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Abstract— At present, the greater use of air-conditioning 

systems led to an expansion in the use of electrical energy 

highlighting the contemporary energy crisis.Excessive use 

of air-conditioning systems has led to significant increase of 

energy consumption. An air-conditioning system utilizing 

solar energy would generally be more efficient, cost wise, if 

it is used to provide both heating and cooling requirements 

in the field it serves. Various solar powered heating systems 

have been tested extensively, but solar powered air 

conditioning systems have received very little attention. 

Solar powered absorption cooling systems can serve both 

heating and cooling requirements in the field it serves. 

Therefore experimental analysis of solar powered absorption 

cooling system is going to be carried out with Li-Br water 

pair. Also economic analysis of the solar powered 

absorption cooling system will be taken.results for three 

days have been considered in analysis. The average 

coefficient of performance was achieved during the 

experiment was 0.33. The maximum and minimum value of 

cop is 0.21 and 0.35 respectively. Room temperature 

achieved in between 22 to 25 .therefore, moderate amount 

of cooling has been achieved. The economic analysis shows 

that the cost of the system is still higher. 

Keywords: absorption system, solar cooling system,co-

efficient of performance 

I. INTRODUCTION 

Solar air conditioning (SAC) is the process of converting 

solar heat energy into cooling air. It takes the general air-

conditioner role with lower negative environmental impacts 

as well as lower energy consumptions. Solar cooling reduces 

the electricity requirements; reduces the operational cost and 

decreases the Green House Gas emissions. SAC is a 

practical solution towards air conditioning requirements 

through providing the maximum cooling while making 

smaller contribution to maximum load hence decreasing the 

need for peak supply infrastructure expansion and 

neutralizing the electricity price rises.  

 
Fig. :Solar cooling technologies 

A perfectly designed SAC system will provide 

cooling with lower fossil fuel energy consumption than 

conventional air conditioning the process generates the 

electricity for the pumps; cooling towers, and the cooling 

distribution network. Besides, there is a backup energy 

source for when there is no solar radiation. 

II. CLOSED SORPTION CYCLE SOLAR COOLING:  ABSORPTION 

CYCLE 

Absorption cycles are considered as one of the oldest 

refrigeration technologies. The refrigerant side of the 

absorption cycle essentially works under the same principle 

as the vapor compression cycle. However, the mechanical 

compressor used in the vapor compression cycle is replaced 

by the thermal compressor in the absorption cycle. The 

thermal compressor consists of an absorber, desorber 

(generator), and solution pump as shown in fig1.6.  

 
Fig. :1.5 absorption cycle 

In the absorber, the absorbent-rich solution is 

diluted with the refrigerant. During this process, the 

absorber is cooled in order to keep its pressure at a low 

level. Then, the solution pump increases the pressure of the 

absorbent/refrigerant mixture to the high pressure level. The 

power consumption of the solution pump is relatively small 

as compared to that consumed by a mechanical compressor. 

Since the refrigerant is more volatilethan the absorbent, it is 

separated from the solution whenadequate heat is added in 

the desorber. 

III. LITERATURE REVIEW 

Since the introduction of the solar air conditioning system, 

there have been many research studies going around. Many 

researchers have found new things related with the solar 

cooling system and implemented it. Some of the studies 

succeed and some of them failed. Because of these reason 

constant work on this system is necessary for continuous 

development of solar cooling technology. In this chapter 

some of the previous research studies have presented with 

important parameters, results and conclusions. 
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A. Experimental, Numerical And Analytical Studies 

Ali al-Alili et Al (1) presented different cooling 

technologies assisted with solar.Solar cooling is a good 

example of addressing climate changes. In this paper, 

overviews for working principles of solar thermally operated 

cooling technologies and reviews for advancements of such 

technologies from the most recent publications. Researches 

of solar absorption cycles investigated new refrigerant 

absorbent pairs and various system configurations that could 

lead to increasing solar fraction and extending the cycle 

operation. Researches of solar adsorption cycles focused on 

the development and testing of various adsorbent refrigerant 

pairs, improving cycle components, and increasing the 

system efficiency. For the ejector cycles, many studies 

focused on using computer models and experimental works 

to investigate the performance of the ejector and find the 

key parameters affecting its operation. The adsorption 

cycles are operated using lower regeneration temperatures 

than other two cycles, while the ejector cycles require higher 

driving temperature. In addition, the absorption cycle COPs 

are the highest, while the ejector cycle COPs are the lowest. 
Nipon Ketjoy, et Al(2)presented to evaluate the 

performance of a 35 kW LiBr-H2O absorption machine 

driven by 72 m2 heat pipe evacuated tube collector with a 

gas backup system, by analyzing the COP based on the 

manufacturer’s specifications. The results from this study 

showed that actual average COP of the system was 0.33 

while the maximum and minimum values were 0.50 and 

0.17 respectively. These results were obtained based on the 

average collector efficiency and the solar fraction of 0.55 

and at an ambient temperature of 32 °C. 

