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ABSTRACT 

 

The aspects of technology have influenced contemporary architecture, especially those 

related to the environmental control organization. Wind turbines and Solar systems are one 

of the environmental control systems. As it is known, Northern Cyprus suffers from an 

acute energy problem and scarcity due to the greater dependence on Fossil fuel. The 

research aims to design and solar PV system in Güzelyurt, Northern Cyprus. In order to 

achieve the objective of the study, the researcher used the descriptive analysis provider, 

collecting information about the research problem through the available information in 

books, periodicals, journals, and some specialized Internet sites. The researcher concluded 

that the solar home system can be considered one of the best solutions to reduce electricity 

consumption and green gas emissions in the selected region. Therefore, the Techno-

economic evaluation of a 1kW grid/grid-off connected PV system has been made. It is 

found that the average percentage of reduction in electric consumption generated by diesel 

fuel is about 30% per year. The results concluded that the proposed renewable system 

could be used as a power generating for small households in Güzelyurt.  It is one of the 

new methods of architectural formation, affecting the overall shape of the building and the 

outer and inner space as well as Where the color and texture express modernity and 

sophistication. 

 

Keywords: Güzelyurt; grid/grid-off connected; solar home system; Techno-economic; PV  

                  System 
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ÖZET 

 

Teknolojinin yönü çağdaş mimariyi, özellikle çevresel kontrol organizasyonu ile ilgili 

olanları etkiledi. Rüzgar türbinleri ve Güneş sistemleri, çevresel kontrol sistemlerinden 

biridir. Bilindiği gibi, Kuzey Kıbrıs, fosil yakıtlara olan bağımlılığın artmasından dolayı 

akut bir enerji problemi ve kıtlığından muzdarip. Araştırma, Kuzey Kıbrıs'ta Güzelyurt'ta 

PV sistemi tasarlamayı ve güneş ışığını tasarlamayı amaçlamaktadır. Araştırmanın amacına 

ulaşmak için araştırmacı, tanımlayıcı analiz sağlayıcısını kullanarak, araştırma problemi 

hakkında kitap, dergi, dergi ve bazı özel internet sitelerinde bulunan bilgiler aracılığıyla 

bilgi toplayarak kullandı. Araştırmacı, güneş enerjisi sisteminin, seçilen bölgedeki elektrik 

tüketimini ve yeşil gaz emisyonlarını azaltmak için en iyi çözümlerden biri olarak kabul 

edilebileceği sonucuna varmıştır. Bu nedenle, 1kW grid / grid-off bağlı PV sisteminin 

Tekno-ekonomik değerlendirmesi yapılmıştır. Dizel yakıtın ürettiği elektrik tüketimindeki 

ortalama azalma yüzdesinin yılda yaklaşık% 30 olduğu bulunmuştur. Sonuçlar, önerilen 

yenilenebilir sistemin Güzelyurt'ta küçük haneler için enerji üreten bir güç olarak 

kullanılabileceği sonucuna varmıştır. Binanın genel şeklini ve dış ve iç mekanı etkileyen, 

ayrıca renk ve dokunun modernliği ve sofistike ifadesini ifade ettiği yeni mimari oluşum 

yöntemlerinden biridir. 

 

Anahtar Kelimeler: Güzelyurt; ızgara / ızgara bağlantısı kapalı; güneş ev sistemi; 

Techno- ekonomik; PV sistem 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 Background 

Natural resources available from new renewable energy sources and energy efficiency 

policies play a key role in energy sustainability and provide the potential and resources, 

which are utilized according to their technical and economic feasibility to implement a 

package of policies that take into account the social and economic dimensions of the 

different groups in each country (Owusu and Asumadu-Sarkodie, 2016; Unesco, 2010).  

With the conviction of the need to conserve, the available energy resources and reduce the 

pollution of the environment calls for the solidarity of everyone - in their respective fields - 

to reach a specific and clear goal of sustainable energy and more local participation in the 

manufacture of products.  

This works needs to develop projects and raise the standard of living of the citizens in the 

countries, especially in rural areas, create jobs, attract more foreign investment and 

encourage the private sector to participate effectively in this area. The availability of 

energy services to meet human needs is of paramount importance to the three pillars of 

sustainable development. 

The availability of electricity and other modern energy supplies and services are necessary 

but insufficient requirement for economic and social development (Bergasse et al., 2013). 

Reducing poverty requires other things such as clean water, adequate health services, a 

good education system, and communication networks. 

Electricity provides the best and most efficient lighting and is essential for the operation of 

all household appliances. Kerosene and LPG are more efficient than conventional biomass 

fuels for cooking, and diesel and heavy fuel oil are more economical in heating 

(Pawłowska, 2017). As for the basic fuels used in transport, diesel and gasoline are still in 

the lead (Pawłowska, 2017). 

 



2 
 

Studies show that in 2003, 64.3 million people in some countries (21.4%) of the population 

did not have access to electricity, which is a serious alarm that needs to start serious and 

effective efforts to reduce poverty and lack of energy supplies (Nalule, 2018). On the 

energy production side, the energy sector in most of the countries is characterized by a 

huge oil and gas sector as well as a large electricity generation sector, dominated by 

thermal generation systems.  

 The main dependence in the provision of electric power in most of the countries is focused 

on the use of thermal plants and thus increasing the use of fossil fuels, which raises the 

rates of environmental pollution (Pode, 2013). 

