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ABSTRACT:  
Consistently increasing CO2 emission and ozone depletion from CFC’s are serious environmental issues challenging 

scientific community. The dependence on fossil fuels has to be reduced and alternative environmental friendly options need 

to be explored. In this aspect, vapour absorption system gives scope of utilizing low grade energy source i.e. solar panel for 

generating cooling effect which is dominated by high grade energy driven compression technology. The Li-Br aqueous 

solution based absorption cycle consists of four stages: generation, condensation, evaporation and absorption with ideally no 

moving part. Absorption refrigeration system provides large potential for reducing heat pollution of the environment. This 

paper describes simple absorption refrigeration system using Li-Br / H2O as a working pair. The simulation of the system 

was carried out using Engineering Equations Solver. Results of simulated performance of this system and the effects of the 

refrigeration load inlet temperature on the coefficient of performance, COP of the system are given. The performance of the 

system increased with increasing initial temperature of the cooling load. The effects of changing refrigeration load inlet 

temperature have been investigated and shown.  
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INTRODUCTION: 

Since the beginning of the last century, average 

global temperature has risen about 0.6 K according to 

UN Intergovernmental panel on climate change. It is 

also warned that the temperature may further increase 

by 1.4-4.5 K until 2100. Having realized the 

seriousness of the situation, the world community 

decided to take the initiatives to stop the process. One 

of such effort is the Kyoto protocol, a legally binding 

agreement under which industrialized countries will 

reduce their collective emission of greenhouse gases 

by 5.2% compared to the year 1990. Especially 

regarding the reduction of carbon dioxide, being the 

inevitable by-product of industrial activities, 

industries should improve facilities and processes to 

achieve the goals. Refrigeration industry is one of 

those hardest hit by the effect of the protocol. In 

Europe, use of HFC134a will be banned for the air 

conditioning units in new cars. Inspection and 

monitoring are required for all stationary HFC based 

refrigeration, air conditioning and heat pump units 

for the safe containment of HFCs. Reduction of 

energy consumption for refrigeration, however, 

cannot be relied solely on the improvement of 

efficiency. Reduction in use of synthetic refrigerants 

and production of co2 provide a new opportunity for 

solar refrigeration. Considering cooling demand 

increases with intensity of solar radiation, solar 

refrigeration has been considered as a logical 

solution. In the 1970s solar refrigeration received 

great interests when the world suffered from oil 

crisis. There were many projects for the development 

of solar refrigeration technologies and solar 

refrigeration continued to be an important issue. A 

variety of solar refrigeration technologies have been 

developed and many of them are available in the 

market at much cheaper prices than ever.[1] 

Solar energy is very large inexhaustible source of 

energy. The power from the sun intercepted by the 

earth is approximately 1.8 ×10
11

 MW which is much 

more larger than the present consumption rate on the 

earth of all commercial energy sources. Thus, solar 

energy could supply all the present and future energy 

needs of the world on the continuing basis. This 

makes it one of the most promising of the 

unconventional energy sources. In addition to its size, 

solar energy has two other factors in its favor. First 

unlike fossil fuels and nuclear power, it is an 

environmental clean source of energy. Second, it is 

free and available in adequate quantities in almost all 

parts of the world where people live. However, there 

are many problems associated with the use of solar 

energy. The main problem is that it is a dilute source 

of energy. Even in the hottest regions on earth, the 

solar radiation flux rarely exceeds 1kWh/m2 and the 

total radiation over a day is best about 6 

kWh/m2.These are low values from the point of view 

of technological utilization. Consequently, large 

collecting areas are required in many applications and 

this result in excessive costs. A second problem 

associated with the use of solar energy is that its 

availability varies widely with time. The variation in 

availability occurs daily because of the day-night 

cycle and also seasonally because of the earth’s orbit 

around the sun. In addition, variation occurs at a 

specific location because of local weather conditions. 

Consequently, the energy collected when the sun is 

shining must be stored for use during periods when it 

is not available. The need for storage significantly 

adds to the cost of the system. Thus, the real 

challenge in utilizing solar energy as an energy 

alternative is to address these challenges. One has to 

strive for the development of cheaper methods of 

collection and storage so that the large initial 

investments required at present in most applications 

are reduced.[2] 

Solar energy is mainly exploited in two ways. It can 

be converted to either heat or electricity. Converting 

solar energy into heat is possible by using solar 

thermal energy technologies. Converting solar energy 

directly to electricity is achievable by using 

photovoltaic cells. Also there are other ways of 

converting solar energy into electricity by using solar 

thermal energy technologies. Energy (heat or 

electricity) obtained from solar energy technologies 

can be used for many purposes such as drying, 

heating, cooking, cooling, desalination. Solar thermal 

energy describes all technologies that collect sunlight 
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and convert their electromagnetic energy into heat, 

either for directly satisfying heating/ cooling needs or 

for producing electricity. In order to increase 

efficiency, high temperatures are necessary for 

electricity generation from solar thermal processes. 

