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ABSTRACT 

Absorption chillers as cooling machines use thermal energy instead of electrical energy to produce cold. 

Therefore, solar chillers can be used as appropriate alternatives for gas and evaporative coolers which have higher 

electricity consumption. Solar energy in such devices decreases the expenses of fuel greatly. The present paper 

utilizes genetic algorithm (GA) for the problem of optimal chiller load (OCL). The problem of Lagrange method 

is that it lacks convergence in low demands, while (GA) does not. In fact, using part load ratio (PLR) and the 

operators of genetic algorithm, cause to obtain results with higher speed and accuracy.  The present paper by 

modeling and optimization using differential evolution algorithm method by MATLAB software, presents the 

layout and arrangement of the absorption chillers in a building, assuming that the energy needed for balancing the 

temperature inside is specified, as a result the most optimal condition is obtained that indicates the best energy 

consumption by the chillers. 
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INTRODUCTION 

Heating and cooling systems in buildings have progressed with the advancement of technology. Optimal designing 

of appliances that consume energy cause tending to renewable energies such as solar energy; thus playing a main 

role in the reduction of energy consumption.     Since renewable energies produce no or a little greenhouse gases,  

in the near future solar green energy takes the first place of consumption in the world. Generally there are two 

kinds of chillers, type one is vapor absorption, type two is vapor compression. Vapor compression chillers 

consume too much electrical energy, so nowadays absorption chillers are widely used. Absorption chillers on the 

contrary to compression chillers utilize nothing that is detrimental to the ozone layer, so they are not harmful to 

the environment. They use thermal energy instead of electrical energy for producing cold. Since they consist of 

fewer moving parts in comparison to compression chillers, and because of the fact that their pumps rotates, 

maintenance expenses are highly reduced. Besides their noise is much less than compression chillers.  

Also, they almost have no vibration. There are different types of absorption chillers: 

1- No-Frost Hot Water Chillers

2- Single Effect Vapor Chillers   

3- Double Effect Vapor Chillers 

4- Direct Fired Chillers 

There are different types of direct fired chillers:1- Local Integrated Chillers 2- Silica Gel Adsorption Chillers 

(They use silica gel which is adsorbent instead of  Lithium  Bromide). Chow et al. [1] in 2002 using optimization 

methods on the basis of genetic algorithm and neural network, optimized an absorption chiller system. They 

utilized appropriate algorithm and the cost function below to perform the optimization. 
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K.C. Ng, et al. [2] in 1999 presented a thermodynamic model for an absorption chiller and its equipment, in order 

to optimize it. Xu G. et al. [3] in 1996 in a study performed analytical analysis  and optimization of an absorption 

chiller, and presented results for recovery coefficient and effectiveness coefficient of low-temperature heat 

exchanger. Chen et al. [4] in 1999 did the same study. Q indicates transferred heat, X is a relevant component of 

the cycle, and  C indicates the specific heat of the cooling fluid. 
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Myat Aung et al. [5] in 2011 using second rule of thermodynamic, performed minimizing the increase of entropy 

on an absorption chiller. Then by entropy balancing on each of the specific components of the model, optimization 

carried out. Yu Si-Wan et al. [6] in 2013 carried out a study on methods of controlling the optimization of thermal 

pumps and absorption chillers that consume geo-thermal energy. Relations of the modeling are based on formula 

4.  MBE is a method for designing absorption chillers which is also called Molecular Beam Epitaxy. 
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Jan Albers [7] in 2014 in a study introduces a new absorption chiller with new control method that has been used 

in chiller systems with auxiliary solar energy equipment in Germany. He has presented the results of this survey 

according to differences in cost on the basis of cold and warm temperatures. Zouhour Sayadi et al. [8] in 2013 

surveyed the optimization of the function of a solar absorption chiller that works with light hydrocarbons. 

Godarzi et al. [9] in 2013 in a study surveyed a  PCM (Phase Change Material) storage system, and its usage in 

solar chillers. PCM is a useful way to improve the buildings thermal performance. They used exergoeconomic 

analysis and genetic algorithm in this study. PCM can be used in the walls of buildings with thermal energy storage 

tanks. PCM walls function depends on several factors including: PCM melting point, temperature change range 

of the walls, heat capacity of the walls, the way it is applied in the walls, and climate conditions. These walls 

prevent increasing the interior temperature and keeps it balanced. In a nutshell PCM keeps the indoor temperature. 