1.2 The Concept of Renewable Energy 

Renewable energy is the energy generated by renewable natural resources quickly and 

permanently (Sissine, 2006). This is also called permanent energy, as opposed to non-

renewable depleted energy from the combustion of fossil fuels in all forms such as 

petroleum, oil and natural coal as well as natural gas, as well as nuclear fuel used in reactor 

experiments. The most prominent sources of renewable energy include wind, fallen or 

running water, sunlight and dam water, as well as seawater movement from waves, tides 

and geothermal energy.  

It can also be produced from agricultural crops and trees that produce oil. The advantage of 

renewable energy is that it does not leave harmful gas residues such as carbon dioxide and 

other gases that exacerbate the phenomenon of increasing global warming, compared to 

what is produced by the means of depleted energy and the burning of fossil fuels (Kuik et 

al., 2019; Haghi et al., 2018; Iodice et al., 2016; Lian et al., 2019).  

Many countries have developed special plans and budgets to increase their production rate 

and dependence on renewable energy systems to cover at least 20% of all their energy 

needs until 2020. 

In general, it is intended to obtain energy from continuous natural resources that are 

inexhaustible, inexhaustible and do not require chemical or industrial treatments such as 

fossil fuels or nuclear energy. 
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1.3 Features and Characteristics of Renewable Energy 

The characteristics of renewable energy according to Misak and Prokop (2018) and 

Edenhofer et al., (2012) are 

 Perennial renewable energy has a number of advantages over combustion of fossil 

fuels. This energy is a local source and no country can move or acquire it 

elsewhere.  

 It is an economically viable and available means for both governments and people.  

 This energy is produced in a clean and environmentally friendly manner, which 

does not produce any pollutants that disturb the ecosystem. 

 This energy can be obtained at any time without fear of depletion after a specified 

period as in the consumption of fossil fuels.  

 Ease of access to energy technologies, even in developing and poor countries. 

1.4 Renewable Energy Sources 

There are many natural sources that produce renewable energy, the most prominent of 

which are the following (Michaelides, 2014; Craddock, 2008) 

Wind energy 

Wind energy: is the conversion of the kinetic energy generated by the rotation of wind fans 

by the impact of wind, which in turn move the turbines we get through the rotational 

movement of electric power as shown in Figures 1.1 and 1.2. 
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Figure 1.1: Horizontal axis wind turbine 
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Figure 1.2: Vertical axis wind turbine 

 

Geothermal energy 

Geothermal energy: is the exploitation of heat energy stored under the surface of the earth 

in the heating processes in the near-surface layers or the generation of electrical energy 

through the transfer of high heat to steam turbines in the deep layers (see Figure 1.3). 
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Figure 1.3: Geothermal energy 

 

Biogas 

Biogas: Methane is obtained from fermentation of animal or plant waste (biomass). Biogas 

is used as an alternative to natural gas in electricity generation, water heating or even in 

domestic uses (Figure 1.4). 

Solar energy 

Solar energy: The conversion of sunlight (light + heat) to the earth to heat or electric 

energy (Figure 1.5). 
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Figure 1.4: Biogas procedure 



8 
 

 

Figure 1.5: Solar energy 

 

1.5 Aim of the Study 

This study aims to propose a 1kW PV system that helps to reduce the electricity 

consumption which generated by diesel fuel and reduce green gas emissions. Actually, the 

objectives of this work is divided into three parts 

1. Analyzing the solar potential at Güzelyurt location in Northern Cyprus using 

RETScreen software. 

2. Evaluating the performance of 1kW PV system in terms of energy calculation and 

financial analysis. 

1.6 Research Outline 

This chapter is discussed the importance of renewable energy to the world. The importance 

of solar energy and the type of solar panels are presented in Chapter 2. Moreover, the 

methodology that used to evaluate the solar potential and design a 1kW PV system for 

generating electricity in the selected region is explained in Chapter 3. In Chapter 4 all test 
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results are displayed for the proposed system. On the end of the dissertation, the 

conclusions are presented in Chapter 5. 
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CHAPTER 2 

RENEWABLE ENERGY AND SOLAR ENERGY POTENTIAL 

 

 

2.1 Types of Energy Sources 

2.1.1 Non-renewable energy  

Non-renewable energy sources have been formed over millions of years due to geological 

processes (Kang et al., 2019). It is noteworthy that their use is faster than the use of natural 

energy sources, which made it more reliable than renewable energy sources, such as fossil 

fuels, oil, and natural gas as shown in Figure 2.1. 

Natural gas 

Natural gas is often made up of methane, and is found near other fossil fuels, such as coal, 

produced by methane generation in landfills and marshlands. When it burns, it produces 

half of the greenhouse gas emissions. 

Petroleum 

Petroleum or crude oil is defined as a toxic flammable liquid that occurs in geological 

formations underground, used as fuel oil and gasoline, but is likely to be present in the 

components of medicines, plastics, and kerosene. 

Coal 

Coal is a sedimentary rock produced in marshes, where organic matter accumulates from 

plants, and the aggregation of these materials forms a substance known as peat, which 

releases volatile components, such as water and methane, resulting from the pressure from 

peat, and then coal is produced. Coal is also the most widely used fossil fuel in the world to 

produce electricity. In the United States, about 93% of coal consumed is used to generate 

electricity, and coal combustion produces almost three times the amount of CO2 emissions. 