These high temperatures can be obtained by using 

concentrating solar power technologies. 

Advantages of solar thermal system are as follows: 

• Reduces dependency on imported fuel. 

• Improves the diversity of energy supply. 

• Saves scarce natural resources. 

• Saves co2 emission at very low cost. 

• Curbs urban air pollution. 

• Owner of these systems save substantially 

on their heating/cooling bills. 

• Creates local job and stimulates local 

economy.[3] 

System description: 

The solar-powered absorption cycle consists of four 

major parts, i.e., a generator, a condenser, an 

evaporator and an absorber. These major components 

are divided into three parts by one heat exchanger, 

two expansion valves and a pump. Schematic 

diagrams of the solar-powered cooling system are 

shown in Figures 1.  

 
Figure 1. Schematic diagram of the absorption 

cycle 

Initially, the collector receives energy from sunlight 

and heat is accumulated in the storage tank. 

Subsequently, the energy is transferred through the 

high temperature energy storage tank to the 

refrigeration system. The solar collector heat is used 

to separate the water vapour, stream number 2, from 

the lithium bromide solution, stream number 3, in the 

generator at high temperature and pressure resulting 

in higher lithium bromide solution concentration. 

Then, the water vapour passes to the condenser where 

heat is removed and the vapour cools down to form a 

liquid, stream number 4. The liquid water at high 

pressure, stream number 4, is passed through the 

expansion valve, stream number 9, to the evaporator, 

where it gets evaporated at low pressure, thereby 

providing cooling to the space to be cooled. 

Subsequently, the water vapour, stream number 5, 

goes from the evaporator to the absorber. Meanwhile, 

the strong lithium bromide solution, stream number 

3, leaving the generator for the absorber passes 

through a heat exchanger in order to preheat the weak 

solution entering the generator, and then expanded to 

the absorber, stream number 6. In the absorber, the 

strong lithium bromide solution absorbs the water 

vapor leaving the evaporator to form a weak solution, 

stream number 7. The weak solution, stream number 

8, is then pumped into the generator and the process 

is repeated. Generally, the heat is removed from the 

system by a cooling tower. The cooling water passes 

through the absorber first then the condenser. The 

temperature of the absorber has a higher influence on 

the system efficiency than the condensing 

temperature of the cooling tower where the heat is 

dissipated to the environment. In the case that the sun 

is not shining, an auxiliary heat source is used by 

electricity or conventional boiler to heat the water to 

the required generator temperature. It is highly 

recommended to use a partitioned hot-water storage 

tank to serve as two separate tanks. In the morning, 

the collector system is connected to the upper part of 

the tank, whereas in the afternoon, the whole tank 

would be used to provide heat energy to the system. 

A number of experimental and theoretical studies of 

solar-powered air-conditioning systems have been 

done in the past. Wilbur and Mitchell compared 

theoretically single-stage, lithium bromide-water 

absorption cooling system heated from flat-plate 

solar collector to an ammonia-water system, and the 

lithium bromide system was preferred. It was shown 

that it required smaller cooling towers than the 

conventional one. 

Li and Sumathy experimentally studied a solar-

powered absorption air conditioning system of 

lithium bromide-water solution as the refrigerant 

fluid. Their experimental results showed that using a 

partitioned hot-water storage tank is necessary to 

enhance the reliability of the system and achieve a 

continuous process operation.  

Florides et al. numerically studied a solar absorption 

cooling system with TRNSYS simulation program 

for the weather conditions of Nicosia, Cyprus. A 

system optimization was carried out in order to select 

the appropriate type of collector, the optimum size of 

the storage tank, collector slope and area under the 

two most favourable thermostats setting of the 

auxiliary boiler. The final optimized system consisted 

of a 15 m2 compound parabolic solar collector tilted 

by 30o from the horizontal and a 0.6m3 hotwater 

storage tank. 

Atmaca and Yigit developed a modular computer 

program for a solar-powered single stage absorption 

cooling system using the lithium bromide-water 

solution as their working refrigerant. They examined 

various cycle configurations and solar energy 

parameters at Antalya, Turkey. The effects of hot 

water inlet temperatures on the coefficient of 

performance (COP) and the surface area of the 

absorption cooling components were studied. The 

minimum allowable hot water inlet temperatures or 

reference temperature effects on the coefficient of 

performance were examined as part of their research. 

