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1|Introduction    

Due to rapid population expansion and excessive consumption of fossil fuels, nations are confronted with 

indisputable challenges [1]. This leads to the release of GreenHouse Gases (GHG), which results in climate 

change, global warming, the melting of ice and glaciers, the occurrence of acid rain, and ozone depletion. 
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Abstract 

The double-effect absorption chiller plays a crucial role in achieving temperature and humidity control, surpassing single-

effect chillers in terms of capacity and offering ease of operation when compared to double and triple-effect absorption 

chillers with more complex cycles. The primary drawbacks of the double-effect absorption chiller are its dependence on 

fuel for both the absorption cycle and the production of the concentrated Lithium Bromide (LiBr)  solution. In this study, 

the use of photovoltaic panels to eliminate fuel consumption through a comprehensive thermodynamic model, involving 

the adjustment of parameters such as chilled water mass flow rate (ṁa) and solar cycle mass flow rate (ṁb), is investigated 

to determine the optimal cycle state. The results indicate that the  Coefficient of Performance (COP) of the cycle increase 

as the mass flow rate of chilled water (ṁa) increases and reaches 1.7 in the mass flow rate of 5 kg s-1. Additionally, based 

on the algorothym in regions with access to the electric grid, it is not cost-effective to use energy generated by photovoltaic 

solar panels to power the absorption chiller cycle. 
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Existing energy infrastructures are not environmentally sustainable and need to be updated in the coming 

years [2]. Integrated systems offer various benefits, including the production of power, cooling, and heating. 

The optimization of heating and cooling systems is pivotal within the building energy sector. Increasing the 

effectiveness of these systems and diminishing their carbon dioxide (CO2) emissions are becoming key 

priorities [3]. The mentioned challenges can be divided into two main categories: energy shortages for 

increasing electricity production and climate changes leading to global warming. The proposed solution to 

address these problems involves prioritizing the use of renewable energy as the primary energy sources. It is 

evident that renewable energy sources are not only more sustainable than fossil fuels but are also recognized 

for their environmental cleanliness and higher efficiency. 

The use of solar energy can decrease the amount of carbon dioxide that is usually produced in the world [4, 

5]. Therefore, solar energy can be a good selection to diminish the electricity consumption in air conditioning 

[6]. In addition to this, solar energy is obtained for free from the surrounding natural environment.  

Air conditioning is accounting for consumption of roughly 40% of building energy and uses a lot of electricity 

and chillers play a considerable rule in air conditioning [3]. The two coomon type of absorption chillers are 

the single effect and the double effect. The single-effect kind of absorption chillers has been popular since 

the 1960s, while the double-effect variety wasn't invented until the 1980 [4].  

Single-effect and double-effect absorption chillers are two distinct types of thermally driven cooling systems 

utilized across industrial and commercial sectors. The fundamental principle underlying single-effect 

absorption chillers is absorption refrigeration, where a designated working fluid, often Lithium Bromide 

(LiBr) solution, absorbs moisture vapor to generate cooling. To reset the LiBr solution, these chillers depend 

on an external heat source, typically derived from natural gas or steam, making them relatively energy-

intensive and less efficient in comparison to alternative cooling technologies. 

Conversely, double-effect absorption chillers represent an evolutionary stride in absorption cooling 

technology. They operate on a dual-stage concept, signifying the "double-effect." In the first stage, a high-

temperature heat source initiates vaporization of the LiBr solution. This vapor, in turn, becomes instrumental 

in the second stage, where it further absorbs moisture vapor, resulting in a more pronounced cooling effect. 

This two-stage process, when integrated, equips double-effect absorption chillers with the capacity to deliver 

augmented cooling while still mandating a heat source for the regeneration process. This heightened efficiency 

renders them a more appealing choice for scenarios prioritizing energy conservation and sustainability, 

notwithstanding their greater complexity and installation and maintenance costs [7]. The double-effect chiller, 

although needing a slightly higher operating temperature, such as from concentrated solar or geothermal 

energy, offers superior economic and environmental performance compared to the single-effect chiller. 

Consequently, this study opts for the utilization of a double-effect chiller assisted with solar photovoltaic [8]. 

