system, the working fluid 

consists of two components: water serves as the 

refrigerant, while LiBr acts as the absorbent 

(Rudiyanto, 2015; Xu and Wang, 2016).  

The LiBr absorption refrigeration system is in 

line with the application of the absorption 

refrigeration cycle. This is one of the oldest types 

of refrigeration machines. According to John 

Leslie's 1810 research on absorption refrigeration, 

the basic idea of the cycle has been around since 

the early 1800s. To cool the wine, John Leslie 

employed water vapor as the refrigerant and 

sulfuric acid as the absorbent (Hashim and Kassim, 

2020). However, the first absorption refrigeration 

engine was invented in France by Ferdinand Carré 

in 1858 and patented in 1860 (Lestari, 2020). The 

absorption refrigeration cycle is considered a type 

of alternative refrigeration engine that is more 

economical than the vapour compression 

refrigeration cycle because the absorption 

refrigeration cycle uses generators and absorbers 

instead of compressors. The absorption 

refrigeration cycle requires heat as the main 

energy source to obtain the cooling effect. This 

cycle uses the ability to bind and release chemical 

pairs between refrigerants and absorbents 

(Wulandari and Dhiyaulhaq, 2022). 

Nevertheless, absorption refrigeration 

systems using H2O-LiBr pairs are substantially used 

in medium and large-capacity refrigeration 

systems installed in buildings (Sitotaw, 2022). 

There have been several studies on H2O-LiBr 

absorption refrigeration systems installed in 

buildings that have been studied by researchers. 

Yusuf conducted a performance analysis on the 

H2O-LiBr absorption refrigeration system that 

uses solar thermal energy in an office building 

(Yusuf, 2016).  
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Like the study, Prasetyo et al. examined how 

well the Sanggar Ksatria Liema Bogor building's 

H2O-LiBr absorption refrigeration system worked 

(Prasetyo, Sukamto and Arda Rahardja, 2020). El 

Haj Assad et al.'s research investigates the 

operation of the geothermal-powered H2O-LiBr 

absorption refrigeration system that will be used 

in residential buildings (Assad et al., 2021). 

Meanwhile, the potential of waste heat from gas 

power plants (PLTG) as a power source for the 

H2O-LiBr absorption refrigeration system will be 

utilized in the room within the building 

surrounding the PLTG while also figuring out the 

absorption refrigeration system's capability and 

arrangement (Suntoro et al., 2019). Conversely, 

the study conducted by Soliman et al., focused on 

the design of a generator for an H2O-LiBr 

absorption refrigeration system that utilizes 

phase change materials (PCMs) harnessed from 

vehicle exhaust heat (Soliman et al., 2021). 

Additionally, the research included an assessment 

of the operational performance of the absorption 

refrigeration system to variations in vehicle 

engine speed (Soliman et al., 2021). 

According to the existing body of research, 

the the absorption cooling system with solar heat 

source design and analysis is intended for building 

structures or if for vehicle applications using 

exhaust gas heat sources, with solar heat source 

design and analysis is intended for building 

structures or if for vehicle applications using 

exhaust gas heat sources, there is a notable 

deficiency of studies addressing the application of 

H2O-LiBr the absorption cooling system with solar 

heat source design and analysis is intended for 

building structures or if for vehicle applications 

using exhaust gas heat sources, in electric 

vehicles. Consequently, this study is intended to 

evaluate the operational performance of the H2O-

LiBr absorption refrigeration system within the 

context of electric car refrigeration with solar 

heat sources, where the generator temperature is 

observed to range from 70°C to 90°C. 

2. METHODOLOGY 

2.1. H2O-LiBr Absorption Refrigeration Systems 

The absorption refrigeration cycle is 

considered as a more efficient alternative type of 

cooling machine compared to the vapor 

compression refrigeration cycle because the 

absorption refrigeration cycle uses a generator 

and absorber instead of a compressor. The 

absorption refrigeration cycle requires heat as the 

main energy source to obtain a cooling effect. 

This cycle uses the ability to bind and release 

chemical pairs between the refrigerant and the 

absorbent (Wulandari and Dhiyaulhaq, 2022). 

