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A b s t r a c t :  
 
 

 

Abstract: This thesis presents a comprehensive study of a hybrid photovoltaic/thermal (PVT) system performance dimensioned for 

cold production by adsorption. TRNSYS dynamic simulation software was used to simulate the system, considering 

meteorological conditions in Algiers, northern Algeria. The study takes into account the actual generation of thermal energy by the 

collectors, as well as the actual variation in performance of the adsorption chiller. The main objective is to dimension and 

optimize the solar system with thermal energy storage to guarantee stabilized cooling production throughout the year. 

Prior to this, an extensive literature review was carried out, examining PVT hybrid systems, solar sorption cooling systems, as 

well as existing research exploring the combination of these two technologies. 

 

Secondly, a numerical study of the PVT collector's exchanger geometry determined that the water table geometry offers the best 

thermal and overall efficiency. In addition, the temperature range of the hot water delivered by collectors with this geometry, 

notably DualSun manifolds, corresponds to the operating temperatures of adsorption solar chillers. Next, the PVT – Adsorption 

system components were dimensioned and a mathematical model was developed and validated by published experimental work. A 

study of the system's performance for cooling needs between 4°C and 8°C revealed that DualSun hybrid collectors offer optimum 

annual production. Furthermore, the adsorption cooling system is able to meet 36% of year-round demand. 

 

The temperature difference between the inside and outside of the cooling enclosure balances cooling supply and demand. It was 

also noted that thermal efficiency is strongly affected by ambient temperature, whereas electrical efficiency is more sensitive to 

solar radiation. 

 

Analysis of storage system losses showed that these depend, on the one hand, on the temperature difference between the inside and 

outside of the storage tank, with more significant values during the summer season. On the other hand, losses also depend on the 

volume of the storage tank, which has been optimized to limit heat exchange with the outside. 

Economic analysis of the proposed PVT – Adsorption system has revealed its viability under certain key conditions, mainly 

related to the cost of electricity. Profitability is achieved provided that the cost of electricity exceeds the threshold of 0.08 

USD/kWh. 

 

The environmental analysis determined the rate of mitigation of greenhouse gas emissions as a function of the conversion factors 

associated with electricity generation. The system contributes to the mitigation of around 30 tons of carbon dioxide per year. 

The performance of the PVT – Adsorption system was studied under different climates: Mediterranean, humid subtropical and arid 

desert. The results showed that the system is more productive in an arid desert climate and more efficient in a Mediterranean 

climate, which offers better regularity between cooling supply and demand. 

 

In sum, the combination of PVT and solar adsorption technologies is therefore proving to be an efficient way of producing cold, 

and can make a significant contribution to achieving sustainable development goals. 
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