
Experimental Analysis on Performance of Solar Cooling System in 

UAE Conditions  

Manoj Kumar Pokhrel
1
, Gaurav Pravinkumar Raval

2
, and Sujata Dahal

3
 

 
1
CSEM-uae Innovation Center LLC, AL Jazeera Al Hamra Area, Ras Al Khaimah, United Arab Emirates; Phone: +971-

72446929; Fax: +971 -72446951; E-mail: mpo@csem-uae.com 

2
CSEM-uae Innovation Center LLC; E-mail: gpr@csem-uae.com 

3
CSEM-uae Innovation Center LLC; E-mail: sda@csem-uae.com 

Abstract  

The availability of solar radiation in phase with the cooling requirements makes the approach of solar cooling 

the most sustainable cooling solutions for the Gulf countries in general and United Arab Emirates (UAE) in 

particular.  In this article, the performance of a 10 TR solar absorption cooling system, developed at Solar 

Outdoor Laboratory (SOLAB) of CSEM-uae  in Ras Al Khaimah (RAK) for the purpose of assessing the 

potential of applying solar cooling systems in this region. It was evaluated by experimental assessment and the 

results are co-related with simulation studies. Experimental results shows that the system operates with a 

thermal Coefficient of Performance (COP) in a range of 0.46 – 0.67 having worst performance in peak summer 

months. The projected performance outlook in South Africa (SA) conditions are better than UAE; however 

lower annual cooling period requirement in SA may hit the economic benefit of the solar cooling system if not 

properly conceived, designed and optimized with adapted operation strategy for the region.   
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1. Introduction  

The requirement to introduce and implement less-conventional energy intensive technologies for air-

conditioning systems especially using solar driven technologies is due to highest share of cooling devices in 

current consumption of electricity accounting to more than 60% [1] in residential buildings in RAK, UAE. 

Abundant average annual global irradiation of 538 W/m² [2], increased consciousness of environmental 

problems and increased interest of many countries to adapt “nearly zero energy” building concept [3] accounts 

for the need of research in renewable cooling technologies. Hence, CSEM-uae has established a solar cooling 

R&D facility in RAK, UAE to evaluate its techno-economic performance. Most of the works carried out by 

researchers in the past were based on simulation studies and theoretical evaluations [4] and very few 

experimental prototypes [5, 6] have been installed to evaluate the performance of the system. Therefore, a 

substantial comparison and experimental analysis was carried out to corroborate the simulation results and 

assess the feasibility of the technology for UAE in particular and Middle East and other locations in general. 

The decision and policy-makers could also consider the outcome to identify sustainable alternatives of fossil 

fuels applications in the existing market. 

The research demonstrates the experimental results of solar cooling system in UAE conditions with a projected 

outlook of SA considering weather conditions of Cape Town (CT) as a case study. It helps identifying and 

optimizing the technical performance of various components and the system as a whole for UAE and projects 

the feasibility outlook in different weather conditions like SA.  

1.1. System description 

The developed solar cooling system at SOLAB consists of single effect LiBr/H20 vapour absorption chiller, 

thermally powered with vacuum tube solar collectors to meet the specified cooling demands. The heat 

generated in absorber and condenser components of absorption chiller is dissipated to environment using wet 

cooling tower. The Fig.1 shows the schematic description of Solar cooling system with its major components. 



 

Fig. 1. A generic schematic description of the facility  

1.1.1. Solar Collectors  

The system comprises of 32 Evacuated Tube Collectors (ETC) (Model- SEIDO-1-16) with total aperture area 

of 96m². The field consists of 8 collector series arranged in parallel with 4 collectors in each series. 

1.1.2. Single-Effect Absorption Chiller 

A 10TR single effect LiBr/H20 vapour absorption chiller from Yazaki (WFC SC 10 Model) is used in this solar 

cooling system. It produces chilled water at temperature of 7°C at design point.  

1.1.3. Thermal Storage  

A stratified tank (Tisun Pro-heat: Model PH 1000B) having spherical heat exchanger connected to buffer tank 

(Tisun: Model PS 1000B) each having capacity of 980 liters works as hot water charging and storage. 

Similarly, another buffer tank of 980 liter capacity (Tisun: Model PS 1000B) works as chilled water storage. 