Nuclear Energy 

Nuclear energy is emitted at nuclear fission, the split of the nucleus of an atom. Nuclear 

power is a common method of generating electricity worldwide. Although it is a common 

mineral found in rocks around the world, nuclear energy has many disadvantages, such as 

the production of radioactive materials. Radioactive waste can be highly toxic and they 

also increase the risk of blood disease, cancer and bone caries among people at risk. 
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Figure 2.1: Non-renewable sources 

 

2.1.2 Renewable energy  

Renewable energy sources are clean sources and are not depleted due to human 

consumption. Renewable resources include wind, solar, thermal, hydroelectric, and others, 

with lower greenhouse emissions and other emissions.  

Renewable Energy (Figure 2.2), a type of energy that is inexhaustible and depleted and the 

name indicate that whenever it is nearing completion exists again and comes from one of 

the natural resources, such as wind, water, sun. The most important characteristics of 

renewable energy (Toklu, 2013) are  

1. A clean and environmentally friendly energy,  

2. Does not leave Harmful gases, such as carbon dioxide,  

3. Does not adversely affect the surrounding environment and  

4. Does not play a significant role in temperature levels.  
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Renewable energy sources are in stark contrast to their non-renewable sources, such as 

natural gas and nuclear fuel, which lead to global warming and the release of carbon 

dioxide when used. 

 

 

Figure 2.2: Renewable energy sources 

 

1. Advantage of renewable energy  

There are a number of advantages that renewable energy has, and makes it a distinct source 

of energy.  

1. Renewable energy is environmentally friendly and clean.  

2. They exist permanently and are renewable again.  

3. Easy to use using simple techniques and mechanisms. 

4. It is very economical.  

5. It is an important factor in environmental, social and all fields’ development.  

6. Helps mitigate the effects of gaseous and thermal emissions.  

7. Prevents harmful acid precipitation. Limit waste collection in all its forms.  

8. Cultivation is free of chemical contaminants, thus increasing agricultural 

productivity. 
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9. It uses uncomplicated technologies and can be manufactured locally in developing 

countries. 

 

2. Renewable energy sources 

Renewable energy has different types, and can be divided into several categories:  

Solar energy 

The sun's rays and the heat and light they carry with them are a source of solar energy. The 

sun can be used to generate thermal and electrical energy, whereas electric energy can be 

generated by solar energy using thermal motors, photovoltaic panels and photovoltaic 

converters. Solar energy was used in prehistoric times, when monks used gilt surfaces to 

ignite the altar balance. Archimedes burned the Roman fleet by shining sunlight from a 

distance, using reflective mirrors in 212 BC. In addition, Weston (1888) came up with a 

method to convert solar energy into mechanical energy, using the so-called duplex process, 

generating a voltage between hot and cold contact points between two different metals, 

such as nickel and iron. 

Bioenergy 

Bioenergy is derived from the so-called biomass, which is an organic substance that stores 

solar radiation and then converts it into chemical energy. These sources may be wood, 

fertilizer, or sugar cane, and the sources of bioenergy are similar to fossil fuels. 

Wind Energy 

Humans rely on wind turbines to extract energy from wind and generate electricity from it. 

Wind energy is also used to produce mechanical energy in so-called windmills. 

Approximately 2% of the sunlight falling on the Earth's surface is converted into wind 

energy. This is an enormous amount of energy, which overflows the world's need for 

consumption in any given year. 

Hydropower 

Hydroelectric is a comprehensive term for both electricity and water. This type of energy is 

used to exploit hydropower to generate electricity. In the process of exploiting this energy, 

the energy in the water, or the energy of the situation, is completely relied upon and 

converted into kinetic energy through the fall and flow of water from top to bottom. 
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2.2 Solar Energy 

The Sun, or the core of the solar system, is the closest star to Earth, estimated at 26,000 

light-years. The star is estimated to be 4.5 billion years old. The massive gravity in the Sun 

is responsible for the stability of the solar system so that all components of the solar system 

are fixed from large planets too small parts of each Orbit. 

Solar energy, the energy emitted by the sun's rays, is mainly in the form of heat and light, 

is the product of nuclear reactions within the star closest to us, the Sun. This energy is of 

great importance to the earth and the organisms on its surface. The amount of this energy 

produced far exceeds the current energy requirements in the world in general, and if 

properly harnessed and exploited may meet all future energy needs. 

The importance of solar energy lies in the fact that the sun’s rays have facilitated the 

evolution of organisms and is responsible for photosynthesis in plants to produce food and 

biomass, in addition to the role of these rays in hydropower and wind power.  In addition, 

solar energy is responsible for the so-called renewable energy group, the most important of 

which is the increasing importance of solar energy as a source of energy.  

Scientific researcher's studies are increasingly interested in renewable energy sources 

because of the growing concerns around the world due to climate change. Renewable 

energy is characterized by its ability to replenish and not deplete resources. There are a 

number of disadvantages to renewable energy, as they are limited inflow. This means that 

energy is not accessible at any time. 

In general, this energy is the production of heat by converting the energy inherent in 

sunlight. This energy attracts the heat of the sun and its photovoltaic cells and transports it 

to a water cycle to provide homes with hot water or heating. There are several methods for 

the efficient use of solar energy, which can be classified into three main categories: 

thermal applications, electricity production and chemical processes, and the most widely 

used applications in the field of water heating. Electricity is currently being generated by 

photovoltaic systems and solar thermal technologies, based on the conversion of sunlight 

into electricity using solar panels (see Figure 2.3). The benefits of photovoltaic cells lie in 
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their ability to convert solar energy directly into electricity and in its ease of use, making it 

usable, especially in developing countries where there are no large generators. 