Recent research on double-effect chillers, as outlined in the literature, encompasses a wide array of modeling 

studies with the aim of refining their operational strategies. These studies also involve the analysis of both 

thermodynamic and economic performance, including optimization techniques, and their integration with 

various energy systems such as district energy systems. Avanessian et al. [9] delved into the examination of 

series and parallel chiller configurations, revealing a significant correlation between inlet temperature, mass 

flow rate, and energy performance. Mussati et al. [10] optimized the design of double-effect chillers using a 

single objective function that took into account exergy, heat-transfer area, and cost. Moreover, extensive 

multi-objective optimization endeavors have been carried out, which consider energy, exergy, and economic 

factors. 

Meanwhile, in the case of researchers who have investigated the the exergy analysis of single-effect and 

double-effect absorption chiller systems using LiBr/H2O, [11–18]. Most of these research examined how 

generator, absorber, condenser, and evaporator temperatures, solution circulation ratio, and heat recovery 

ratio affect cycle performance. Moreover, the number of effects in the absorption chillers is important 

parameters that should be selected properly to maximize the system operation. Lubis et al. [19] investigated a 
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  single-double-effect absorption chiller system. They maximised performance of a reference single-double-

effect absorption chiller by adjusting some parameters. According to the findings of their analysis, the actual 

Coefficient of Performance (COP) of their system has the potential to rise by between 3 and 5%. As an added 

bonus, they demonstrated that a notable reduction in primary energy usage is possible. 

Solar-assisted heating and cooling absorption systems were investigated by Shirazi et al. [20] using four 

different configurations. Energy, cost, and environmental (3E) evaluations were carried out on the from 

experimental work. Their results demonstrated that although the high primary energy saving can be achieved; 

the economic performance of these configurations is not suitable. However, if there are no concern about 

financial sources, the configuration has been suggested that is economically feasible and achieving a payback 

period of 4.1 years.  

Double effect chillers can be classified with the working fluid (internal fluid) that flows through the 

regenerators and disrobers. Safarnezhad et al. [21] conducted exergy-based study on the parallel flow double-

effect absorption chiller. In this study, exergy destruction of each component is obtained and imposed in the 

exergy analysis. The thermodynamic modeling of cycle is expressed and exergy efficiency is determined for 

components. Thermodynamic optimization imposed for obtain the maximum COP. The results show the 

exergy destruction of the endogenous section is much larger than the exogenous section it is illustrates that 

concentrate on the component efficiencies to improve system performance is suitable manner. Behzadi et al. 

[22] proposed a system includes PVT, a double effect absorption chiller and a geothermal unit. This study 

conducted Energy, Exergy And Exergoeconomic (3E) analyses on this cycle and for this result impose the 

multi-objective optimization. The results show overall exergy efficiency which is 10.59% in addition to the 

11.4 kW cooling load is extracted from PV. Moreover, geothermal unit increase COP of cycle about 15%. 

These researcher, used form Genetic Algorothym implement to optimization technic by the use of MATLAB 

and earned the optimal value of  exergy efficiency and total product unit cost that  respectively (13.07%, 

36.97$ GJ-1). Zheng et al. [23] study about steam operated double-effect absorption chiller heat pump. In this 

study, system simulated and, mathematical model  developed and validated by the experiments, and maximum 

deflection is about 13% and 19% in heating and cooling, respectively. 

 Optimization presented with mathematical models and, result of this optimization shows optimum 

combination of heat transfer temperature difference. Two new configurations of a double-effect absorption 

chiller are one with series flows and one with parallel flows, were proposed by Chahartaghi et al. [24]. Critical 

parameters such as mass, concentration, and energy balance equations were examined in these configurations. 

The best possible COP for the system has been calculated after careful consideration of these factors and the 

application of a Genetic Algorithm to optimize the system for both series and parallel flow. 

Although this study has explored the use of photovoltaic panels to reduce fuel consumption in double-effect 

absorption chillers, there exists a notable research void concerning the mechanisms behind the observed 

decline in the COP as the chilled water mass flow rate (m ̇ a) increases. Additional investigation is warranted 

to gain a deeper understanding of the factors responsible for this COP decrease and to develop strategies or 

modifications that can optimize the cycle's efficiency across different load conditions. 

Furthermore, the research has emphasized the limited cost-effectiveness of employing photovoltaic-

generated electricity to power absorption chillers in regions with access to the electric grid. This discovery 

raises questions about the economic viability of integrating photovoltaic panels into double-effect absorption 

chiller systems. Further research is essential to assess the economic feasibility of this technology in various 

geographical areas and under diverse operational circumstances, taking into account factors such as electricity 

pricing, solar radiation levels, and system expenditures. 