1.1.4. Wet Cooling Tower  

Induced draft counter-flow wet cooling tower [Liang Chi- Model number-LBC 50] is used to reject the heat of 

the system to the ambient. The capacity of sump is 400 gallons and it uses constant speed fan.  

1.1.5. Chilled Water Distribution  

The chilled water produced by chiller is stored in cold thermal storage tank and distributed through Fan Coil 

Units (FCUs) to meet the cooling demand of offices (3 portacabins and a tent) at SOLAB.  

1.2. Meteorological profile of RAK-UAE and CT, SA 

The weather data generated from Meteonorm Software for two different locations, RAK [25.68° N, 55.78°E] 

and CT [33.93°S, 18.60°E], are compared in the Fig. 2.  A peak monthly average Global Radiation Horizontal 

(GRH) of about 700W/m
2
 is observed in Fig. 2 (a) for both RAK and CT in months of May and December 

respectively, whereas minimum of about 350W/m2 for RAK and 250W/m2 for CT occurs in December and 

June respectively. The annual average GRH is about 538 W/m
2
 in RAK compared to that of 507 W/m

2
 in CT. 

Similarly, Fig. 2 (b) shows the ambient temperature and relative humidity profile of the respective locations. It 

can be observed that there is a huge deviation in the peak average temperatures of both the regions. For 

instance, the maximum average temperature is about 38°C in July for RAK, where as it is about 25°C for CT 

in January. However, CT is relatively more humid than RAK; for instance, the maximum average Relative 

Humidity (RH) is about 70% in June in CT, where 55% in January in RAK. Furthermore, December is having 

lowest average RH of 58% in CT compared to 31% in May in RAK.    



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. (a) Monthly variation of solar radiation (b) Monthly variation of temperature and humidity  

1.3. System modelling 

The system modelling platform mimicking the facility at SOLAB has been developed in TRNSYS [7] in-house 

CSEM-uae [8] to simulate the performance of system components and the overall system. Under-mentioned 

equations were used for computation of Collector Efficiency (η), Thermal Coefficient of Performance (COPt), 

Solar Fraction Cooling (SFC) and Specific Collector Yield (SCY) respectively [9] for performance assessment.  
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COP� � Q_���	�kW 
Q_���kW  

 

SFC � Total	chilling	energy	of	the	system
Total	cooling	requirement  

 

SCY � Thermal	energy	gain	�kWh 
Collector	area	�m�  

2.3.1. Annual cooling supply, demand and thermal COP prediction by simulation 

The day time cooling demand of three cabins and one tent having a total floor area of 117 m2 was estimated for 

an indoor set point temperature of 22°C. Fig. 3 (a) shows system’s SFC and SCY. The installed system has the 

capacity of meeting the cooling demand of eight months (with SFC ≥ 1.0) except June-September having 

higher SCY [9]. Fig. 3 (b) shows the hourly variation of the COPt that lies in the range of 0.60 – 0.80 with an 

average of 0.70 [9].  

 

 

 

 

 

 

 

 

Fig. 3. (a) Solar fraction cooling and specific collector yield (b) Thermal COP of the system [9] 
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2. Result and Discussion 

2.1. Collector-Storage performance 

 

Fig. 4. Collector-storage sub system experimental performance for a typical day of June in RAK, UAE  

Fig. 4 shows four different regions to evaluate the collector-tank sub-system performanance for a typical 

summer day of June. Region A and B shows the start up period of storage tank thermal charging and chiller 

start-up period. Region C indicates chilled water distribution period and, the region D indicates the behavior of 

the system during the later stage of the day when radiation is gradually decreasing. 

The region A demonstrates a high heating up period of 1.67 hours to increase top tank temperature from 67° to 

90°C with the development of gradual stratification between tank top and bottom temperature layers. The 

collector efficiency in this region is gradually increasing with very less value at start-up as the gained thermal 

energy needs to deal for heating up not only stored water but also the thermal mass of the collector and pipe 

system. The region B indicates sudden destruction of thermal stratificaiton in tank because of mixing due to 

direct hot water flow to the absorption chiller. Changing the tank and spherical heat exchanger charging 

system to maintain the stratification at design hot water flow rate of chiller or using coils in the stratified tank 

avoiding the circulation of stored stratified water could solve the issue.  Region C possesses a stable operation 

of the collector and storage system having best period for thermal energy gain. The region D possess gradual 

increase in collector efficiency even at lower incident radiation which can be attributed to  lower operation 

temperature of collector field without requiring pipe and storage thermal mass heating-up energy.  Table 1 

presents the operation parameter datails and importance of each region form thermal energy gain standpoint. 

