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Due to their pollution of the environment and the damage they cause to human 

health, renewable energy sources have emerged as a promising solution amid 

ongoing efforts to find alternatives to fossil fuels and nuclear energy. There are 

hybrid energy system applications consisting of two or more renewable energy 

sources. In this study, a hybrid power plant design utilizing solar and diesel energy 

was developed for Aksu Village, consisting of 36 households in the Hasankeyf 

district of Batman province, with the help of the HOMER Pro Program. A hybrid 

system connected to the electricity grid was considered, with solar energy panels 

to be used when needed. It was determined that the settlement would consume 

450,000 kWh of electricity per year in 2023, which is an average of 37,500 kWh 

per month and 1,250 kWh per day. When the cost analysis of the hybrid system 

was performed, the lowest-cost system required an initial capital of 8,378,332 TL 

($288,908) and an annual operating and maintenance cost of 1,724,949 TL 

($59,481). Based on the electricity data used for the system, the cost per kW was 

found to be 5,104 TL ($0.176). 
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1. INTRODUCTION 

The growing energy needs of people have increased the demand for fossil fuels. Although nuclear power 

plants have begun to be used to generate energy as an alternative to fossil fuels, both fossil fuels and 

nuclear waste are harmful to our world and to humans. Carbon dioxide, one of the elements that causes 

environmental pollution, is released most during production in large facilities such as factories. The 

carbon dioxide released here has negative effects not only on environmental pollution but also on the 

world's ecosystem. 

Societies require energy not only for production but also for basic needs such as shelter, heating, and 

cooking. While fossil fuels are used more in large facilities such as vehicles and factories, electrical 

energy is used for other needs. For example, in our country in 2023, electrical energy consumption was 

335.2 terawatt-hours (TWh), while electrical production was 331.1 TWh [1]. In 2023, 36.2% of 

electricity production came from coal, 21% from natural gas, 19.3% from hydroelectric power, 10.3% 

from wind, 6.7% from solar, 3.4% from geothermal energy, and 3.2% from other sources. What is 

noteworthy here is the rapid upward trend in energy production from renewable energy sources [1]. The 

idea of renewable energy sources, which are energy sources that do not harm nature and living things, 

emerged both to meet energy needs and to prevent environmental pollution. Examples of renewable 

energy sources include wind, solar, hydro, geothermal, biomass, and wave energy. Our country is rich 

in renewable energy resources, and as a result, investments have begun to be made, albeit on a small 

scale, thanks to recent incentives. Among these investments, efforts to install solar panels for the purpose 

of generating electricity from solar energy have gained momentum in recent years. The total installed 

renewable energy capacity has reached 58,909 MW, with unlicensed solar installed capacity at 9,628 

megawatts (MW), licensed solar installed capacity at 1,665 MW, and wind energy installed capacity at 

11,697 MW [1]. 
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Baghel and other academics studied an academic building using solar-biomass hybrid system providing 

sustainable energy transition. They used HOMER Pro for simulation, and the techno-environomic 

evaluation of the system is the main subject of analysis. At a peak load of 65 kW, HRES is intended to 

meet a daily energy consumption of 588 kWh. The system produces 3,76,780 kWh of electricity 

annually [2].  Hüner analyzed feasibility and environmental analysis of Hatay region in Türkiye biogas 

based HRES system. His study revealed that optimum HRES configuration was 200 kW PV, 100 kW 

biogas generator, 72 kW converter and 120 kW electrolyser, respectively. NPC and LCOE values for 

this study was found as $1.92 M and $0.2094 per kW, respectively [3]. Kaur and co-workers studied 

PV-biomass hybrid system using anaerobically treated crop residue in order to mitigate farmer’s crop 

burns. They incorporated experimental data to HOMER Pro simulation environment to analyse HRES 

performance. Their results showed that bagasse-based biogas and PV system provide most optimum 

NPC and COE value which is $394431 and 0.131$/kW, respectively [4]. Modu et al. investigated HRES 

system using Levy flight-slap swarm algorithm (LF-SSA) to minimize annual system cost. LF-SSA 

offers the lowest LCOE $0.933/kWh compared to SSA with $0.947/kWh [5]. Winsly and other 

academics studied biomass solar wind and grid configuration considering South India region. They used 

eight different configuration and among these configurations, the optimum one was found 387 kW PV, 

20 kW wind turbine, and 4 kW biomass gasifier generator. Cost of electricity of this system was 

calculated as $0.096/kW [6]. El Maaroufi and co-workers analyzed the techno-economic and 

environmental viability of an integrated renewable energy system designed for northern Morocco Their 

work's primary innovation is the combination of photovoltaics (PV), batteries, a biomass generator 