Their results showed that the increment of reference 

temperature decreases the absorber and solution heat 

exchanger surface area, and increases the system 

COP, while the size of the other components remains 

unchanged. 
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Atmaca and Yigit showed that evacuated, selective 

surface solar collector is the best option for the 

effective operation of their solar-power absorption 

cooling system. Their results showed that solarpower 

absorption cooling system requires a high 

performance collector. 

Florides et al. presented a method to evaluate the 

characteristics and performance of a single stage 

LiBr-water absorption machine. The heat and mass 

transfer equations including the appropriate equations 

of the working fluid properties were employed in a 

computer program as part of their research. The 

sensitivity analysis results showed that the greater 

difference between inlet and outlet concentrations of 

the LiBr-water solution at the absorber will reduce 

the mass flow rate.  

Florides et al. Determined the cost for a domestic size 

absorber cooler, and concluded that despite the high 

price of the LiBr–water absorption cooling system in 

comparison with a electrical chiller of similar 

capacity, the absorption system remained favorable 

due to the use of renewable energy sources and waste 

heat, whereas the electric chiller uses electrical power 

that is produced from fossil fuels and has harmful 

effects on the environment. 

Assilzadeh et al. studied a solar absorption cooling 

system that has been designed for Malaysia climate 

and similar tropical regions using TRNSYS 

numerical simulations. They used evacuatedtube 

solar collector for energy input to the absorption 

cooling system and Lithium bromide-water mixture 

as the working fluid. They proved that evacuated tube 

solar collector provides high cooling performance at 

high temperature due to its high efficiency under this 

weather condition. The results showed that the 

cooling capacity of the system is large during periods 

of high solar radiation energy. The authors suggested 

a 0.8 m3 hotwater storage tank in order to increase 

the reliability of the system and to achieve 

continuous operation for a 3.5 kW (1 refrigeration 

ton) system consists of 35 m
2
 evacuated tubes solar 

collector sloped by 20o as an optimum system at 

Malaysia’s weather condition. 

By means of EES program basic characteristics of the 

system were evaluated at different operating 

conditions. For example, varying inlet temperatures 

of refrigeration load were investigated in a parametric 

analysis and some of the remarkable performances 

were as shown in figures 2 through figure 4. Figure 2 

indicates that an increase in the refrigeration load 

inlet temperature causes an increase in COP. COP is 

the criteria of performance of the system and was 

obtained to be 0.93. This is acceptable for a simulated 

system. This result is significant since by nature the 

tropical climate is subject to varying refrigeration 

load consequent upon relatively varying ambient 

temperature. Figure 3 shows that the increased inlet 

temperature of the refrigeration load caused the finite 

temperature difference between the hot and cold 

solutions to decrease. This development is significant 

since low finite temperature difference is good 

requirement for conduction of heat at low 

irreversibility in the solution heat exchanger. 

However, the increase in inlet temperature could 

cause both weak and strong solutions of the system to 

become more concentrated as illustrated in figure 4. 

A continued increase of solution concentration will 

result in crystallization of the refrigerant. This 

characteristic behaviour can be employed as control 

strategy in prevention of crystallization if the inlet 

temperature that corresponds to the crystallization 

point for LiBr/H2O system is known. 

 
Figure 2. COP increases with refrigeration load 

inlet temperature 

In a parametric analysis of ambient temperature, COP 

and effectiveness it was observed that COP and 

effectiveness increased linearly as the ambient 

temperature was varied. Figure 5 shows this 

relationship. The relationship between effectiveness 

of heat exchanger and COP of the system on 

variation of ambient temperature is noteworthy since 

both are measures of performance. The overall 

system performance is measured by COP while 

effectiveness is a measure of heat exchanger 

performance. The implication of this result is that 

choice of ambient temperature is critical to operation 

of absorption cycle in a tropical region than it is for 

temperate region where its value remains nearly 

constant. 

 
Figure 3. Variation of SHX temperature with 

changes in load inlet temperature 

 
Figure 4. Influence of changing inlet temperature 

on solutions concentration. 
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CONCLUSION: 

A configuration of a simple LiBr/H20 absorption 

system is developed in this paper. The effects of 

changing refrigeration load inlet temperature have 

been investigated and shown. The variation of inlet 

temperature at constant solutions flow rates and 

constant external heat supply rate impacts on the 

performance index of the system and the 

effectiveness of solution heat exchanger. However, 

unlimited upward variation of inlet temperature of 

refrigeration load brings the system near its 

crystallization point. The implications of this 

behaviour for real absorption refrigeration system 

design are clear. With the current results tropical 

ambient conditions, particularly temperature will 

boost adoption of absorption refrigeration system. 

The application of the system in Nigeria would not 

only ensure comfort for improved productivity at 

workplaces and homes but could complement 

strategy to achieve healthy society, job creation and 

poverty reduction, which are indices for sustainable 

development. 
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