Region Duration 

 ( Hours) 

Inc. Rad. 

(W/m
2
) 

Inlet Temp. 

(⁰C) 

Exit Temp. 

(⁰C) 

Delta T 

(⁰C) 

Coll. Eff.  

(%) 

Energy 

(kJ) 

A 1.67 588 76 84 8 36 124799 

B 0.5 682 89 101 11 44 52987 

C 2.83 709 93 106 13 46 322065 

D 3 395 85 94 9 58 232518 

Table 1.  Average values for collector gain for different stages of system operation 

2.2. Solar cooling system performance  

Fig. 5 presents instantaneous thermal COP, different temperatures and thermal powers related to chiller with 

respect to the real time ambient parameters. The higher the hot water inlet temperature from 70°C to 90°C and 

lower the cooling water inlet temperature from 35°C to 24°C, the better the performance of the absorption 



chiller at fixed flow rate at design point. The lengthy period of initial heating up in region A needs to be 

reduced or avoided by some means to make early start-up of the chiller to produce maximum chilled energy 

per day. Either exerting an  alternative heating up system in parallel to solar heating or by reducing the storage 

tank volume or by making the reduced volume storage charging system employing tank in tank concept, could 

be helpful for the early start up. The sudden drop of tank top temperature in region B reflects the destruction of 

stratification and invalidates the benefits of initial heating up to 88°C.  Also, it reflects exertion of sudden 

cooling load and transient, unsteady behaviour of chiller at start-up.  

 

Fig. 5. Solar cooling system experimental performance for a day of June in RAK UAE 

Similarly, the higher value of chilled power consumption during distrubution start up also attributes to the 

sudden exposure to a very high accumulated cooling load having big distribution pipeline volume. Proximity 

of the cooling load to the system facility helps in better utilization of the chilled energy. The fluctuations are 

observed in thermal COP despite having constant hot water inlet temperature at 80°C in region C due to 

fluctuations in cooling water inlet temperature because of humidity fluctuations also causing cooling load 

variation. Gradual decrease of incident radiation with gradual decrease of cooling load requires less chilled 

energy to maintain comfort conditions as reflected in region D. Better collector efficiency in region D helps in 

sustaining normal operation of the chiller even towards evening hours of solar cooling operation. 

The performance curve confirms that with the existing facility and cooling load, the solar cooling system can 

be operated for maintaining the comfort conditions in the air-conditioning space for at least 7 hours per day 

from 11:30 hrs in the afternoon till 17:30 hrs in the evening except during peak summer.  

2.3. A generic co-relation of simulation and experimental work 

A typical day performance comparison between experimental and simulation results of the solar cooling 

system for April is presented in Fig. 6(a) and Fig. 6 (b). Incident radiation values and trends match closely in 

both simulation and experiment but thermal COP is always having lower values in experiment than simulation 

with even worst at chiller start-up. The deviation could be the result of sudden exposure to transient conditions 

in experiment which was not considered in the simulation. Nevertheless, the fluctuations in the thermal COP  

follows the fluctuations of the performance governing factors; for instance, the fluctuations in inlet cooling 

temperature to the chiller can be seen reflected in thermal COP. The co-relation indicates further correction in 

the modeling typically considering transient conditions like sudden exposure to big cooling load at start-up and 

exact mimicking of heat loss and gain factor in pipelines along with improvement in stratified tank and heat 

exchanger behavior.  In summary, the developed modeling platform could be applied for the generic prediction 

of the solar cooling performance in UAE with some adjustment.    



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6. (a) (b) Performance comparison of simulation and experiment for a typical day in April  

Table 2. shows the performance variation of the solar cooling system at different test days and months. 