Currently, the refrigerant and absorbent pair used 

is a lithium bromide (LiBr) salt pair, which is an 

extremely hygroscopic compound that functions 

as an absorbent, and water (H2O) acts as a 

refrigerant (Jones, 1987). To help this research, 

the following has been made: a research scheme 

of the H2O-LiBr refrigeration cycle shown in Figure 

1. 

 
Figure 1. H2O-LiBr absorption refrigeration cycle 

scheme. 

In Figure 1, the H2O-LiBr Absorption 

refrigeration cycle working principle begins with 

the application of heat through a heater in the 

generator, which causes the refrigerant to 

evaporate and separate from the solution. The 

refrigerant has evaporated towards the 

condenser, and there is a phase change from 

vapor to liquid due to the release of heat. The 

liquid refrigerant transitions from the condenser 

to the evaporator via an expansion valve, which 

regulates both the pressure and temperature to 

lower levels. Within the evaporator, heat 

absorption occurs, resulting in the evaporation of 

the refrigerant, which subsequently transitions to 

the absorber. The  residual  solution   within   the 
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generator passes through the expansion valve to 

the absorber, where it subsequently mixes with 

the refrigerant vapor. This interaction results in 

an increase in temperature and pressure. It is 

imperative that the pressure within the absorber 

be maintained at a level lower than that of the 

evaporator. Consequently, a pump is required to 

facilitate the circulation of the solution from the 

absorber back to the generator. 

2.2. Fundamental Assumptions 

The fundamental assumptions governing the 

calculations and thermodynamic analysis of 

absorption refrigeration systems utilizing an H2O-

LiBr solution are outlined as follows: 

1) The system is in a steady-state state. 

2) Pressure drop and heat loss are negligible. 

3) The expansion valve operates under 

adiabatic conditions, while the pump 

functions isotropically. 

4) The temperature, pressure, and 

concentration conditions of lithium bromide 

(LiBr) are homogenous across each 

component. 

5) Both the volumetric flow rate of the fluid and 

the heat transfer coefficient of the 

components are considered to be constant. 

6) LiBr/water from generators and absorbers is 

considered saturated, and the vapor in the 

evaporator is superheated. 

7) The strong LiBr mass fraction (Xs) has low 

pressure and absorber outlet temperature 

respectively P1 = 3.17 kPa and T1 = 51.43°C 

and the weak LiBr mass fraction (Xw) has high 

pressure and generator outlet temperature 

respectively Ph = 7,385 kPa and T3 = 90°C 

8) The LiBr mass fraction is strong (Xs) 62% and 

weak (Xw) 52%. 

In addition, there are also the initial 

conditions of the design: 

1) Generator outlet temperature (T3) and (T5): 

90°C. 

2) Evaporator outlet temperature (T8): 25°C. 

3) Condenser outlet temperature (T6): 40°C 

4) Pump mass flow rate 𝑚̇1: 0.001 kg/s. 

 

2.3. Energetic Analysis of Vapor Absorption 

Refrigeration System 

Thermodynamic calculations are conducted 

through the application of mass balance and 

energy balance equations pertinent to each 

component. In accordance with the fundamental 

assumptions employed, it is imperative to utilize 

the steady-state flow condition alongside the 

overall mass balance equation and the overall 

energy balance equation. The subsequent section 

delineates the general mass balance equation 

(Holman, 2009). 

∑ṁ𝑖𝑛 = ∑ṁ𝑜𝑢𝑡        (1) 

Then, in a steady-state flow system 𝑑𝐸𝑐𝑣/

𝑑𝑡 = 0 It is stated that "the average of the energy 

transfer to a control volume through a heat 

transfer and work during a steady flow is equal to 

the difference between the rate of outgoing and 

incoming energy flow and mass". Thus, with a 

steady flow, the typical equation for energy 

balance is as follows (Boles and Cengel, 2014). 

∑𝐸̇𝑖𝑛 = ∑𝐸̇𝑜𝑢𝑡      (2) 

𝑄̇𝑖𝑛 − 𝑄̇𝑜𝑢𝑡 + 𝑊̇𝑖𝑛 − 𝑊̇𝑜𝑢𝑡 = ∑ 𝑚̇𝑜𝑢𝑡 (ℎ +
𝑉2

2
+

𝑔𝑧) − ∑ 𝑚̇𝑖𝑛 (ℎ +
𝑉2

2
+ 𝑔𝑧)     (3) 

Based on the equations (1) and (3), the 

equation of the balance of time and energy in 

each component can be analyzed and stated. 