Addressing these research gaps will contribute to the advancement of more efficient and economically 

sustainable photovoltaic-integrated double-effect absorption chiller systems. Such advancements have the 

potential to revolutionize temperature and humidity control in various applications while simultaneously 

reducing the environmental impact associated with traditional fuel-dependent absorption chillers. 
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This research looks into the viability of using a photovoltaic solar panel to power a double-effect absorption 

chiller. The feasibility of using a photovoltaic solar panel to generate hot water for powering a double-effect 

absorption chiller is studied. A parametric analysis and a multi-objective optimization are carried out with the 

help of the simulation that has been provided. 

2|System Description 

Absorption chillers use the absorber and generator for chilling process and LiBr is a most common absorber 

that used in such systems. In comparison to the type of absorption chiller that only has one effect, the type 

that has two effects has an excellent COP. Actually, operation of double-effect type of chillers similar to the 

single one but in double-effect the density of LiBr-water solution increase with the use of high and low 

temperature generator. This increasing cause to enhancement the COP of such systems. While low electricity 

consumption is the advantage of absorption chillers, using the fossil fuel is most important challenge that can 

solve with renewable sources like solar energy. 

The double-effect absorption chiller that relied on solar power instead of fossil fuel was the primary research 

topic for this paper. In this study, the double-effect absorption chiller has a photovoltaic panel, evaporator, 

condenser, High-Temperature Solution Heat Exchanger (HSX), Low-temperature Solution heat Exchanger 

(LSX), and pumps to circulate LiBr-water solution. 

With considering that the main problem of double effect absorption chillers is using from fossil fuel in High-

Temperature Generator (HTG) many works imposed a way to eliminate fossil fuels; solar assisted panels is 

the most used for this problem. In a large part of carried out studies solar thermal collector was used to 

solving the problem of generator but in this study the photovoltaic panel is employed. 

In double-effect absorption, water chills with spraying refrigerator on the evaporator pipes. This spraying 

accurse in a vacuum conditions (low pressure). Low pressure the only reason to chilling the water and this 

condition cause to produce saturated vapor in this space. This vapor cause to increase the pressure of space 

and cooling process is disrupted. In order to solve this problem LiBr is used as absorber. Absorber takes the 

destructive vapor out of space and LiBr solution diluted after absorption. Diluted LiBr loses its ability to 

absorb vapor and most components of the absorption chiller used to inspissation of diluted LiBr. Diluted 

LiBr guides to LSX and HSX and after these parts LiBr solution enters HTG. In this section, the energy that 

gives from solar panel impose to the LiBr solution and massive part of the water that absorbed convert to 

vapor. After that LiBr solution divide to section, concentrated LiBr and water vapor. In double-effect 

absorption chillers the vapor that produced in HTG use as hot source in Low-Temperature Generator (LTG) 

and the concentrated lithium uses this hot source to become thicker. Main difference between single and 

double effect absorption chillers is in this issue and it cause to increase the absorb capacity of LiBr. LiBr 

solution after these levels goes to absorber gage and this cycle repeat. It should be noted that solar cycle 

utilizes roughly 12% of the panel's useful power for drive the generator. The novelty of this work is using 

from photovoltaic panel as solar source to provide energy of HTG. 

3|Methodology  

In fact this study by the use of photovoltaic panel, investigates the optimum COP of plan with manipulating 

the characteristics like mass flow rate of chilled water (ṁa) and mass flow rate solar cycle (ṁb) and temperature 

difference of chilled water in a double effect absorption chiller with LiBr as the coolant. At first the energy 

and mass balance have been written and based om thermodynamic rules, the COP and economical aspects 

of the cycle have been investigated.  
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  The abbreviations in Fig. 1 are as follows: HTG stands for High-Temperature Generator, LTG for Low-

Temperature Generator, LSX for Low-Temperature Solution Heat Exchanger, HSX for High-Temperature 

Solution Heat Exchanger, and ABS for Absorber. 

Fig. 1. Schematic of a solar assisted double-effect LiBr/H2O absorption chiller. 

4|Modeling 

4.1|Thermodynamic 

The analysis of the absorption system's energy and exergy makes use of the conservation of mass and of 

species, as well as the first and second laws of thermodynamics. These equations specify below: 

Mass conservation 

Species conservation 

First law of thermodynamics 

Second law of thermodynamics 

In steady state and regardless of potential and kinetic energy changes exergy equilibrium equation for one 

system written: 

Where, ĖD is the exergy destruction of process that happens under consideration components. The term 1 of 

Eq. (4) are the exergy associated with heat transfer Q̇ and part 2 of this equation demonstrate total input and 

output exergy flow. 