 

 

Figure 2.3: Grid-connected solar energy system 

 

2.2.1 Advantage of solar energy 

Solar energy is the most abundant and freest source of energy, and humans use it in many 

of their daily activities.  

1. Costs for homeowners and real estate can be reduced through the use of solar 

energy.  

2. Many jobs are available due to the increase in companies in the renewable energy 

sector.  
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3. Solar plants are environmentally friendly compared to nuclear power plants, by 

reducing emissions of harmful chemicals to the environment.  

4. Excess energy can be stored and distributed in months that do not receive much 

sunlight.  

5. It has the potential to innovate and develop compared to the methods of producing 

energy from other sources.  

6. Cars can use solar energy instead of fuel, eliminating the need for oil. 

2.2.2 Disadvantage of solar energy 

It is undeniable that solar energy is one of the most important sources of energy. However, 

it is not without its negatives. The following are the main downsides of solar energy 

1. The large cost of solar panels to produce large amounts of energy.  

2. Recycling solar panels is considered to be a cause of water pollution, as this 

negativity can be avoided if organic materials are used in the manufacture of solar 

panels.  

3. Relying on battery systems during the night and times when panels cannot absorb 

enough solar radiation.  

4. Solar energy systems take time to become mainstream and widely accepted as an 

alternative to energy production. 

2.2.3 Solar Energy uses 

Solar energy can be converted into electrical energy and thermal energy through 

photovoltaic conversion and thermal conversion of solar energy as follows (Greeley, 1979; 

Foster et al., 2010): 

Solar thermal uses 

 Solar water heating 

It is an integrated system consisting of several parts used to collect the solar radiation 

falling on them and converted into heat energy to be used to heat water during the hours of 

sunshine where hot water is stored in a heated tank for use during the day as shown in 

Figure 2.4.  
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Figure 2.4:  Solar water heating 

 

 Solar swimming pool heating 

Solar water heaters can also be used to heat the pool water (Figure 2.5). Solar collectors 

heat pool water to temperatures slightly above ambient temperature For this purpose, cheap 

unglazed solar collectors, which are usually made of plastic materials specifically designed 

for this purpose are used for the heating of pool water. 
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Figure 2.5: Solar swimming pool heating system 

 

 Sewage Treatment 

Solar energy is also used to remove toxins from contaminated water using photo 

degradation. 

 Solar cooking 

The solar cooker is a device that uses sunlight to cook, dry and pasteurize. For example, 

Figure 2.6 shows the parabolic solar cooker.  



19 
 

 

Figure 2.6: Parabolic solar cookers 

 

Use of solar energy to generate electricity 

Electricity is one of the energy carriers that can be used for many purposes. Solar energy 

can be converted into electrical energy through photovoltaic conversion. It is intended to 

convert solar or light radiation directly into electrical energy using photovoltaic solar cells 

as shown in Figure 2.7. 
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Figure 2.7: Use of solar energy to generate electricity 

 

2.2.4 Solar panels work (Photovoltaic) 

With the increasing interest in renewable energies in general and solar energy in particular, 

there have been attempts to provide solar energy technologies with an amount of energy 

equal to or close to the amount of energy spent (Chel and Kaushik, 2018). It has become 

popular, transforming buildings from energy-consuming plants into productive buildings 

that rely on the sun as an economical source of energy, and are commonly used even in 

areas with high levels of solar radiation or areas characterized by short hours of sunshine. 

The solar system for electric power generation consists of four basic elements as follows 

(see Figure 2.8): 

 PV photovoltaic 

 Charger controllers 

 Invertors 

 Batteries  
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Figure 2.8: Elements of PV system 

 

 PV photovoltaic 

It is the visible part of the solar system that is installed on the roof of the building and it is 

used to generate electric power. The components of solar panels are shown in Figure 2.9. 

The solar panel is solar cell grouped together produce DC electricity that can be used to 

operate some equipment or stored in batteries recharged, which can be used more than 

once. The unit of the measured power of the cells is Watt. 

To illustrate how solar panels work, the main component of the solar system which is the 

solar cell is explained. 



22 
 

 

Figure 2.9: Components of PV panel 

 

PV cell 

It is the main component of the solar system and is the smallest part of it. They respond to 

direct and indirect solar radiation by converting radiation energy into electrical energy. 

Solar panels take advantage of sunlight that activates electrons within a cell to produce 

current (Marsh, 2019). Photovoltaic cell consists of semiconductors; often elections that 

are compressed into a specially treated chip to form an electric field, positive on one end 

and negative on the other end (see Figure 2.10) (Marsh, 2019).. Electrons are stimulated to 

a higher state of energy to generate electricity, and electrons are collected as electric 

current if electrical conductors are connected to the negative and positive ends (Marsh, 

2019).. The resulting electrical energy is DC energy and that energy is stored in batteries of 

different capacity so that it can be used during the sun's demise (Marsh, 2019). 
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Figure 2.10: PV cell working principle 
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Initially, the solar cells, which are placed directly under the sun, absorb these rays and 

convert these rays to electrical energy for human use in many purposes and fields, and thus 

serve as sunlight alternative to what normal generators do, when the sun shines, which 

contains large energy Here, solar panels attract this energy, which contains many solar 

cells arrayed next to each other, and these solar cells are composed of semiconducting 

materials (often silicon), and these cells receive solar energy and start The electrons are 

released from the semiconductor material or silicon to accumulate in the form of electrical 

energy, resulting in DC electricity (such as electricity produced chemically in batteries), 

which is then converted from DC electricity to DC. AC electricity, the electricity in our 

lives today, through a transformer called "Inverter". 