A. González-Gil, et Al (3) presented a new direct 

air-cooled single-effect Li-Br H2O absorption prototype is 

described and proposed for use in solar cooling. As 

distinguishing aspects, it presents: an adiabatic absorber 

using flat-fan sheets; an air cooling system that directly 

refrigerates both the condenser and the absorber and; the 

possibility of being operated also as a double-effect unit.A 

solar facility comprising a 48 m2 field of flat-plate 

collectors was used to test the single-effect operation mode 

of the prototype. Results from an experimental campaign 

carried out in Madrid during summer 2010.The prototype 

worked efficiently, with COP values around 0.6. Cooling 

power varied from 2 kW to 3.8 kW, which represented 

about 85% of the prototype’s nominal capacity.The system 

was able to meet 65% of the cooling demand corresponding 

to a room of 40 m2. 

J.D. Marcos et. Al (4) presented a new method to optimize 

the COP in water- and air-cooled single and double effect 

LiBr/H2O absorption chillers. This method determines the 

effect of condensation temperatures and the solution 

concentration variation on COP, clearly defining the 

crystallization limit for different scenarios.Taking this into 

account a simulation program has been developed to 

calculate the optimum COP. In the case of parallel flow 

double effect chillers this program estimates not only the 

optimum COP but also the percentage of refrigerant vapour 

generated in the high and low temperature desorbers in 

terms of the condensation temperature. In water-cooled 

single effect chillers the maximum COP for TCOND of 

25 C, 30˚C, 35˚C and 40˚C is reached when DX is 6.7%, 

7.5%, 8.3% and 7%, respectively. The optimal COP values 

range from 0.85 to 0.74 with desorber temperatures ranging 

from 57.8˚C to 92.8˚C. In air-cooled single effect chillers, 

the maximum COP for TCOND of 45˚C, 50˚C and 55˚C is 

attained when DX is 6.5%, 5% and 3.9%, respectively; the 

respective COP values range from 0.72 to 0.65, and the 

desorber temperatures from 98.5˚C to 110.1˚C. 

B. Kundu et Al (5)presented to analyze the 

collector performance parameters of a solar-assisted 

LiBr/H2O vapor absorption cooling system with a flat-plate 

collector consisting of an absorber plate of different 

profiles.The effect of the collector fluid inlet temperature on 

the performance of solar collector, vapor absorption cycle, 

vapor absorption system and refrigerating efficiency has 

been studied for a wide range of design variables.A 

comparative study has also been made among the 

performance parameters of an absorber plate of different 

shapes with the variation of collector fluid inlet 

temperature.The performance of a solar-assisted absorption 

system depends significantly on the collector fluid inlet 

temperature, and it does not depend considerably on the 

shape of the absorber plate adopted. 

R.K. Al-Dadah, (6) presented experimental work 

on a solar assisted vapour absorption air conditioning 

system using Propane (refrigerant) and Alkylated Benzene 

(AB300erefrigeration lubrication oil, absorbent). The vapour 

absorption system is a single stage absorption consisting of 

evaporator, absorber, generator and condenser. The system 

is equipped with heat pipes installed between the absorber 

and the pre-generator to recover the heat of absorption. 

Experiments at various evaporator, absorber and generator 

temperatures showed that the coefficient of performance of 

the system increases with increasing the generator 

temperature and with decreasing the absorber temperatures. 

The absorption system gave an effective cooling capacity of 

1.3 kW. The COP increased with higher generator 

temperature. However, for the absorber, the system COP 

increases with decreasing the absorber temperature. The 

COP found up to 1. 