Thermal exergy loss rate (ĖL) is related to external irreversibility, which occurring because of temperature 

difference between the control volume and the surroundings. In this case, the thermal exergy loss rate given 

by: 

∑mi̇ = ∑ṁe . (1) 

∑ṁiXi =∑ṁeXe .  (2) 

(∑ṁihi −∑ṁehe) + (∑Qi −∑Qe) + w = 0. (3) 

ĖD = [∑(1 −
To

T
) Q̇]in + [∑ (1 −

To

T
) Q̇]out⏟                        

1

+ (∑   ṁie)in − (∑   ṁie)out ⏟                
2

+ Ẇ = 0 .  (4) 

ĖLi = ∑(1 −
T0

Ti
) Q̇i.  (5) 
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Where Q̇i is the heat rejected by the component under consideration and Ti, the temperature at its boundary. 

We can rewritten the Eq. (4): 

Mass, material and energy balance of the system 

Eqs. (7)-(11) describe the mass and material balance at the HTG, the LTG, and the condenser. 

High-temperature generator:  

Where ṁw and ṁs respectively is the mass flow rate of weak solution and strong solution. 

Low-temperature generator: 

Condenser: 

The energy balance in each component of a solar assisted double-effect system is given by the following 

equations: 

In this equation, Section 1 illustrates the solution part, energy balance and Section 2, shows the balance of 

hot water that comes from solar cycle part and heat of it, transfers to the weak solution.  

Where, Eq. (15) in Section 1 illustrates the cooling water energy balance and in Section 2 shows the chilled 

water energy balance. 

COP of the system  

4.2|Economic Analysis 

The financial implications of the proposed system are examined here. One of the most crucial steps in 

developing any engineering design is conducting an economic analysis. In this section, by the use of 

engineering economic methods the cost analysis of solar assisted double-effect absorption chiller is presented. 

4.2.1|Engineering costs 

Engineering project expenses may range substantially depending on a number of factors. All outputs have 

the same fixed costs, while output has a direct effect on the variable costs. Marginal cost refers to the 

ĖDi + ĖLi = [∑(1 −
To

T
) Q̇]in + (∑   ṁie)in − (∑   ṁie)out +W.  (6) 

ṁw = ṁs2 + ṁr2.  (7) 

ṁwXw = ṁs2Xs2.  (8) 

ṁs2 = ṁr1 + ṁs1.  (9) 

ṁs2Xs2 = ṁs1Xs1. (10) 

ṁr = ṁr1 + ṁr2.  (11) 

Q̇HTG = ṁr2h15 + ṁs2h12 − ṁwh11⏟                  
1

= ṁ1(h18 − h19)⏟        
2

.  (12) 

Q̇ABS = ṁrh10 + ṁs1h6 − ṁwh1.  (13) 

Q̇C = ṁr1h7 + ṁr2h17 − ṁrh8. (14) 

Q̇E = ṁr(h10 − h9)⏟        
1

= ṁ3(h20 − h21)⏟        
2

. (15) 

Ẇp = ṁw(h1 − h2).  (16) 

Energy input = Q̇HTG + Q̇E + Ẇp,  (17) 

Energy output = Q̇C + Q̇ABS, (18) 

Coefficient of Performance(COP) =
Q̇E

Ẇp+Q̇HTG
. (19) 
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  additional variable expense incurred when producing a single additional unit. While the average cost is the 

total cost divided by the number of units [25]. 

In the present work, we compute the fixed cost includes double-effect absorption chiller and photovoltaic 

panels and the variable costs can be discounted due to their low cost. Total variable and fixed costs is 

computed for the different discharges of solar cycle and chilled water and impose in to the result section [25].  

4.2.2|Present value  

The present value is a function of time t and interest rate i [26]. 

In order to evaluate the PV should be calculate the Future Value (FV) (cost and benefit), that given by: 

Where n is period of time that system used in this paper and 𝑖 is the interest rate. Net Present Worth (NPW) 

is the net difference of the present costs and benefits is the NPW [22]. 

The lifetime worth of a system is determined by adding up all of its costs and benefits over its entire lifespan. 

So that it may include a full accounting of the system's costs and benefits in the present study's findings. 

By the use of production result of the Abbaspour School of engineering photovoltaic panels the 

thermodynamic analysis, is preformed.  