(BMG), a thermal load controller (TLC), and a boiler that runs on biodiesel ideal for applications 

requiring sustainable heating in remote highland areas. In comparison to diesel systems, they have a 

NPC of 16.476 billion dollars and have the potential to cut CO2 emissions by 4,989,457 tons annually 

[7]. Makhough et. al. investigated the research gap on sustainable electricity in isolated mountainous 

regions of eastern Morocco by analyzing their unrealized energy potential.  In order to accommodate 

local conditions, they suggested a hybrid energy system that combined solar, wind, and biomass energy 

with green hydrogen and batteries for storage, with the grid serving as a backup. The technology 

drastically lowers greenhouse gas emissions by more than 99% for CO2 and 100% for SO2, while 

achieving a levelized cost of energy of 0.024 $/kWh [8]. A freestanding hybrid PV (photovoltaic)-WT 

(wind turbine)-BG (biogas generator) was presented by Jahangir and other academics in order to suggest 

an economically ideal plan for a rural area in Iran's southern region to be electrified. This study covered 

a wide range of topics, such as national regulations, agricultural waste, regional resources, modeling of 

every component, and system sensitivity to changes in biomass input, biofuel prices, and inflation rates. 

A 15% inflation rate was used for the first sensitivity model, while a 10% inflation rate was used for the 

second. The results showed that a 150 kW BG, an 80.7 kW PV, 27 batteries, and an inverter made up 

the ideal solution [9]. Aykut and co-workers looked into the viability of electrifying a 50,000-student 

university campus in Istanbul, Turkey, using a WT-PV-BG energy system. Introducing an economical 

and ecologically sustainable energy generation plan for the campus was the aim of this study. Using 

HOMER software, four distinct situations were examined in order to determine the system with the 

lowest COE and NPC. With an NPC and COE of 5621502$ and 0.067 $/kWh, respectively, the system 

with 1500 kW WT and 1000 kW BG was ultimately determined to be the best plan [10]. The goal of Li 

et al. [11] was to design the best stand-alone renewable energy plan for a remote Western Chinese town.  

Their study took biomass-related measures into consideration because of the region's abundance of 

agricultural waste.  WT and PV were also taken into account because of the region's strong potential for 

these technologies.  With a COE of 0.201$/kWh, HOMER Pro's ideal design, which took into account 

the study's objectives of cost-effectiveness and sustainability, comprised three 10 kW WTs, 104 kW PV 

modules, 50 kW DG (diesel generator), 99 kW inverter, and 331 kWh batteries [11]. 

Our study focuses on meeting the electricity needs of Aksu village, a settlement of 36 households located 

in the Hasankeyf district of Batman, using renewable energy sources and, when necessary, grid 

electricity. A cost-benefit simulation for the hybrid system that will supply the village's electricity was 

performed using the HOMER (Hybrid Optimization of Multi-Electricity Renewable Energy) Program, 

developed by the US National Renewable Energy Laboratory (NREL), which enables the evaluation of 

designs for both off-grid and grid-connected power systems for various applications. 
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2. MATERIAL and METHOD 

Batman, located in the north of the Southeastern Anatolia Region, was a district of Siirt Province until 

May 16, 1990, when it became Turkey's 72nd province. Until the 1940s, it was a small village, but with 

the discovery of oil in the Raman Mountain to its south, it began to develop rapidly and has reached a 

population of 647,205 as of 2023. The province has an area of 4,964 km2, most of which is covered by 

mountains, and its elevation above sea level is 570 m.  Located between 41°10' and 41°40' east longitude 

and 38°40' and 37°50' north latitude, Batman has a continental climate with very hot and dry summers 

and cold and snowy winters. From 1959 to 2023, the annual average temperature was 16 °C, the average 

maximum temperature was 23.8 °C, the average minimum temperature is 8.9 °C, the highest temperature 

is 48.8 °C, the lowest temperature is -24 °C, the average number of rainy days is 80.7, and the average 

rainfall is 489 mm. Our study focuses on meeting the electricity needs of Aksu village, a settlement of 

36 households located in the Hasankeyf district of Batman, using renewable energy sources and, when 

necessary, grid electricity. A cost-benefit simulation for the hybrid system that will supply the village's 

electricity was performed using the HOMER (Hybrid Optimization of Multi-Electricity Renewable 

Energy) Program, developed by the US NREL, which enables the evaluation of designs for both off-

grid and grid-connected power systems for various applications. 

Homer Pro performs energy balance calculations for each system configuration, taking into account 

system cost calculations, capital, replacement, operating and maintenance, fuel, and interest costs. It 

determines whether this configuration is feasible, i.e., whether it can meet the electricity demand under 

the specified conditions, and estimates the system's installation and operating costs over the project's 

lifetime [12]. 

