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TOPIC:- SOLAR POWER REFRIGERATION SYSTEM 
Zeolites are an important class of materials for energy storage, heat-pump application, and solar 
refrigeration. They are mainly microporous, hydrated aluminosilicates (SiO4 and AlO4 
tetrahedra) that are found as natural minerals or synthesized in a great number of different 
forms. The general chemical composition of a zeolite is: Mnx/nSi1 -xAlxO2 · yH2O with M = e.g. 
Na+, K+, Li+, Ag+, NH4+, H+, Ca2 +, Ba2 +… 
 
Their porosity can be determined from their crystalline structure, because the pores are 
arranged in a regular way with a limited number (usually one) of district pore sizes of molecular 
dimensions. Four groups of pores can be categorized (Ng and Mintova, 2008): ultra-large (more 
than 14-membered ring), large (12-membered ring), medium (10-membered ring), and small 
(eight-membered ring) pores. In the zeolite structure, the negative framework charge, which is 
due to aluminium isomorphic substitution, is compensated by the usually exchangeable 
counterions in the cavities. Therefore, zeolites are highly hydrophilic materials, and in their voids 
and pores, water molecules can be found either as a hydrated sphere of the exchangeable 
cations or else they are attracted by OH surface groups. The amount of adsorbed water is 
usually the measure of zeolites’ porosity, and it can be removed by heating. Due to the strong 
interaction between the charged framework and the water molecules, high temperatures (> 200 
°C) are needed for complete water removal. These temperatures are suitable for solar heat 
energy systems but limit the potential zeolite’s application in building integrated solar cooling. 
 
Photovoltaic-powered solar cooling systems 
Y. Li, R.Z. Wang, in Advances in Solar Heating and Cooling, 2016 
 
10.4.1 Energy performance of photovoltaic-powered air conditioners 
Simulation models were developed to compare five types of solar cooling systems and their 
performances throughout a year in a subtropical city that commonly features long, hot, and 
humid summers [29]. The solar cooling systems included solar electric compression 
refrigeration, solar mechanical compression refrigeration, solar absorption refrigeration, solar 
adsorption refrigeration, and solar solid desiccant cooling. The solar PV cooling system, the air 
side system, and the corresponding control provisions were built using TRNSYS and TESS. The 
schematic diagram of the PV cooling system is shown in Fig. 10.4. 
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Figure 10.4. Schematic diagram of heating, ventilating, and air-conditioning system designed 
with PV cooling [29]. PV, photovoltaic; PR power regulator; DC, direct current; AHU, air handling 
unit; C, controller; T, temperature sensor. 
 
The key performance indicators used in the study included SF, COP, solar thermal gain, and 
primary energy consumption. In addition, different installation strategies and types of solar 
collectors were compared for each kind of solar cooling system. It was found that solar PV 
cooling and solar absorption cooling had the highest energy saving potential in subtropical Hong 
Kong. These two solar cooling systems would have even better performances through the 
continual advancement of the solar collectors. It will provide a promising application potential of 
solar cooling for buildings in subtropical regions. 
 
In another modeling analysis, a comparison of solar thermal and solar electric cooling for a 
typical small office building exposed to two different European climates (Freiburg, Germany and 
Madrid, Spain) was conducted by Hartmanna et al. [30]. The investigation was based on load 
series for heating and cooling obtained from annual building simulations in TRNSYS. A 
conventional compression chiller was used as the reference system against which the solar 
options were evaluated with respect to primary energy savings and additional cost. A parametric 
study on collector and storage size was performed for the solar thermal system to achieve the 
minimal cost per unit of primary energy saved. The simulated solar electric system consists of 
the reference system equipped with a grid-connected PV module that can be varied in size. For 
cost comparison of the two systems, the electric grid is assumed to function as a cost-free 
storage. A method to include macroeconomic effects in the comparison was presented and 
discussed. It was found that within the system parameters and assumptions used in the study, 
the grid-coupled PV system leads to lower costs of primary energy savings than the solar 
thermal system at both locations. The presumed macroeconomic advantages of the solar 
thermal system, due to the nonusage of energy during peak demand, were confirmed for 
Madrid. 
 
A solar PV air-conditioning system was proposed and investigated for different evaporating 
temperatures and months in the city of Adana, located in the southern region of Turkey [31]. 
The hourly cooling load capacities (heat gain) of a sample building during the 23rd days of May, 



June, July, August, and September were determined by using meteorological data such as 
hourly average solar radiations and atmospheric temperatures. The hourly total heat gain of the 
sample building comprising a wall, a window, humans, illumination, and devices were 
determined by using the Cooling Load Hourly Analysis Program (HAP) 4.4. The hourly 
variations of various parameters such as the COP, condenser capacity, and compressor power 
consumption were calculated. In addition, the minimum PV panel surface area was determined 
to meet the compressor power demand according to the hourly average solar radiation data. For 
evaporating temperature Te = 0°C, the maximum compressor power consumption was obtained 
as 2.53 kW at 3:00 pm on August 23. The required PV panel surface area was found to be 
approximately 31.26 m2. It was concluded that the PV air-conditioning system could be used for 
home/office-cooling purposes during the day in the southern region of Turkey. 
 
A systematic simulation study was performed to evaluate the overall performance of PV 
compression cooling systems in office buildings for six different climatic conditions worldwide 
[32]: Cologne, Germany; Stuttgart, Germany; Barcelona, Spain; Madrid, Spain; Jakarta, 
Indonesia; and Riyadh, Saudi Arabia (Table 10.1). For each climate three different building load 
scenarios were considered and simulated: Case A with high internal loads for a well-insulated 
building, Case B with low internal loads for a well-insulated building, and Case C with average 
internal loads in a poorly insulated building. 
 