Types of solar cells 

Although all solar panels work in the same way, there are several types of solar panels in 

the market, which differ among several variations to be identified to choose the right type 

of site (Green-Match, 2015), and the most common types of solar panels: 

 Mono-crystalline, known as monocrystalline panels (Figure 2.11), is characterized 

by the purity of the silicon crystals from which the cells are made. The panels need 

to provide the same amount of electricity as other types, and also have the ability to 

work efficiently in low light, in addition to a high lifetime. 

 Solar panel type (poly-crystalline): It is called polycrystalline solar panels (Figure 

2.12), and different from the monotype in the form, where the cells are squares 

compact, and their efficiency is medium, which leads to the need for more of them 

to get the same electricity, which is less expensive than the monotype with high 

lifetime. 

 The third type is called thin film solar panel (Figure 2.13). This type is flexible and 

easy to install. On the same amount of electrical energy that can be obtained from 

other species, as well as it has low lifetime. 
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Figure 2.11: Monocrystalline solar panels 

 

Figure 2.12: Polycrystalline solar panel 
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Figure 2.13: Thin film solar panel 

 

2.3 Factors Affect the Solar Radiation Values 

Solar radiation is the actual fuel for all solar energy systems, so the efficiency of solar 

panels producing electricity as well as thermal systems producing hot water depends on the 

availability and density of solar radiation. The radiation above the atmosphere is relatively 

constant, but the amount reaching the surface of the Earth varies very differently.  In fact, 

there are many factors; however, the most important factors affecting the quality of solar 

radiation falling and thus the efficiency of the productivity of solar panels are (Krzyścin 

and Jarosławski, 1997) 

Geographical presentation 

Because of the spherical Earth, the rays falling on the surface are more intense and stronger 

as we get closer to the equator and because it is the shortest way of radiation to reach the 
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surface perpendicular and thus the radiation lost due to collision with the atmosphere less. 

If we move away from the equator north or south, it will increase the period of fusion 

between radiation and the envelope, causing dispersion and thus weaken the intensity and 

strength of radiation. 

Cloud coverage 

Clouds are a significant factor relative to the amount of solar radiation falling on the 

surface because they reflect and absorb a large part of the sun's rays. Therefore, if there are 

two positions on one latitude, the difference in incident radiation may be significant 

depending on seasonal cloud coverage. In average, clouds absorb and reflect 20% of the 

total rays coming from the sun. 

The suspended particles 

Normally, the Earth's atmosphere has suspended particles of dust or products of human 

industrial activity and pollution, and the quantities and concentration of these bolds vary 

depending on the place and time of year. Its importance for solar radiation is that it filters 

and reduces radiation. While this affects the performance of solar panels, it is more 

detrimental to the performance of the radiation concentrates used in giant solar systems. 

Height 

The distance traveled by the radiation before reaching the surface of the Earth is less as the 

height of the Earth above sea level. Therefore, radiation loss rates are reduced and this 

results in better performance of all types of solar generators. 

Shadow and angle 

 The place of installation and installation of solar panels is one of the most important things 

to consider if we are to absorb the maximum amount of incident radiation, considering that 

any shadows on solar panels or concentrates should be avoided by neighboring buildings 

or others during the daytime. An angle should be set for panels that meet the sun as much 

as possible throughout the day and often the ideal angle depends on your location for 

longitude, latitude and annual seasons. 
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CHAPTER 3 

MATERIAL AND METHOD 

 

 

3.1 Solar Home System 

PV is direct way to convert the solar radiation into electricity, and the electricity amount 

available for daily use will be determined based on the array size and sunlight availability. 

The PV solar panels can be mounted on the rooftops to generate electrical power. Figure  

3.1 illustrate the configuration of solar home system, which utilized to electricity for 

domestic household in order to reduce the fuel consumptions and air pollution. A simple 

solar home system consists of the PV module, lead battery, and inverter, as well as the 

directly connected DC appliances. 
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Figure 3.1: Configuration of solar home system 

 

3.2 Selected Region and Electricity Feed-In Tariff in Northern Cyprus 

In this study, the data are collected from household in Güzelyurt, Northern Cyprus. 