Handong Wang, (7) developed a new style 

diffusion-absorption refrigerator (DAR) with solution 

pumps. It can be driven by low-temperature heat sources, in 

which LiNO3-NH3-He is used as working fluids and an 

adiabatic spray absorber with a plate-type solution cooler is 

designed to enhance the mass and heat transferA typical 

operating experiment shows when temperatures of heat 

source (hot water temperature Tws, Tg, Ta and Tc are 92.7, 

87.0, 29.6 and 21.6, respectively, the lowest Te is -13.0 the 

corresponding refrigeration capacity and coefficient of 

performance (COP) are 1.9kW and 0.156, respectively. 

A. Elsafty, et Al (8) presented an analysis of the 

general cost associated with single- and double-effect 

vapour absorption and vapour compression air-conditioning 

systems. The cost analysis covers the initial costs and the 

operating costs of each of the three systemsUsing the 

present worth comparison method: the total cost of the 

double-effect vapour absorption system is 45% less than that 

of the single-effect system and the double-effect system 

costs 30% less than the vapour compression system.Using 

the equivalent annual comparison method: the total cost of 

the double-effect vapour absorption system is 45% less than 

that of the single-effect system andthe double-effect system 

costs 37% less than the vapour compression system. The 
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results show that the double-effect vapour absorption system 

is the preferred option for its minimum present worth value 

as well as the equivalent annual cost. 

Sahar Fayad et Al (9) presented an analytical study 

to perform on solar energy utilization in space cooling using 

a solar Li-Br absorption system.Numerical simulation of 

solar absorption machine under daily variable solar flux is 

presented in three different cities.This simulation illustrates 

the temperature variation through all parts of the machine 

and computes the maximum collector length relative to each 

city. For example if the collector length is bigger than 240 

meters in Beirut, the glycol inside will evaporate.Rich 

solution temperature is the most important parameter to 

compute the auxiliary power needed to assure the desired 

comfort. 

Marderos Ara Sayegh et Al (10) aims to investigate 

the theoretical behavior of thermal parameters and their 

interaction in absorption cooling systems powered with solar 

energy, which use thermal storage tank and auxiliary heater, 

with flat plate solar collectors.To achieve this goal, a 

computational program is prepared to estimate the behavior 

of different thermal characteristics and coefficients of an 

absorption cycle in range of generator temperature varies 

between 80 and 100°C, and an evaporator temperature 

varies between 5 and 15°C  for a climatic 

conditions.Research found that there is a good agreement 

between our computational results with comparison to 

practical results [COP between0.65 and0.75, ɳ=25 to29%] 

D.S. Kima et Al (11) is presented of the different 

technologies that are available to deliver refrigeration from 

solar energy. The review covers solar electric, solar thermal 

and some new emerging technologies. A comparison is 

made between the different solutions both from the point of 

view of energy efficiency and economic feasibility. Solar 

thermal with single-effect absorption system appears to be 

the best option closely followed by the solar thermal with 

single-effect adsorption system and by the solar thermal 

with double-effect absorption system options at the same 

price level. 

M. Izquierdo et Al (12) conducted trials to 

determine the performance of a commercial 4.5kW air-

cooled, single effect Li Br/H2O absorption chiller for 

residential use. Three typical August days, with different 

outdoor temperatures, were chosen for the study. The hot 

water inlet temperature in the generator varied throughout 

the day from 80 to 107˚C.Thermal demand was calculated, 

along with period energy balance and COP.The total energy 

supplied to the generator came to 1085.5 kWh and the heat 

removed in the evaporator to 534.5 kWh. The average COP 

for the period as a whole was 0.49. When the electric power 

used by auxiliary equipment was factored into the equation, 

primary energy based COP came to 0.37. 

J. Aman et Al (13) developeda thermodynamic 

model based on a 10 kW air cooled ammonia-water 

absorption chiller driven by solar thermal energy. Both 

energy and exergy analyses have been conducted to evaluate 

the performance of residential air cooling system. Energy 

and exergy analyses in this paper offer a simple method to 

identify where losses are taking place in the small ammonia-

water absorption cooling system. Analyses shows that the 

absorber is where the most exergy loss occurs (63%) 

followed by the generator (13%) and the condenser 

(11%).Furthermore, the exergy loss of the condenser and 

absorber greatly increase with temperature, the generator 

less so, and the exergy loss in the evaporator is the least 

sensitive to increasing temperature. 