First, the equation that occurs in the generator is 

as follows: 

𝑚̇2 = 𝑚̇3 + 𝑚̇5       (4) 

𝑚̇2𝑥2 = 𝑚̇3𝑥3       (5) 

𝑄𝑔 = 𝑚̇3ℎ3 + 𝑚̇5ℎ5 − 𝑚̇2ℎ2    (6) 

Next, there is an equation that occurs in the 

condenser based on equations (1) and (3): 

𝑚̇5 = 𝑚̇6       (7) 

𝑄𝑐 = 𝑚̇5ℎ5 − 𝑚̇6ℎ6      (8) 

The equation that occurs in the evaporator 

also refers to equations (1) and (3), as follows: 
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𝑚̇7 = 𝑚̇8      (9) 

𝑄𝑒 = 𝑚̇7ℎ7 − 𝑚̇8ℎ8               (10) 

The last is the equation that occurs in the 

absorber based on general equations (1) and (3), 

as follows. 

𝑚̇1 = 𝑚̇4 + 𝑚̇8     (11) 

𝑚̇1𝑥1 = 𝑚̇4𝑥4     (12) 

𝑄𝑎 = 𝑚̇4ℎ4 + 𝑚̇8ℎ8 − 𝑚̇1ℎ1  (13) 

Additionally, the system's Coefficient of 

Performance (COP) has been calculated using the 

following formula : 

𝐶𝑂𝑃 =  
𝑄𝑒

𝑄𝑔+𝑊𝑝
   (14) 

3. RESULTS AND DISCUSSION 

3.1. Performance Analysis of LiBr Absorption 

Refrigeration System 

In this study, the performance of the 

absorption refrigeration system was analyzed 

based on temperature variations. The varied 

temperature is the temperature at which the 

generator goes to the absorber (T3) and the 

temperature at which the generator goes to the 

condenser (T5), where T3=T5. Based on the 

calculation of the COP value on the research 

matrix carried out, several variable values change 

due to changes in the input value of the output 

temperature in the generator shown in Table 1. 

Table 1. Refrigeration system performance analysis. 

Temperature Out Generator Xs 𝒎̇𝒘𝒂𝒕𝒆𝒓 Enthalpy (h) Qg Qe 
COP 

(oC) (%) (kg/s) (kJ/kg) (kW) (kW) 

90 0.62 0.001613 2668.8 4.684 3.837 0.7603 

85 0.6 0.001333 2659.3 3.827 3.172 0.7571 

80 0.575 0.000957 2649.8 2.722 2.276 0.7377 

75 0.555 0.000631 2640.3 1.765 1.5 0.705 

70 0.53 0.000189 2630.8 0.5185 0.4489 0.5092 

 

Figure 2. Strong LiBr mass fraction based on temperature variation. 

Changes in the output temperature value of 

the generator affect the value of the strong LiBr 

mass fraction in the absorption refrigeration 

system. The value of the strong LiBr mass fraction 

is obtained from the temperature and pressure 

determined using the pressure-temperature-

concentration diagram of the H2O-LiBr solution. 

The effects of the generator's exit temperature on 

the strong LiBr mass fraction value is shown in   

Figure 2.
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Based on equations (4) and (5), the changes 

that occur in the LiBr mass fraction strongly affect 

the flow rate of water vapor mass and are shown 

in Figure 3. In Figure 3, it is evident that the 

higher the LiBr mass fraction value, the higher the 

water mass flow rate. 

 
Figure 3. Graph of the effect of strong LiBr mass 

fraction on water mass flow rate. 

The temperature of the generator outlet 

affects the enthalpy value and the value of the 

mass flow rate produced. As a result, variations in 

the temperature at the generator's output 

influence the heat transfer rate in both the 

generator and the evaporator. Figure 4 illustrates 

how the temperature at the generator's exit 

impacts the heat transfer rate within the 

generator and evaporator. 