Güzelyurt is located in the northwestern part of Cyprus. The location and area-specific 

information are shown in Figure 2 and Table 1, respectively.  This city has low populations 

compared to other cities in Northern Cyprus as shown in Figure 3.3. Recently, regarding 

the development technologies, related activities, and policy making have increased. For 

instance, the Feed-in tariffs for residential electricity have increased and the value of Feed-

in tariffs are summarized and listed in Table 3.2.  
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Figure 3.2: Map of Cyprus (             selected region) 

 

 

Table 3.1: Güzelyurt, Northern Cyprus information 

Region location 

Latitude (°N) 35° 12' 3.528'' 

Longitude (°E) 32° 59' 26.808'' 

Elevation (m) 49 
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Figure 3.3: Population density in major cities in Northern Cyprus 

 

Table 3.2: Electricity Feed-in tariff in Northern  

Residential 

Tariff 
Period 

Value 

[TL] 

Residential 

Tariff 
Period 

Value 

[TL] 

0-250kWh 
01/01/2015 

- 

1910/2015 

0.44 0-250kWh 
20/10/2015 

- 

31/03/2016 

0.44 

251-500 kWh 0.48 251-500 kWh 0.48 

501-750 kWh 0.52 501-750 kWh 0.52 

> 750 kWh 0.54 > 750 kWh 0.54 

0-250kWh 
01/04/2016 

- 

20/10/2016 

0.40 0-250kWh 
21/10/2016 

- 

20/12/2016 

0.44 

251-500 kWh 0.45 251-500 kWh 0.49 

501-750 kWh 0.49 501-750 kWh 0.53 

> 750 kWh 0.2 > 750 kWh 0.56 

0-250kWh 
21/12/2016 

- 

30/04/2018 

0.52    

251-500 kWh 0.60    

501-750 kWh 0.67    

> 750 kWh 0.75    

 

 

3.3. PV system for Residential Building 

Renewable energy systems can be improved energy efficiency and reduced energy demand 

to provide the dominant contribution to tackling global climate change. Increasing energy 

demand, environmental pollution, and global warming are the main factors that increase 

the tendency towards renewable and clean energy resources. 

18%

13%

8%
6%3%

2%

50%

Lefkoşa Gazimağusa Girne Gönyeli Güzelyurt Lapta other
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Table 3.3 lists the electrical equipment available in the studied residential home along with 

their average hours of use daily period of use in hours. The residential house is a typical 

two bedroom for small family.  

 

Table 3.3: Electrical load available in the residential houses 

Selected house Description Ratings Hours of use per day Energy 

House 1 

32’’ LED TV 80 12 660 

Washing Machine 480 1 480 

Satellite Receiver 12 12 144 

Refrigerator 300 24 7200 

Laptop 200 5 250 

Vacuum Cleaner 800 1 800 

LED lamps 63 7 1323 

Air-conditioner 750 5 3750 

Clothes iron 1000 1 1000 

Microwave oven 1200 1 1200 

Water pump 500 1 500 

Toaster 800 1 800 

House 2 

32’’ LED TV 55 10 550 

Washing Machine 480 1 480 

Satellite Receiver 12 10 120 

Refrigerator 750 24 18000 

Laptop 50 10 500 

Vacuum Cleaner 800 1 800 

LED lamps 63 7 1323 

Air-conditioner 750 12 9000 

Clothes iron 1000 1 1000 

Microwave oven 1200 2 2400 

Water pump 500 1 500 

Toaster 800 1 800 

Hair dryer 1000 1 1000 

 

 

 The selected location for this study is a residential Building with small space available on 

rooftop area (roughly 100 m2). Figures 3.4-3.6 show the mean monthly electricity 

consumptions for a period of January 2016- December 2017 for three chosen household 

with different capacity in selected regions. It is noticed that the highest amount of 

electricity are recorded in summer and winter seasons. In addition, the average electricity 

consumption for the selected house is about 512kWh/yr for house 1 and 473kWh/yr for 

house 2.  
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Figure 3.4: Mean monthly electricity consumption for house 1 

 

 

Figure 3.5: Mean monthly electricity consumption for house 2 
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3.4 Materials  

3.4.1 Photovoltaic solar panels 

The solar panels, composed of a number of solar cells, are used to change the sun light into 

direct current using semi conducting materials. In general, when the solar radiation falls on 

the solar cell, the anti-reflective layer effectively traps the incident light by enhancing its 

transition to the next layers. On the other hand, the positive gaps move to the conduction 

area of the positive strip, resulting in a potential difference between the surfaces of the 

two-link. The two surfaces can be connected by an electrical conductor to obtain an 

electric current in an electrical circuit, where electrons pass through the negative to the 

positive link in the electrical circuit, thus, light energy has been converted into electrical 

energy. In this study, mono crystalline PV panels are used. Table 3.4 tabulates the 

characteristics of used PV panels.  

 

Table 3.4: Characteristics of used PV panels 

Electrical characteristics at (STC) Value 

Nominal power  250W 

Open circuit voltage 29.2V 

Short circuit current 9.67A 

Voltage at nominal power 31.2V 

Current at nominal power 8.97A 

Module Efficiency 17.2% 

Operating temperature -40℃ to 85℃ 

Maximum system voltage 1000V DC 

Maximum Series Fuse Rating 15A 

 

3.4.2 Battery 

Solar batteries are utilized to store the electrical energy generated by panels during the 

daylight. Batteries play an important role in load supply during the night or any time that 

solar irradiation is not sufficient. Table 3.5 lists the characteristics of the batteries used in 

this study.  

Table 3.5: Characteristics of used batteries 

Battery company name Voltage Capacity 

Varta 12 50Ah 
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3.4.3 Charge controller and inverter 

The charge controller is used to control the current from PV panels to the battery.  The 

charging controller can be used as a protection against overcharging or deep charging in 

PV systems. Specifications of the applied inverter used in this study are presented in Table 

3.6. 