Francois Boudehenn et Al (14) presentedthe 

prototype of a thermally driven ammonia-water absorption 

chiller of 5 kW cooling capacity for solar cooling 

applications. In order to characterize various component 

technologies and different optimization components, the 

prototype is monitored with temperature, pressure and mass 

flow rate accurate sensors. The experimental thermal COP is 

about 0.65 while a poor efficiency (0.16 instead of 0.83 

planned) of the solution heat exchanger was detected. The 

experimental results are far from the numerical ones. 

Martin Ssembatya et Al (15) presented the 

performance of a 10 TR solar absorption cooling system was 

evaluated by TRNSYS simulation. The system used for 

simulation studies was developed at SOLAB of CSEM-UAE 

for the purpose of assessing the potential of applying solar 

cooling systems in this region. Simulation results show that 

the solar cooling system is operated at optimum COP [0.6-

0.8] and the chilling capacity is sufficient throughout the 

year except June-Sept due to low SFC. The low SFC for the 

months of June- September can be improved either by 

increasing the total gross area to 150 m2. Study shows that 

solar cooling in UAE has very huge potential for 

replacement of the conventional fossil powered air-

conditioning systems. 

Author 

[Year] 

Workin

g Fluid 

Collect

or Type 

Heat 

Capacit

y. kW 

Are

a 

  

    

Co-

efficient 

of 

Performan

ce 

J.D.Marcos 

et al[2011] 

   
     

ETC 5 11 0.4 

Lizarte et 

al[2012] 
    

   
⁄  ETC 4.5 9.4 0.62 

Agyenim et 

al[2010] 
    

   
⁄  ETC 4.5 2.7 0.66 

Hidalgo[20

08] 
    

   
⁄  FPC 35 1.4 0.33 

Balghuthi et 

al[2008] 
    

   
⁄  FPC 11.31 2.7 0.74 

Al-Alili et 

al[2012] 

   
     

ETC 10 6 0.55 

Rosiek and 

Battles 
    

   
⁄  FPC 51.4 3.1 0.76 

Table : Summary of literature review 

IV. OBJECTIVE OF THE WORK 

This research based on solar assisted conditioning system 

focuses on the absorption cooling system. Therefore, here 

we experimentally try to analyze the absorption cooling 

cycle at lower operating temperature which can give higher 

co-efficient of performance. The main objective of this 

research is: 
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(1) Theoretical analysis of LiBr-water absorption 

system 

(2) Design and Experimental analysis of the solar air 

conditioning system based on absorption system.    

(3) Economic Analysis of the Solar Absorption 

Conditioning System 

V. EXPERIMENTAL SETUP 

Fig. : Libr Absorption System 

Heat and Mass balance for each component: 

#1. Condenser: 

        

    (     )      
#2. Expansion Valve: 

        

     (           )  
#3. Evaporator: 

         

    (      )    

#4. Absorber: 

Total mass balance 

           
    (   )  

Mass balance of pure water  

  (     )    (     )    
Solving for λ, 

  
   

       
 

              (   )       

#5.Solution Pump: 

          

   (   )  (     )      

#6. Solution Heat Exchanger: 

          

          

    (   ) (     )    (     )    
#7. Generator: 

         

Heat input to the generator 

            (   )      

And last Co-efficient of Performance [COP]: 

    
  

     
 

Neglecting pump work 

    
  
  

 

 
Fig. : Solarpanel and Charge Controller 

VI. EXPERIMENTAL RESULT AND DISCUSSION 

The following table shows the reading taken for the solar 

absoprption cooling system. 

Sr. No   ˚   ˚   ˚   ˚ COP 

1 55 33.1 37 11.5 0.23 

2 56 33.7 36.5 11.2 0.21 

3 57 34.2 36.2 11.1 0.24 

4 58 34.8 35.4 10.8 0.25 

5 59 35 35.1 10.3 0.23 

6 60 35.6 34.6 9.8 0.27 

7 61 36.1 34.2 9.2 0.29 

8 62 37.2 33.9 8.9 0.26 

9 63 38 33.5 8.7 0.3 

10 64 40 33.2 8.3 0.47 

 

VII. CONCLUSION 

LiBr-water absorption conditioning system based on solar 

gives considerable amount of cooling. The performance of 

the system calculated as between 0.21 to 0.35.The maximum 

coefficient of performance arrived is 0.35 and minimum  

value is calculated as 0.21The room temperature is varied 

between 22 C to 25 C, This result shows shows that 

considerable amount of cooling has been achieved. 
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