Fig. 2. Energy production of the panels since April 2016 to March 2018. 

However, the results of the solar panel (shown in the Fig. 3) used to provide the energy that needs to drive 

the absorption cycle. The energy that demands from absorption cycle computed by the equations that 

introduced in Section 3 and with this data we can choose the best type of solar panel, and calculating the 

number of solar panel to drive the solar cycle. In economic part, the solar panel and whole absorption cycle 

Total cost = Total fixed cost +  Total variable cost.  (20) 

PV = f(t. i).  (21) 

PV = FV ∗ (1 + i)−n.  (22) 

NPW = PV(Benefits)–  PV(costs).                        (23) 
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price computed and imposed in the result section. These prices calculated with considering the engineering 

methods and annually inflation that can effect on the present work.    

Fig. 3. Photovoltaic panels of the Abbaspour School of Engineering. 

5|Results and Discussion 

5.1|Parametric Analysis 

Parametric study in order to investigation of effect of main decision variables on the cost and the COP of the 

system. First investigation is about the manipulation in the chilled water mass flow (ṁa). In Fig. 4 variation 

of the COP and cost with changing in the ṁa can be seen. This figure illustrate that COP is constant with 

changing in ṁa but cost increasing significantly.  

 

Fig. 4. variation COP and cost with changing 𝐦̇𝐚. 
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  Fig. 5 depicts how the cost and COP change in response to alterations in the mass flow of the solar cycle 

(ṁb). According  to the Fig. 5, cost increase very significantly and COP of the system decreasing with, raising 

the ṁb.  

Fig. 5. Variation COP and cost with changing 𝐦̇𝐛. 

Parametric studies were run to determine the optimal supply and demand temperatures for chilled water, and 

the findings are depicted in Fig. 6. It’s a suitable comparison between the cost and COP that illustrate low 

economic efficacy for the state that difference temperature increasing.   

Fig. 6. Variation COP and cost with changing difference temperature of the inlet and outlet chilled water.  

5.2|Optimization  

The outcomes of the optimization performed on the system under study are reported in this section. The 

optimal configurations of the investigated system are identified by optimising it with respect to two objective 

functions: the performance coefficient and the overall cost. The COP and the total cost of the system are 

both optimised using a genetic algorithm-based multi-objective approach. 

The Pareto front diagram depicted in Fig. 7 shows the optimal operating states for the PV-assisted double-

effects absorption chiller system. The findings demonstrate that a substantial range of variation exists between 

two established goal functions as a result of choosing between distinct states on the Pareto diagram. The 

results show that the system's price can shift anywhere from $940125 to $2112031 and that the COP can shift 
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between 0.235 and 2.324. On the Pareto diagram, there are four separate points that are shown in order to 

facilitate a better understanding of the behaviour of multiple optimum conditions. It is clear that moving 

from point D to point C will result in a significant rise in overall cost, whereas the COP value will only move 

within a limited range. 

In addition, for the purposes of this particular scenario, points A and C correspond to the single-objective 

optimization with the total cost and COP as the objective functions, respectively. 

The decision maker criteria play a significant role in selecting the optimal optimum state of the optimization 

problem. The concept of ideal point is an appropriate method for selecting a point as the system's optimal 

state, as it can help choose which point to choose. A hypothetical place on the Pareto front where the values 

of both objectives are maximised can be used to introduce the concept of the ideal point. A Pareto front 

diagram, also known as a Pareto front or Pareto frontier, is a graphical representation used in multi-objective 

optimization and decision-making to visually convey trade-offs between multiple conflicting objectives or 

criteria. It is named after the Italian economist Vilfredo Pareto, who introduced the concept of Pareto 

efficiency. Despite the obvious impossibility of the ideal point on the Pareto diagram, it might be useful for 

narrowing down a list of potential optimal conditions to a single one. Taking the best approach For the 

examined system, the optimal state B may be the one that minimises the difference between the current and 

ideal states. Both the COP and the total cost of the system come in at 2.036 for point B, with the total cost 

coming in at $1649804.4. 

Fig. 7. Pareto front diagram for studied PV assisted double effects absorption chiller 

based on COP and total cost objective functions. 

In addition to better understanding the characteristics of Pareto front diagram, the specification of different 

points is given in Table 1. 

