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Abstract

Solar energy is the most popular alternative energy resource application. Humanity has continued to search for different energy
sources since its existence. While energy resources have been found to meet energy needs, they have also brought about
environmental pollution. Solar energy is a solution to energy needs and does not cause environmental pollution. Solar collectors are
needed to use solar energy. In this study, the design to meet the electricity needs of a house with solar energy has been made. In this
study, a system that meets the electrical energy requirement of a house in Izmir, Turkey, with photovoltaic panels has been designed
and examined. According to the results, panel prices are very high, and the manufacturers should reduce the initial installation cost.
In this project, the heat requirement of a duplex house of 175 m? is calculated. It is decided to use a heat pump to meet this thermal
need. The electrical energy consumed by the duplex house's heat pump and other electronic appliances is calculated, and a system
that generates electricity from solar energy is designed to meet this energy demand. The system payback period is 10-11 years,
excluding the heat pump, and 14-15 years, including the heat pump.
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1. Introduction

It is seen that the days when the natural resources of the world will be exhausted are not far away. Energy consumption is very high in
homes, schools, hospitals, and factories. Until recent years, energy needs were met from fossil sources. Recently, the importance of
using renewable energy sources has increased. Renewable energy sources reduce the external dependency of countries, do not have
fuel costs, do not pollute the environment, and have advantages such as providing very cheap energy. Due to all these advantages, the
interest in renewable energy sources is increasing day by day (Basaran, 2013).

The new investments in the renewable energy field are examined, and it is seen that the investments made in the wind and solar fields
are at the forefront (Basaran &Borekei, 2013). Considering that %35-40 of the fossil fuels consumed in the world are used in buildings,
reducing the energy used in buildings is very important in terms of energy saving and energy efficiency. In this direction, it is necessary
to work on increasing the use of renewable energy in buildings and tending to these sources as much as possible (Yildirim & Giingor,
2011). In order to respond to the increasing energy need, human beings have started to turn towards alternative energy sources by taking
into account the environmental factor by aiming to use all resources. Turkey has large reserves in terms of renewable energy resources.
Considering the growth rates of Turkey, it is predicted that Turkey's energy needs will increase rapidly. Turkey is approximately 74%
dependent on foreign sources to meet its energy demand. To meet this energy need, regionally renewable and non-renewable energy
sources should be utilized (MFRTEHFP, 2022). The literature is reviewed, and many articles deal with the self-consumption of solar
PV energy (Stauffer et. al., 2018). Considering the electricity bills paid for a 120m? house in Bursa, the amortization period has been
determined for the solar panel system that can only pay for itself in the long term, such as 8-10 years (Glines&Karagdz, 2017). Using
heat pumps in the residential sectors will decarbonize the energy. The use of solar-assisted heat pump systems will also support global
emission reduction (Vaishak and Bhale, 2019).

In this project, the heat requirement of a duplex house of 175 m? is calculated. It is decided to use a heat pump to meet the thermal
needs. The electrical energy consumed by the heat pump and other electronic appliances of the duplex house is calculated, and a system
that generates electricity from solar energy is designed to meet this energy.

2. Solar Energy

2.1. Turkey's solar energy potential

The Ministry of Energy and Natural Resources and the General Directorate of Meteorology continues the potential determination
studies initiated to determine the places where the systems developed on solar energy can be applied throughout our country and the
energy that can be obtained.
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Figure 2. Average annual sunshine duration in Turkey (TR-
MEUCCGDM, 2022)

According to the Renewable Energy Resources Institution Turkey's average annual sunshine duration is 2640 hours (7.2 hours per day),
annual radiation intensity value is 1.311 kWh/m? -year (3.6 kWh/m? per day).(Figure 1) Average annual sunshine duration in Turkey
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is shown in Figure 2. Data on solar energy parameters of Turkey in general and regionally are analyzed statistically on a monthly,
seasonal and annual basis (Tasova,2018).