In most parts of the world concrete is used widely for constructing residential and commercial buildings. Since 

concrete has high heat capacity, it absorbs the heat of the sun greatly, and gives it to the building during the night. 

In order to increase the heat capacity of the concrete, PCM can be used in it. Wen-Shing et al. [10] studied the 

results of differential evolution algorithm optimized model and Lagrange method and particle swarm algorithm, 

in order to analyze the speed of convergence and solution accuracy of them.  

MATERIALS AND METHODS 

Optimization of Solar Absorption Chillers: Air conditioning system designers usually use multiple-chiller 

systems. Flexibility, ready capacity and availability are main characteristics of these systems. The systems in peak 

hours and partial peak hours have the highest efficiency. Figure 1 shows a multiple-chiller air conditioning system. 
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                                                               Figure 1. Multiple-chiller system 

In chiller number one ( primary part ) there is a constant fluid flow which prevents entering the fluid with very 

low temperature into the chiller and destroying it. In the load part ( secondary part ) there is a two-way valve that 

adjusts the amount of cold water entering the cooling coils according to the load changes. The cooling load of a 

room that has air conditioning system can enter a chiller system and be sent to its surroundings. Therefore cooling 

load of the chiller is measured on the basis of ton, thus: 
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Here f is the amount of chiller discharge (kgs-1(, m is specific heat capacity of the water of the chiller ( Jkg-1K-1 

(,TCHr  is the temperature of the returned water from the chiller, and TCHs is temperature of the water that enters 

the chiller. Water flow entering the chiller is fixed and constant, so the cooling load can be calculated by measuring 

the temperature of the water that enters and returns from the chiller. The input power into the chiller (kw) is 

measured by a power meter, and the chart  PLR-KW is determined. The changes in the consumption load can 

also be calculated by measuring the current and the temperature in the load part. In a multiple-chiller air 

conditioning system, the best function is when the least amount of power is consumed while the needed 

consumption load is provided. Generally cooling load of the chiller is determined by a parameter called PLR in 

which the amount of cooling load of the chiller is divided by its nominal capacity. In partial loads the consumption 

of centrifuge chillers is very high because of the engine energy losses. Also in high cooling loads due to the low 

efficiency of the heat transfer, chiller's consumption is very high. So the curve KW according to PLR is a concave 

curve that can be estimated by: 

2 3

i i i i i i i iKW a b PLR c PLR d PLR                                                                                                                (6) 

In which ai, bi, ci, di   are the coefficients of curvature KW according to PLR. In the problem of optimization of 

the chiller, calculating the output of chillers is in a way that it does not exceed limits of the chillers and minimizes 

the objective function below:  
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In the relation above n  is the number of chillers. Meanwhile the equilibrium equation must be satisfied. 
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In the relation above RT is the nominal capacity of the chiller and CL is the needed cooling load for the whole 

system.   
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Genetic Algorithm 

Genetic algorithm as a special type of evolutionary algorithm, is considered as the most usable meta-heuristic 

search technique in optimization; as a result, their offspring have a great chance to inherit those features. The 

present paper is going to find the optimal values of the PLR of each chiller in each cooling load. PLR of the 

chiller is a number between 0 and 1. If an air conditioning system has three chillers, and if we regard the number 

of the PLR of each chiller equivalent to a gene, so every three genes are equal to one chromosome in genetic 

algorithm. The objective function in the genetic algorithm is to minimize the total consumption load. 

Implementation of differential evolution  algorithm needs includes three units: initial population, crossover, and 

mutation. Crossover and mutation have the responsibility of regeneration. The initial population after entering the 

generation cycle - on the basis of the characteristics of the offspring and the former generation - produces a new 

generation. Initial population is produced at random, before entering the generation production cycle. Regarding 

the identity of the problem, initial population is defined at the beginning of the algorithm. For producing the first 

generation, a population with random members and genes according to the problem needs must be created in order 

to be used as the starter of the generation. Start of the activity of the evolution algorithm is based on this initial 

population and its improvement. Mutation and crossover operators are applied on this initial population then the 

first generation is formed. After creating  the first generation, there is no need for this initial population anymore, 

and the next generation is generated on the basis of the former one. 