Table 1. Specification of different points on the Pareto diagram include 

decision variables and objective functions. 
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  To better understanding the behavior of optimum state obtained using MOO GA based in Pareto front form, 

the scatter distribution of decision variables in various optimum states are illustrated in Fig. 8.a-8.c Generally 

more scattered distribution means that there is strong conflict between objective functions. As it can be seen 

in Fig. 8.a, the value of ṁa as the one of decision variables tend to be at the lower possible value in the range 

for this parameter. This trends mean that there is a weak conflict between defined objective functions with 

variation of ṁa. In addition, Fig. 8.b represents the distribution of ṁb in the range between 0.3 and 5 kg s-1. 

The result indicates that the optimum value of this parameter can be change between 1.6 kg s-1 and 3.2 kg s-

1. Selecting a unique value among the suggested by the MOO depends on the decision maker criteria. 

Fig. 8.c represent the scatter distribution of temperature difference of chilled water in the optimum states 

proposed by Pareto front. As it can be seen the values of temperature difference of chilled water is dispersed 

around 8 kg s-1 which indicated that there is not a strong conflict between objective function with changing 

this decision variable. 
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                                    c. 

 

Fig. 8. Scatter distribution of decision variables in their allowable range; a. mass flow rate of solar cycle, b. 

mass flow rate chilled water, c. temperature difference of chilled water. 

6|Conclusion 

Present study explores the use of photovoltaic panel to eliminate fuel consumption in the system through a 

complete thermodynamic and economic modeling appropriate criteria is defined and the change of 

parameters like chilled water discharge mass flow rate (ṁa) and solar panel discharge mass flow rate (ṁb) to 

find optimum state of cycle is investigated. The major conclusion of the present study can be expressed as 

follow: 

I. With increasing the chilled water mass flow, from 0.5 kg s-1 to 1 kg s-1 COP of cycle increase significantly 

and reached 1.5, while the cost of the instruments that used in cycle is constant. However, after 1 kg s-1 

approximately increasing in mass flow cannot make any change in COP and cost. 

II. With increasing the solar panel mass flow rate, from 0 kg s-1 to 3.5 kg s-1, COP was increased upto the mass 

flow rate of 1.8 kg s-1 and then witnessed a decline. Meanwhile the cost was decreasing in all mass flow 

rates.  

III. The study's results demonstrate that the optimal state achieved through the application of Multi-objective 

optimization based on a genetic algorithm is dependent on the decision-maker criteria. State B is the best 

possible configuration of the investigated system since it minimises the deviation from the ideal point. 

IV. This study in economic part that absorption chiller cycle driven by use photovoltaic solar panel, is not 

economically for areas, where access to the electric network. 

Future research can delve deeper into understanding the relationship between the mass flow rate of chilled 

water (m ̇ a) and the COP in photovoltaic-integrated double-effect absorption chillers. Investigate strategies 

and system modifications to counteract the observed decrease in COP as m ̇ a increases, aiming to maintain or 

enhance system efficiency under varying load conditions. 

   Author Contributions 

Saba Arshizadeh contributed to conceptualization, data analysis, and writing – original draft. Shoaib 

Khanmohammadi supervised the project and handled methodology and review. Ali Jahangiri assisted in 

investigation and validation of results. Seyed Mahdi Hossein Sajedi helped with data curation and 

7/25

7/75

8/25

8/75

9/25

0 25 50 75 100 125 150

Δ
T

 (
°C

)

Population



 Thermodynamic Modeling and Multi-Objective... 

 

44

 

  visualization. Hitesh Panchal contributed to the thermodynamic modeling and optimization. Chander Prakash 

participated in the review and editing process. Naveen Kumar Gupta was responsible for the technical 

support and supervision. 

   Funding 

This research did not receive any specific grant from public, commercial, or not-for-profit sectors. 

   Data Availability 

The data supporting the findings of this study are available within the paper and can be made available upon 

reasonable request from the corresponding author. 

   Conflicts of Interest 

The authors declare no conflicts of interest related to this work. 