Photovoltaic systems (PV) are less preferred in Turkey.The PV power used in Turkey is about 40 MW (CEET, 2022). These PV systems
are generally preferred in hard-to-reach districts, places far from cities, forest watchtowers, lighting of highways, and chalets
(Oztiirk&Yiksel, 2016). Seasonal normals for Provinces in Izmir shown in Table 1.

Table 1. Seasonal Normals for Provinces in Izmir (TRMEUCCGDM, 2022)

IZMIR Jan. Feb. Marc. Apr. May Jun. July Aug. Sept. Oct.  Nov. Dec. Yearly
Measurement Period (1938-2021)

Average 8.8 9.6 117 158 208 254 279 277 237 189 143 10.5 17.9

Temperature (°C)

Average 12.4 136 163 209 261 30.7 332 330 292 240 186 14.1 22.7

Max.Temperature

(°C)

Average Lowest 5.8 6.2 7.7 111 155 198 225 224 187 146 108 7.6 13.6

Temperature (°C)

Average 4.3 5.2 6.4 79 98 116 123 119 101 7.6 5.6 4.2 8.1

Sunbathing Time

(hours)

Average Number 12.82 11.47 1047 7.47 6.82 4.06 029 071 276 5.59 8.82 12.88 84.2
of Rainy Days

Average Monthly 136.9 1029 758 460 315 123 41 56 15.3 446 920 146.8 713.8
Total Rainfall

(mm)
Measurement Period (1938-2021)
Highest 225 270 305 325 376 413 426 43.0 401 36.0 303 25.2 43.0
Temperature (°C)
Lowest -8.2 -52  -3.8 06 43 95 154 115 100 3.6 -2.9 -4.7 -8.2

Temperature (°C)

2.2 Solar photovoltaic batteries
Solar cells can be used in applications where electrical energy is available. Solar cell batteries are used together with battery charge
control devices to form a solar cell system (photovoltaic system).

There is usually a battery in the system to be used, especially during the night when the sun is insufficient. Solar cell modules produce
electrical energy throughout the day and store it in the battery. Solar panels by combining multiple solar cells to obtain more energy,
solar panel systems or solar farms by using the panels together and adding other components created (Colak, 2010). Energy flows in
the electrical, heating and cooling systems system is shown in Figure 3.
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Figure 3. Energy flows in the electrical, heating and cooling systems (Simko, 2021).
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3. Materials and Methods
3.1 Calculating the heating energy need of the building

The total amount of heating energy of the building for each assumed case in the study is calculated according to the calculation method
in the TS 825 “Thermal Insulation Rules in Buildings” standard (TS 825, 2022)

Heat loss in the window is calculated as below:
Hwindow = ZAU + Hh (1)

In this equation (1), 2AU is the amount of heat lost from windows by conduction and is the product of the heat conduction value
accepted for windows and the total window area. H_h is the heat loss through ventilation and is calculated according to the following
equation.

Hy = pcV" =n, V', )

where n, number of air changes and Vi, volume (m?) is. According to the standard, the product of pc is considered constant and is
0.33.is taken. nyvalue is taken as 1.

The monthly total heating energy requirement of the building is calculated as below;

Qmonth = [H(Ti - To) - IQl.’rrlonth(gi + gs)]t (3)

Monthly heating energy needs from windows are as follows;

Qmonth,windaw = [Hwindow (Ti - To) — Mmonth (Ql + Qs)]t (4)

H and H_window are the specific heat loss of the building and the conductive heat loss from the windows, T, respectively, and T, (°C)
are the indoor and outdoor temperatures, respectively, the indoor temperature is 19°C and the monthly average values given in TS 825
are taken as the outdoor temperature. ) is the heating utilization factor. @; and @s (W) values are the internal and solar radiation gain
of the building, respectively. The internal heat gain (&;) for the residence is calculated using the following equation using the building's
usage area and the building's gross volume.

DOmontn <54y 5 Ay = 0-32Vgross %)

The radiative heat gains @s obtained from the windows throughout the year is the sum of the monthly radiative heat gain @s values
obtained from the windows. The heat gain by the radiation obtained from the windows varies according to the direction and the number
of layers.