Experimental results show that thermal COP varies between 0.45 - 0.67 whereas simulation results show it 

around 0.7 throughout the year. The rejected energy is about 10-15% more than the sum of heating and chilled 

energy in experiment whereas it matches to the sum in simulation prediction.  Gross collector efficiency is 

above 50% in autumn and winter; however it is slightly less than 50% in summer days. Experimental results 

show that performance degrades in summer when the requirement is the most.   

Experiment 

Test Day 

Energy [kWh] 

Incident Coll. Gained Rejected Heating Chilled Coll. Gross η Thermal COP 

28-Nov-12 469.5 241.7 305.8 172.4 102 0.51 0.59 

31-Mar-13 564.2 308.9 345.3 179.9 107.6 0.55 0.60 

27-Jun-13 434.9 203.4 405.8 186.7 124.6 0.47 0.67 

8-Sep-13 457.7 214.6 407.6 278 128.8 0.47 0.46 

Simulation 

Test Day 

Energy [kWh] 

Incident Coll. Gained Rejected Heating Chilled Coll. Gross η Thermal COP 

28-Nov-12 476.5 250.7 377.4 222.4 154.9 0.53 0.70 

31-Mar-13 604 256.2 495.2 287.1 208.2 0.42 0.72 

27-Jun-13 418.2 247.4 435.2 255.9 179.4 0.59 0.70 

8-Sep-13 485.2 273.7 470.9 278.9 192 0.56 0.69 

Table2.  Experimental with respect to simulation performance comparison  

2.4. Projected outlook of solar cooling technology in South Africa   

 

 

 

 

 

 

 

 

Fig. 7. (a)  Global horizontal radiation availability (b) Diffuse horizontal radiation availability 

(a)                                                                                                           (b)  

 

(a)                                                                                                           (b)  

 



Hot and cooling water inlet temperatures to the absorption chiller that are the governing factors for better 

performance, are dependent on available radiation, ambient temperature and humidity. Therefore, assessment 

of these weather variables reflects the outlook of the solar cooling technology in SA. Fig.7 (a) shows that both 

locations are having very close global radiation availability hours ratifying similar potential of thermal energy 

gain. The trend of diffuse radiation availability in SA seems lower than UAE, as seen in Fig. 7(b), indicating 

the bad ambient conditions of UAE; resulting in gradual decrease in collector efficiency and thermal gain with 

each day of operation in UAE compared to SA.    

Ambient temperature availability greater than 22°C prevails for more than 3300 hours of the year in UAE as 

seen in Fig. 8 compared to only 1327 hours indicating moderate cooling duration requirement in SA. The 

ambient temperature greater than 27°C prevails for more than 2500 hours annually in UAE compared to only 

205 hours in SA, leading more operation hours of cooling tower fan in UAE thereby resulting in higher 

electricity and water consumption in UAE.  

 

 

 

 

 

 

 

 

Fig. 8. (a)  Ambient temperature, UAE v/s SA (b) Relative humidity, UAE v/s SA 

Despite of having higher RH throughout the annual operating hours than UAE as seen in Fig 8(a), SA 

possesses better outlook of wet cooling tower performance due to mild ambient temperature.  Alternative 

application of dry cooling tower for heat rejection could be a feasible option for SA. 

3. Conclusion 

The technical potential of solar absorption cooling technology exists in UAE conditions with thermal 

coefficient of performance varying in the range of 0.46 - 0.67 having worst values in peak summer months of 

July to September. Optimized design and selection of hot water storage tank and the maintenance of 

stratification in hot water storage tank through-out the operation period of chiller, are very important aspects to 

get maximum benefit with longer operation period of solar cooling system. Efficiency of the collector 

improves during later hours of the day indicating possibility of sustained normal operation of chiller when 

radiation level decreases in evening hours. Simulation system developed at CSEM-uae needs improvement to 

exactly mimic physical phenomena and components considering transient behaviour, more accurate pipeline 

heat loss and gain coefficients, storage tank stratification system and estimation of cooling load etc. Proximity 

of the cooling loads to the solar cooling production facility is essential to reduce parasitic electrical 

consumption. The weather conditions of CT, SA is favourable to operate solar cooling system, however, less 

requirement of cooling duration in CT than UAE conditions may hit the economic benefit of the installation if 

the system is not properly conceived, designed and utilized.  
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