References 

[1]  Khanmohammadi, S., Razi, S., Delpisheh, M., & Panchal, H. (2023). Thermodynamic modeling and multi-

objective optimization of a solar-driven multi-generation system producing power and water. Desalination, 

545, 116158. https://doi.org/10.1016/j.desal.2022.116158 

[2]  Assareh, E., Asl, S. S. M., Agarwal, N., Ahmadinejad, M., Ghodrat, M., & Lee, M. (2023). New optimized 

configuration for a hybrid PVT solar/electrolyzer/absorption chiller system utilizing the response surface 

method as a machine learning technique and multi-objective optimization. Energy, 281, 128309. 

https://doi.org/10.1016/j.energy.2023.128309 

[3]  Jahangiri, A., Ameri, M., Arshizadeh, S., & Alvari, Y. (2023). District heating and cooling for building 

energy flexibility. In Building energy flexibility and demand management (pp. 173–190). Elsevier. 

https://doi.org/10.1016/B978-0-323-99588-7.00008-0 

[4]  Lubis, A., Jeong, J., Saito, K., Giannetti, N., Yabase, H., Alhamid, M. I., & others. (2016). Solar-assisted single-

double-effect absorption chiller for use in Asian tropical climates. Renewable energy, 99, 825–835. 

https://doi.org/10.1016/j.renene.2016.07.055 

[5]  Hasan, M. H., Mahlia, T. M. I., & Nur, H. (2012). A review on energy scenario and sustainable energy in 

Indonesia. Renewable and sustainable energy reviews, 16(4), 2316–2328. 

https://doi.org/10.1016/j.rser.2011.12.007 

[6]  Wang, S. K., & Wang, S. K. (2000). Handbook of air conditioning and refrigeration. McGraw-hill New York. 

https://d1wqtxts1xzle7.cloudfront.net/58621136 

[7]  Kadam, S. T., Kyriakides, A.-S., Khan, M. S., Shehabi, M., Papadopoulos, A. I., Hassan, I., … & Seferlis, P. 

(2022). Thermo-economic and environmental assessment of hybrid vapor compression-absorption 

refrigeration systems for district cooling. Energy, 243, 122991. https://doi.org/10.1016/j.energy.2021.122991 

[8]  Hu, J., Teng, K., Qiu, Y., Chen, Y., Wang, J., & Lund, P. (2022). Thermodynamic and economic performance 

assessment of double-effect absorption chiller systems with series and parallel connections. Energies, 15(23), 

9105. https://doi.org/10.3390/en15239105 

[9]  Avanessian, T., & Ameri, M. (2014). Energy, exergy, and economic analysis of single and double effect LiBr-

-H2O absorption chillers. Energy and buildings, 73, 26–36. https://doi.org/10.1016/j.enbuild.2014.01.013 

[10]  Mussati, S. F., Gernaey, K. V, Morosuk, T., & Mussati, M. C. (2016). NLP modeling for the optimization of 

LiBr-H2O absorption refrigeration systems with exergy loss rate, heat transfer area, and cost as single 

objective functions. Energy conversion and management, 127, 526–544. 

https://doi.org/10.1016/j.enconman.2016.09.021 

[11]  Alahmer, A., Wang, X., Al-Rbaihat, R., Alam, K. C. A., & Saha, B. B. (2016). Performance evaluation of a 

solar adsorption chiller under different climatic conditions. Applied energy, 175, 293–304. 

https://doi.org/10.1016/j.apenergy.2016.05.041 



 Khanmohammadi et al.| J. Environ. Eng. Energy. 1(1) (2024) 32-46 

 

45

 

  
[12]  Jafarian, M., Arjomandi, M., & Nathan, G. J. (2013). A hybrid solar and chemical looping combustion 

system for solar thermal energy storage. Applied energy, 103, 671–678. 

https://doi.org/10.1016/j.apenergy.2012.10.033 

[13]  Choudhury, B., Saha, B. B., Chatterjee, P. K., & Sarkar, J. P. (2013). An overview of developments in 

adsorption refrigeration systems towards a sustainable way of cooling. Applied energy, 104, 554–567. 

https://doi.org/10.1016/j.apenergy.2012.11.042 

[14]  Lawson, M. B., Lithgow, R. A., & Vliet, G. C. (1982). Water-lithium bromide double-effect absorption 

cooling cycle analysis. ASHRAE trans. united states, 88. https://doi:10.2172/6727822 

[15]  Kaushik, S. C., & Chandra, S. (1985). Computer modeling and parametric study of a double effect 

generation absorption refrigeration cycle. Energy conversion and management, 25(1), 9–14. 

https://doi.org/10.1016/0196-8904(85)90063-9 

[16]  Xu, G. P., Dai, Y. Q., Tou, K. W., & Tso, C. P. (1996). Theoretical analysis and optimization of a double-

effect series-flow-type absorption chiller. Applied thermal engineering, 16(12), 975–987. 

https://doi.org/10.1016/1359-4311(96)00011-7 

[17]  Xu, G. P., & Dai, Y. Q. (1997). Theoretical analysis and optimization of a double-effect parallel-flow-type 

absorption chiller. Applied thermal engineering, 17(2), 157–170. https://doi.org/10.1016/S1359-4311(96)00021-