A duplex house with an area of 175 m?, located in western Turkey, Izmir, with a latitude of 37°, is required to meet the thermal need
with a heat pump. The electrical energy consumed by the heat pump and other appliances in the house was calculated and a system
that generates electricity from solar energy was designed to meet this energy.

The roof area of the house where the solar panel is planned to be placed is 48 m2. While installing the solar panel, step gaps should be
left between them, 16 m? of the roof area will be left empty and 32 m? will be reserved for solar panels. 400 Watt 72PM X brand
Monocrystalline Solar panel has 2m? area and 16 pieces can be placed on the roof. The Monocrystalline Solar panel is shown in Figure
4,

Figure 4. Monocrystalline Solar panel
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4, Results

4.1 Heat pump selection and electricity consumption

The heat loss of the house is calculated as 13695 kCal/h (=16kW). 16 kW and X brand Heat Pump has been selected. The COP of the
heat pump is taken as 4. The energy saving provided by the room thermostat is 25%. Electricity consumption is 4 kWh, when a
thermostat is used the value of electricity consumption is 3 kWh.

Daily electricity consumption after 9 hours of average daily use is 36.7 kW. The maximum daily electricity consumption was found
by summing the electricity consumption excluding heating and the required electricity consumption for heating.

4.2 Solar panel selection

For the province of Izmir, 400W electricity can be produced for 7 hours per panel on average. The sunbathing times in Izmir are 7
hours. The electrical energy produced daily from a panel is 2800 W, for 16 panels it is 44800 W. This annual amount has been calculated
as 16352 kwh.

4.3 Battery selection

Batteries are needed to continue using the electricity produced during the day at night. In this project, gel batteries are preferred due to
their high efficiency and cycle life. 200Ah Ultra Power Gel Battery 12V 200Ah is used. Electricity Storage Amount is 2400 W. (the
amount of electricity storage of a single battery) 18 kW of storage will be sufficient since electricity will be taken from the panels, not
from the battery, during the daytime. 9 batteries are needed and it stores 21.6 kW.

Daily energy need x battery losses
Numb. of Battery = y enerey Y o8 (6)
battery voltage (V) x battery capacity(Ah)

Numb. of Battery = %: 25

Charge controller and inverter are also included in the system, and then depreciation of the system has been calculated.

4.4 Depreciation of the system
The cost table of the system is shown in Table 2. The first thing that draws attention in the table is the number of photovoltaic panels.
If the efficiency of the panels used is increased and therefore the amount of energy to be obtained is increased, the number of panels to
be used will decrease proportionally.

Table 2. The cost analysis of the system

System elements Amount (3$)
Heat Pump $ 4500

16 x Solar Panel $ 4550

9 x Battery $ 3600

2 x Charge Controller(not required) ~ $ 500
Inverter $ 830
TOTAL $ 13980

In addition, this system can only pay for itself in the long run, considering the annual electricity bills paid for a 175 m? house.

10-11 years (the system payback period excluding the heat pump)
14-15 years (the system payback period including the heat pump)

The costs of the PV elements used in the system should be tried to be reduced. The use of this solar energy potential in Turkey, which
is so valuable and unlimited, should be encouraged. The fact that the features of the system to be used for electricity generation with
solar panels are based on technical calculations creates an obstacle for users who want to benefit from this system.

5. Discussion and Conclusion

This study is aimed to increase the efforts to reach more people in the use of solar energy in our country. In this age where environmental
pollution and global warming are a big problem, Solar Energy systems represent a considerable opportunity to reduce carbon footprint
and contribute to a sustainable environment, which the world longs for, in order to help keep a sustainable world.

The low number of companies producing panels is one of the reasons for the increase in costs. Studies should be supported to reduce
the costs of solar panels. Research and development studies should be carried out in every region of Turkey in order to benefit from
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the potential of solar energy. The behavior of the system in different regions of Turkey can be investigated in the other studies. It is
necessary to encourage and support users in all regions in terms of electricity generation with solar panels.
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