 

Table 3.6:  Charge controller characteristics 

Type Modular power switch 

Nominal charging current 45 A 

Nominal voltage  12 V/24 V/48 V 

Max panel voltage 30 V in 12 V system 

50 V in 24 V system 

95 V in 48 V system 

Self-power consumption < 6 mA 

Ambient temperature range 25℃ to 50℃ 

Case protection IP22 

Normal charge temperature < 80℃ 

 

3.5 Energy and Economic Assessment of PV System 

RETScreen software is used to assess the economic and energy of PV solar system for 

single house family. In this study, Güzelyurt region in Northern Cyprus was selected for 

the installation of the system. After selecting the location area the complete RETScreen 

analysis has been conducted. This analysis consist four main steps:  

I. Selection of facility type (i.e. single family house as shown in Figure 3.6),  

II. Energy analysis (see Figure 3.7)  

III. Emissions analysis (see Figures 3.8),  

IV. Financial analysis (see Figures 3.9).  
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Figure 3.6: Selection of facility type 

 

 

Figure 3.7: Energy analysis 
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Figure 3.8: Emissions analysis 

 

 

Figure 3.9: Financial analysis 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

 

4.1 Description of Weather Data 

In fact, the air temperature and relative humidity are important factors that affect the power 

generation of the solar panels. Therefore, the descriptive statistics of the selected location 

including maximum, minimum, mean, standard deviation (SD) and coefficient of variation 

(CV) is presented in Table 4.1. It is found that the mean air temperature, relative humidity 

and global solar radiation are 20.416℃, 68.148% and 226.06 W/m2, respectively. 

Furthermore, the annual mean GHI is found to be 226.06W/m2, indicating that the selected 

location has high solar radiation. Moreover, Figures 4.1 and 4.2 illustrate the monthly 

variation for climate data including air temperature, relative humidity and daily global 

horizontal irradiance. It is noticed that the highest daily global horizontal irradiance of 8.41 

kWh/m2/d and lowest relative humidity of 52.9% are recorded in August and July, 

respectively.   

 

Table 4.1: Descriptive statistics of weather parameters 

Variable Mean SD Variance CV Minimum Maximum 

T 20.416 3.86 14.9 18.91 11.4 29.93 

RH 68.148 13.343 178.031 19.58 0.5 99 

GHI 226.06 311.58 97082.81 137.83 0 1059 

DNI 254.04 332.23 110373.5 130.78 0 1010.06 

DHI 68.44 87.6 7673.797 128 0 475 

IRD 338.89 36.3 1317.84 10.71 250.59 431.6 

WS 2.511 1.4053 1.9749 55.96 0.59 10.71 

AP 100633 557 310287 0.55 99315 102348 

T Air temperature [℃] 

RH Relative Humidity [%] 

GHI Global horizontal irradiance [W/m2] 

DNI Direct  normal Irradiance [W/m2] 

DHI Diffuse horizontal irradiance [W/m2] 

IRD Infrared radiation downwards[W/m2] 

WS Wind speed [m/s] 

AP Air pressure [Pa] 
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Figure 4.1: Monthly variation of relative humidity and air temperature 

 

 

Figure 4.2: Monthly variation of daily global horizontal irradiance and air temperature 
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4.2 Effect of Slop Angle on Solar Radiation 

Figure 4.3 shows the monthly global solar radiation for different slope angles based on 

simulation and experimental results. In addition, the annual global solar radiation for five 

selected slope angles is shown in Figure 4.4. In fact, the chosen angle was selected based 

on the angles of water solar system and PV plant in Northern Cyprus. Moreover, the 

optimum angle for free standing system was chosen based on PVGIS (Photovoltaic 

Geographical Information System) simulation tool. The maximum solar irradiation is 

recorded for slope angles 32° with a value of 2351kWh/m2. Additionally, the highest and 

lowest solar irradiation values are obtained in August and January, respectively. 

 

 

Figure 4.3: Solar radiation vs month for different slope angles 

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10 11 12

G
lo

b
al

 s
o

la
r 

ir
ra

d
ia

ti
o

n
 [

kW
h

/m
2

] 

Month [-]

25 [°] 32 [°] 41 [°] 43 [°] 45 [°]



41 
 

 

Figure 4.4: Annual solar radiation vs slope angles 

 

4.3 Effect of Slop Angle on Energy Production 

Figure 4.5 shows the monthly energy production for different slope angles based on 

simulation results. In addition, the annual energy production for five selected slope angles 

is shown in Figure 4.6. The maximum solar irradiation is recorded for slope angles 32° 

with a value of 914kWh. Additionally, the highest and lowest solar irradiation values are 

obtained in August and January with a value of 90kWh and 55.1kWh, respectively for 

optimum angle (32°). 
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Figure 4.5: Energy production vs month for different slope angles 

 

 

Figure 4.6: Energy production vs slope angles 
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4.4 AC and DC Output of 1kW System 

As mentioned previously, the best angle for the proposed 1kW free-standing system is 32° 

and the maximum and minimum energy production are achieved in August and January, 

respectively. In this study, the AC and DC outputs of the proposed system are measured 

experimentally (see Appendix 1). Therefore, Figures 4.7-4.10 illustrate the AC and DC 

output for the proposed system for August and January.  Moreover, it is noticed that the 

maximum energy output in terms of AC and DC output is recorded for the first day and 

last day in August and January, respectively. The AC and DC output for these days are 

shown in Figures 4.11 and 4.12.  It is observed that the system starts storage electricity or 

generate electricity during the period of 06:00 am-19:00 pm for August and 06:00 am-

17:00 pm for January. In addition, it is found that the maximum AC and DC output is 

recorded at 12:00 pm for both months (i.e. AC = 142W and DC = 150W for January, AC = 

506W and DC = 526W for August) as shown in Figures 4.11 and 4.12. 