X 

[18]  Sun, D.-W. (1997). Thermodynamic design data and optimum design maps for absorption refrigeration 

systems. Applied thermal engineering, 17(3), 211–221. https://doi.org/10.1016/S1359-4311(96)00041-5 

[19]  Lubis, A., Jeong, J., Giannetti, N., Yamaguchi, S., Saito, K., Yabase, H., … & others. (2018). Operation 

performance enhancement of single-double-effect absorption chiller. Applied energy, 219, 299–311. 

https://doi.org/10.1016/j.apenergy.2018.03.046 

[20]  Shirazi, A., Taylor, R. A., White, S. D., & Morrison, G. L. (2016). Transient simulation and parametric study 

of solar-assisted heating and cooling absorption systems: an energetic, economic and environmental (3E) 

assessment. Renewable energy, 86, 955–971. https://doi.org/10.1016/j.renene.2015.09.014 

[21]  Bagheri, B. S., Shirmohammadi, R., Mahmoudi, S. M. S., & Rosen, M. A. (2019). Optimization and 

comprehensive exergy-based analyses of a parallel flow double-effect water-lithium bromide absorption 

refrigeration system. Applied thermal engineering, 152, 643–653. 

https://doi.org/10.1016/j.applthermaleng.2019.02.105 

[22]  Behzadi, A., Gholamian, E., Ahmadi, P., Habibollahzade, A., & Ashjaee, M. (2018). Energy, exergy and 

exergoeconomic (3E) analyses and multi-objective optimization of a solar and geothermal based 

integrated energy system. Applied thermal engineering, 143, 1011–1022. 

https://doi.org/10.1016/j.applthermaleng.2018.08.034 

[23]  Zheng, W., Yang, J., Zhang, H., & You, S. (2016). Simulation and optimization of steam operated double 

effect water-LiBr absorption heat pump. Applied thermal engineering, 109, 454–465. 

https://doi.org/10.1016/j.applthermaleng.2016.08.113 

[24]  Chahartaghi, M., Golmohammadi, H., & Shojaei, A. F. (2019). Performance analysis and optimization of 

new double effect lithium bromide-water absorption chiller with series and parallel flows. International 

journal of refrigeration, 97, 73–87. https://doi.org/10.1016/j.ijrefrig.2018.08.011 

[25]  Newnan, D. G., Eschenbach, T. G., & Lavelle, J. P. (2004). Engineering economic analysis (Vol. 1). Oxford 

University Press. https://doi.org/10.1016/j.renene.2015.09.014 

[26]  Ardalan, A. (1999). Economic and financial analysis for engineering and project management. Crc Press. 

https://doi.org/10.1201/9781482293951s 

 

 

 

 

 

 



 Thermodynamic Modeling and Multi-Objective... 

 

46

 

  
Appendix 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nomenclature 

𝐞. 𝐄̇ Specific exergy, exergy (kJ Kg−1),  (KJ) 

𝐡 Specific enthalpy (kJ Kg−1) 

𝐦̇ Mass flow     (kg s-1) 

𝐐̇ Heat transfer rate (𝐊𝐰) 

𝐓 Temperature    (℃) 

𝐭 Time (s) 

𝐖̇ Work transfer rate (𝐊𝐰) 

𝐗 Mass fraction of Lithium bromide in 

solution 

(-) 

Subscripts    

𝟎 Ambient  

1,̇2,̇… Represent state points in Fig. 1.  

𝐀𝐁𝐒 Absorber  

𝐚 Chilled water  

𝐛 Solar cycle  

𝐂 Condenser  

COP Coefficient of Performance  

𝐃 Destruction  

𝐄 Evaporator  

𝐞 Exit  

FV Future Value  

GA Genetic Algorithm  

HSX High-temperature solution heat exchanger     

HTG High-Temperature Generator     

𝐢 Inlet, represents the any component of the 

system  under consideration 

 

𝐢𝐧 Input  

𝐋 Loss  

LSX Low-temperature solution heat exchanger    

LTG Low-temperature generator  

NPW Net present worth  

𝐨𝐮𝐭 Out  

𝐏 Pump  

PV Present value  

PVT Photovoltaic/thermal  

𝐫 Refrigerant  

𝐬 Strong solution  

w Weak solution  

Greek letters       

 Represents sum of  