 
Figure 4. Graph of the relationship between generator 

outlet temperature and heat transfer rate value. 

The correlations examined using equation 

(14) demonstrate that the generator exit 

temperature has an impact on the performance 

value attained. Figure 5 illustrates how the 

generator's outlet temperature affects the 

performance value, where it can be stated that 

the change in the output temperature of the 

generator is directly proportional to the change in 

the performance value obtained. Therefore, the 

higher the temperature output in the generator, 

the higher the performance value will be. 

 
Figure 5. Refrigeration system performance analysis 

graph. 

When the generator is run at 70°C, Figure 5 

shows a noticeable change in performance values. 

This happens because when the temperature 

reaches 70°C, the value of the strong LiBr mass 

fraction is obtained at 0.53. Based on the value of 

the strong LiBr mass fraction, a water mass flow 

rate value of 0.000189 kg/s can be produced using 

equations (4) and (5). The mass flow rate value 

causes a significant decrease in the heat 

separation rate value produced in the generator 

and evaporator, so there is a significant decrease 

in the performance value obtained, which is 

0.5092. Meanwhile, when the generator outlet 

temperature is 75°C, a performance value of 

0.705 is obtained. Therefore, to get the optimal 

performance value in operating the designed H2O-

LiBr absorption refrigeration system, it is 

necessary to have a generator outlet temperature 

of at least 75°C. 

Figure 6 shows a picture of the absorption 

refrigeration cycle with H2O refrigerant 

(refrigerant numbering is referred to as R-718) in 

the P-h diagram at its optimal performance when 

the generator outlet temperature is 75°C. 
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Figure 6. P-h diagram of H2O (R-718) absorption refrigeration cycle at generator temperature 75°C. 

 

Figure 7. P-h Diagram of R134a refrigerant vapor compression refrigeration system. 

3.2. Feasibility of H2O-LiBr Absorption 

Refrigeration System 

The feasibility test of the designed H2O-LiBr 

absorption refrigeration system was conducted by 

comparing it with a commercial refrigeration 

system. The commercial refrigeration system used 

as a comparison is a vapor compression 

refrigeration system with R134a refrigerant. In 

the feasibility test, a comparison was made 

between the performance values using the same 

temperature conditions in the designed H2O-LiBr 

absorption refrigeration system.  

The vapor compression refrigeration system 

using R134a refrigerant is depicted in the P-h 

diagram to facilitate the calculation of 

performance values and the power produced. 

Using the CoolPack software, the P-h diagram for 

a vapor compression refrigeration system with 

R134a refrigerant is shown in Figure 7. 

By using CoolPack software, a performance 

value of 17.88 was obtained. Meanwhile, the 

power required for the vapor compression 

refrigeration system is based on the designed 

evaporator capacity of 0.262 kW. Furthermore, an 

evaluation was carried out on the performance of 

the developed H2O-LiBr absorption refrigeration 

system. 

In the designed H2O-LiBr absorption 

refrigeration system, the heat source used in the 

generator is obtained from the sun's heat. 

Therefore, the performance value is calculated by 

ignoring the heat transfer rate in the generator. 
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The performance value obtained is 10.57, 

with a power in the pump of 0.363 kW. Based on 

data obtained under the same temperature 

conditions, it is known that with a power of 0.363 

kW, the performance value of the H2O-LiBr 

absorption refrigeration system designed is 10.57. 

Meanwhile, with a power of 0.262 kW, the 

performance value of the vapor compression 

refrigeration system with R134a refrigerant is 

17.88. Thus, based on the comparisons that have 

been made, further research is needed to obtain 

better performance values for the H2O-LiBr 

absorption refrigeration system. 

4. CONCLUSION 

From the research that has been carried out, 

it is concluded that to get the optimal 

performance value in operating the designed H2O-

LiBr absorption refrigeration system, the 

generator outlet temperature is required to be a 

minimum of 75°C, which produces a performance 

stated in COP of 0.705. Meanwhile, the analysis of 

the generator outlet temperature's effect on the 

refrigeration system's performance value revealed 

that the higher the generator outlet temperature 

at 90°C, the greater the performance value 

obtained at COP 0.7603. 
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