Crossover in all meta-heuristic algorithms the initial solutions  must change in a way that tend to be optimized. 

Crossover operator as one of the main stages in generation creation  in differential evolution algorithm, plays a 

main role for creating a generation with high advantages and features in comparison to its former generation. The 

main operator of the production of a new generation in the multiplication stage is crossover. Crossover rate as a 

significant factor can have a vital effect on the new generation. This number determines the number of the 

participants in the crossover, which is between 0 and 1. The best crossover rate is between 0.8 to 0.95. To perform 

this operator, two parents must be selected from the present generation. Mutation one of the stages of differential 

evolution algorithm is mutation. Changes in evolutionary algorithm from one generation to another is done by the 

crossover and mutation operators. Mutation operator with low probability can generate an offspring from the 

former generation that has better characteristics in comparison to its parent, as a result, it leads the problem to 

more suitable solutions. In mutation stage for generating each offspring, only one parent is needed. That offspring 

is selected in different methods such as Roulette Wheel, tournament, and random selection.  

Differential evolution algorithm method also known as the evaluation function which is specific and unique in 

each problem, should be used as the evaluation criterion for selecting the members of the next generation. At first 

the amount of differential evolution algorithm method for each member is calculated, then the best solutions are 

chosen according to the objective of the problem and the number of the needed members for the next generation. 

The purpose of the problem can be minimization or maximization of the algorithm function. If the generated 

outcome are closer to the target vector, they substitute their parent and then are transferred to the next generation, 

or else the parent is transferred to the next generation. When the next generation is created, crossover, mutation 

and selection processes are repeated for the next generation until finally the problem reaches a suitable convergent 

solution. The objective function in genetic algorithm is calculated as follows:   
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The error function is calculated as follows: 
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If the error function equals zero, it means that the demanded load from the system exactly equals the provided 

load. In every generation the objective function and the error function must be determined, then their minimum 

and maximum values in each generation should be calculated. The normalized values of these two parameters are 

calculated as follows:  
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%OB is the percentage value of the objective function before the normalization. After the normalization of the 

two parameters in each generation, the purpose is to minimize the values of them, i.e. : 

 % %MinFit Min OB ER                                                                                                                                 (13) 

RESULTS AND DISCUSSION 

Simulation by Genetic Algorithm in MATLAB 

In order to simulate the previously mentioned process, a three-chiller system with the specifications below is 

considered: 

Table 1. Chillers data [11] 

chiller ai bi ci di capacity 

one 95/100  61/818  43/973-  55/788  800 

two 598/66  34/606  58/380-  95/275  800 

three 09/130  50/304  377/14  80/99  800 

 

In the table 1, there is the nominal capacity of each chiller and the specifications of the curve  KW- PLR. In this 

simulation four parameters ai, bi, ci, di     of the PLR of the chillers ought to be selected in way that not only meet 

the needs of the cooling load, but also consume the least power consumption. According to the method, the genetic 

algorithm is carried out and optimal solution regarding the capacity needed for the system is obtained. 

In table 2, at first there is needed load percentage considering the total capacity of the chillers, then there is 

optimum PLR of each chiller. After that it shows the needed cooling load. Finally it shows the cooling load 

provided by chillers. The provided load by the chillers nearly equals the needed cooling load. 

