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ABSTRACT 

 

 One of the biggest problems in the world that we live in nowadays is the 

environmental pollution caused by an overconsumption of energy. When fossil fuels 

are burned to generate energy, it emits CO2, which is a leading cause of air pollution. 

Solar energy has the potential to replace fossil fuels as an alternative source of 

renewable energy. A photovoltaic solar system is one type of solar system that can 

convert the sun's light into electrical energy. One of the issues with PV panel is the 

high temperature of PV cells, especially in summer season when the ambient 

temperature can rise up to 50. As the temperature of solar modules increases, both 

the output power and the efficiency of PV panel decrease. To improve overall 

performance while extending the solar module's lifespan, this study proposes 

lowering photovoltaic cell temperature by using water cooling chamber installed at 

the back side of the PV panel. The proposed solar panel was developed and designed 

through both experimental study and ANSYS Fluent simulation. The photovoltaic 

module that was designed has a water-cooling chamber for the purpose of providing 

cooling under the condition of Erbil city. The rear side of the photovoltaic panel is 

cooled using water cooling chamber. The water-cooling chamber can absorb heat 

dissipation from the photovoltaic panel. The proposed cooling system for the solar 

panel is a closed cycle, and the cooling water is in contact with the back of the PV 

panel at different flow rates.  According to experimental setup, the maximum water 

flow rate of 3.5 l/min gives the optimal heat transfer rate. Finally, results 

demonstrated an improvement in electrical efficiency by the following percentages: 

10.42%, 11.87%, 13.77%, 18.09%, and 19.72% when the water volume flow rates 

of 1.5, 2, 2.5, 3, and 3.5 l/min, respectively, were applied. Meanwhile, the thermal 

efficiency of the PV system is 49.7% with a water flow rate of 1.5 l/min. and, the 



VIII 
 

thermal efficiency recorded 79.2% when the system operated at a flow rate of 3.5 

l/min.  
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CHAPTER ONE 

 

INTRODUCTION  

 

 1.1 The Background  

 The residential sector consumes a significant amount of overall energy, 

accounting for nearly one-third of global energy consumption. Today, the energy 

sectors divided into two types: non-renewable and renewable.  

 Non-renewable sources of energy pollute the environment and have limited 

resources. Non-renewable resources, like coal, fossil fuel oil, natural gas, etc., can 

always be taken out from the earth, but it will run out over time. Most of the power 

generation comes from the combustion of fossil fuels. Fossil fuels could generate 

high amounts of energy from a single source.  Also release CO2, which is the most 

significant cause of air pollution. This has aided in the rate of global warming. In 

addition, they might cause problems for people's health (Patel and Beik, 2021, 

AHMED et al., 2020). While renewable energy sources may consider as an 

alternative for using the traditional source of energy (fossil fuel).    

 A renewable resource has a natural resource that doesnôt affect on the 

environment. Renewable sources are abundant in nature and are environment 

friendly. The most common kinds of renewable energy are as follows: Solar energy, 

geothermal energy, wind energy, biomass energy, and the hydropower energy.  



2 
 

 Solar energy is considered as the most ancient source. An instrument that converts 

the solar radiation into thermal energy or electrical energy is called a solar collector. 

A photovoltaic solar panel is one kind of solar collector. 

 Figure 1.1 illustrates that the brown places have plenty of solar energy resources, 

while in the light-colored places' solar energy is not suitable for photovoltaic 

systems. The world's best areas for total solar intensity and periods of sunlight 

include North Africa, the Middle East, Mexico, and the United States southwest; 

Europe's south; Africa; South America; and China's western regions (Wang and Lu, 

2016). Therefore, Iraq and our region is considered as a suitable region to install 

photovoltaic panels for utilizing the solar energy. 

 

Figure 1. 1 Direct solar irradiation maps from around the world (Wang and Lu, 2016). 

 

 Due to rapid growth in the infrastructure of Erbil city, the need for of electrical 

power has increased dramatically (Ministry of electricity). Therefore, finding 

alternative sources of energy has become a crucial factor. The sun and the solar 

radiation can provide the planet with even more energy than it is required or used. 


















































































































































































































