 

 

Figure 4.7: AC output for August 
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Figure 4.8: DC array output for August 

 

 

Figure 4.9: AC output for January 
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Figure 4.10: DC array output for January 

 

 

Figure 4.11: AC and DC output for first day in August 
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Figure 4.12: AC and DC output for the last day in January 

 

4.5 Economic Analysis 

In order the estimate the solar potential in the selected region, the geographical location of 

the selected study is entered. Figure 4.13 shows the coordinate and weather parameters of 

the selected study. The results indicate the selected region has hug solar potential (i.e. 

selected region has a daily solar radiation of 5.46 kWh/m2/d, air temperature of 19.5℃ and 

relative humidity of 58.9%. 

 

 

Figure 4.13:  Weather data of selected region 
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In this study, 20 solar panels of 250Wp are used for a total power generation capacity of 

1kW with an efficiency of 11.4% (see Figure 4.14). Two inverters with a capacity of 500W 

are used. The simulation results indicate that the capacity factor of the proposed PV plant 

is 18.4%. In addition, the initial cost of the proposed system is about 1000$ as shown in 

Figure 4.14. 

 

 

Figure 4.14: Technical data of solar panels and selected inverters 

 

This work describes the free-standing PV system for a single-family house in Northern 

Cyprus. The electrical equipment along with the load and number of hours used during a 

day in the selected house is shown in Figures 4.15 and 4.16. 
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Figure 4.15: Electrical equipment’s in the selected house 

 

 

Figure 4.16: Lamp characteristics used in this study 

 

The analysis of emissions of greenhouse gases, a proposed case is determined by using 

1kW PV system. Figure 4.17 shows the analysis of CO2 emissions avoided by using 

photovoltaic solar energy. It is found that CO2 emission is reduced by 13%. And the 

reduction of total annual emissions of greenhouse is 143$/tCO2 as shown in Figure 4.18. 

Moreover, the cumulative cash flows and Pre-tax are shown in Figure 4.19. This reflects 

that investment in proposed system based in PV, is profitable with positive profit margins 

after 4.1 years of operation. 
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Figure 4.17: Analysis of CO2 emissions avoided by the use of solar energy 

 

 

Figure 4.18: Analysis of financial for proposed system 
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Figure 4.19: Cumulative cash flows and Pre-tax 
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4.6 Diesel Fuel vs PV system 

Figures 4.20 and 4.21 illustrate the monthly electricity consumption using diesel fuel and 

electricity production using PV system for the selected houses. It is found that the annual 

PV electricity production is 1617kWh. In addition, it is observed that the maximum 

electricity production for the proposed system is recorded in summer season (June, July 

and August).  

Moreover, the percentage of reduction is shown in Figures 4.18 and 4.19 for both houses. 

It is found that the average percentage of reduction is about 30% per year. It is concluded 

that Due to the high energy demand of the house, the use of solar energy can be helped to 

reduce the demand into 100% of clean energy. 

 

 

Figure 4.20: Percentage of electric reduction for house 1 
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Figure 4.21: Percentage of electric reduction for house 2 
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CHAPTER 5 

CONCLUSIONS  

 

5.1 Conclusions 

The manifestations of technology have influenced contemporary architecture, especially 

those related to the environmental control organization. Solar systems are one of the 

environmental control systems. They fall within the conceptual set of integrating the 

building with the environment due to its use of environmentally friendly renewable energy 

sources. 

Therefore, the evaluation of the techno-economic of 1kW gird/grid-off connected PV 

system for a small household was made in this study.  The AC and DC output of the 

proposed system were measured experimentally and the RETSCreen simulation tool was 

used to estimate the reduction of CO2 emissions.  In order to investigate the performance 

of the proposed system, the generated electricity is compared with the electrical 

consumption of two selected houses in the chosen region. The significant findings are 

summarized below. 

 It is found that the mean air temperature, relative humidity and global solar 

radiation are 20.416℃, 68.148% and 226.06 W/m2, respectively. Furthermore, the 

annual mean GHI is found to be 226.06W/m2, indicating that the selected location 

has high solar radiation. 

 The maximum solar irradiation is recorded for slope angles 32° with a value of 

2351kWh/m2. Additionally, the highest and lowest solar irradiation values are 

obtained in August and January, respectively. 

 the highest and lowest energy production from the proposed system is obtained in 

August and January with a value of 90kWh and 55.1kWh, respectively for optimum 

angle (32°). 

 It is observed that the system starts storage electricity or generate electricity during 

the period of 06:00 am-19:00 pm for August and 06:00 am-17:00 pm for January. 

In addition, it is found that the maximum AC and DC output is recorded at 12:00 

pm for both months (i.e. AC = 142W and DC = 150W for January, AC = 506W and 

DC = 526W for August)  
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 The simulation results indicate that the capacity factor of the proposed PV plant is 

18.4%.  

 It is found that CO2 emission is reduced by 13%. And the reduction of total annual 

emissions of greenhouse is 143$/tCO2. This reflects that investment in proposed 

system based in PV, is profitable with positive profit margins after 4.1 years of 

operation. 

 It is found that the average percentage of reduction for electricity consumption 

produced by diesel generators is about 30% per year. 
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