Table 2. Measured loads 

𝑼𝒄𝒉𝒊𝒍𝒍𝒆𝒓𝒔 𝑼𝒏𝒆𝒆𝒅𝒆𝒅 

 

𝑷𝑳𝑹𝟑 

 

𝑷𝑳𝑹𝟐 

 

𝑷𝑳𝑹𝟏 load 

478.0781 480 0.437 0.145 0.0181 %20 

717.1406 720 0.6361 0.2056 0.0562 %30  

957.716 960 0.7222 0.3188 0.1587 %40  

1197.6 1200 0.8599 0.3735 0.2661 %50  

1439.5 1440 0.9351 0.4829 0.3813 %60  

1678.1 1680 0.9995 0.6216 0.4790 %70  

1918.5 1920 0.9976 0.9009 0.4976 %80  

    

In this simulation the population number of each generation is considered 100 chromosomes, the mutation rate is 

%5, and the number of generations is 100. In charts 2 to 7 that has been done by computer programming, the 

needed power for the collection of chillers in the needed cooling loads are according to the number of generation 

in genetic algorithm. The amount tends to minimization.   
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Figure 2. chiller's consumption and production by 480 kw. 

 

Figure 3. chiller's consumption and production by 720 kw. 

 

Figure 4. chiller's consumption and production by 960 kw. 
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Figure 5. Chiller's consumption and production by 1200 kw. 

 

Figure 6. Chiller's consumption and production by 1400 kw. 

 

Figure 7. Chiller's consumption and production by 1680 kw. 

In figure 8, the chart of PLR percentage according to power error has been verified. According to this figure in 

reference [11] the average difference is about 0. 4 percent, and the results of the present paper with the average 

difference 0. 35 is very close to the reference paper. By dint of GA method, the answer is very close to the optimal 

value, so the problem of not reaching the convergence is out question. 
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Figure 8. PLR percentage according to power error 

Cooling and heating load of the building has been calculated, then it was optimized, the results of the whole 

building load is as follows: 

Table 3. Final cooling load calculation 

 heat Latent 

cooling 

Sensible 

cooling 

Load KW 

168220 54331 244437  

 

Table 3, shows the final results of cooling load of the building, including sensible and latent cooling and the total 

cooling. In order to simulate, genetic algorithm has been used; considering three-unit chillers established in the 

building and the chart of KW – PLR, which their nominal capacity is specified. Optimum values of PLR for each 

of the three units in heating and cooling loads has been calculated. The chart of KW-PLR was considered as a 

cubic curve, and the table below shows their rate coefficients and total nominal capacity of each chiller.            

Table 4. Rate coefficients and total nominal capacity of each chiller 

capacity di ci bi ai chiller 

150000 173481 214154.6-  180094.2 22209 Chiller1 

150000 60709 83727.6-  133394.8 14651.56 Chiller2  

150000 21956 3162.94 66990 28619.8 Chiller3 

 

As the optimal value of the chillers is based on the cubic curve, in Table 4 the fixed values of these variables has 

been calculated. After performing genetic algorithm, the values of PLR in heating and cooling loads are obtained. 

Table 5 shows the optimal value of the PLR of each chiller regarding (a,b,c,d) as optimized values. Although all 

the three chillers are equal in type and capacity, the structure of the system and the extensive performance caused 

differences in the temperature of the cold water and discharge, as a result there are different coefficients.       

Table 5. Optimal value of the PLR of each chiller 

𝑼𝒄𝒉𝒊𝒍𝒍𝒆𝒓𝒔 𝑷𝑳𝑹𝟑 𝑷𝑳𝑹𝟐 𝑷𝑳𝑹𝟏 Needed    

load 

Load  

KW 

298750 0.9966 0.5974 0.4067 298762 heating 
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166090 0.6812 0.3054 0.144 164220 cooling 

 

CONCLUSION 

This paper deals with the optimization of solar absorption chillers by differential evolution algorithm method, 

cooling and heating load of the building has been calculated, then it was optimized, the results of the whole 

building load is as follows. Cooling load of chillers is calculated by a parameter called PLR in which cooling load 

of the chiller is divided by its nominal capacity. In partial loads the consumption of centrifuge chillers is very high 

due to the engine losses. Moreover, in high cooling loads, the consumption of the chiller is very high, as a result 

of low efficiency of heat transfer. By genetic algorithm high speed of performance and low difference results can 

be obtained. We can conclude that genetic algorithm is one of the best methods of finding the best optimal value. 

The future of this problem ought to focus on large scale systems and optimization of chillers. The waste heat of 

the chillers can be recovered for heating purposes of the system. 
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