2.1. Load and Solar Data 

It has been determined that in 2023, the villagers consumed 450,000 kW of electricity, which 

corresponds to 37,500 kW per month and an average of 1,250 kW per day. According to the data 

obtained, the data in Figure 1 was obtained by evaluating the average electricity used per day by the 

villagers in 2023 according to hourly intervals. The figure below includes load values for electricity 

used in agriculture and livestock farming. 

 

Figure 1. Aksu Village Daily Electricity Consumption. 

According to the Solar Energy Potential Atlas (Figure 2) obtained from the General Directorate of 

Electrical Works of Batman Province, it has been observed that Aksu Village, located between 

Hasankeyf and Gercüş Districts, has a solar radiation potential higher than the average of Batman 

Province, which has a high potential [13]. Hasankeyf global radiation values are obtained from General 

Directorate of Electrical Works of the Ministry of Energy and Natural Resources, illustrated in Figure 

3. 
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Figure 4 shows that the maximum sunshine duration in the district of Hasankeyf was 12.28 hours in 

July, while the lowest values were around 4 hours in December and January. Due to the insufficient 

sunshine duration in the winter months, we need to add electricity supply from the grid to the system 

we will prepare. According to the Ministry of Energy and Natural Resources' regulation on license-free 

electricity production, if electricity is used from the grid, the amount of electricity consumed must be 

equal to the amount of electricity that is not consumed and is to be sent to the grid [14].  This will ensure 

that the settlement is made. 

 

Figure 2. Batman Solar Energy Potential Atlas. 

 

Figure 3.  Hasankeyf Global Radiation Values (kWh/m2-day). 

 

Figure 4. Hasankeyf Sunshine Duration (Hours). 
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2.2. HRES Configuration 

The system model designed in the Homer Pro program based on the data entered for Aksu village is 

shown in Figure 5. Since the EPDK updated prices four times a year for our village, which uses low 

voltage and a single-term tariff of 8 kWh/day and below, at three-month intervals, the average price of 

electricity purchased from the grid in 2023 was entered as 2.215 TL, and the price of electricity to be 

sold to the grid by us was entered as 0.694 TL [15]. In 2023, the average exchange rate was 1 USD = 29 

TL [16]. The cost of electricity purchased from the grid was calculated as 0.076 USD, and the cost of 

electricity produced and sold to the grid was calculated as 0.024 USD. 

 

Figure 5. Homer Pro Design Model. 

2.3. Economic Formula 

The formulas used in cost calculations to perform an economic evaluation for our project are listed 

below [12]. 

Real interest rate: 

𝑖 =
𝑖′ − 𝑓

1 + 𝑓
 (1) 

𝑖 = real interest rate 

𝑖′ = nominal interest rate 

𝑓 = yearly inflation rate 

Net Present Cost: 

∑
𝐵𝑡

(1 + 𝑖)𝑡
− ∑

𝐶𝑡

(1 + 𝑖)𝑡

𝑛

𝑡=0

𝑛

𝑡=0

 (2) 

𝐵𝑡 = cash inflow in year 𝑡 

𝐶𝑡 = cash outflow in year 𝑡 

𝑛 =  year 

Cost of energy: 

𝐶𝑡𝑜𝑡

𝐸𝑡𝑜𝑡
 (3) 

𝐶𝑡𝑜𝑡 = The total cost of annual system, including all components 

𝐸𝑡𝑜𝑡 = Annual energy production 
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3. RESULTS AND DISCUSSION 

When examining our Cost Table, the Lowest Cost System requires an initial capital of 8,378,332 TL 

($288,908) and annual operating and maintenance costs of 1,724,949 TL ($59,481). Looking at the 

electricity data used for the system, the cost per kW is found to be 5,104 TL ($0.176). 

Table 1. HRES configuration cost summary. 

 Base case Lowest cost system 

NPC  2,95 M $ (85,55 M TL) 1,12 M $ (32,48 M TL) 

Initial investment 55.000 $ (1.595.000 TL) 288.908 $ (8.378.332 TL) 

O&M cost 206.362 $/yr (5.989.498 TL/yr) 59.481 $/yr (1.724.949 TL/yr) 

COE 0,461$/kWh (13,369 TL/kWh) 0,176 $/kWh (5,104 TL/kWh) 

The interest rate applied by the Central Bank for loans granted to banks is 15.58% [17], and the inflation 

rate is 10.02% [18] on average. The project life is set at 25 years based on the data entered. When 

economic criteria are evaluated, the system is easily repaid within 3.6 years. This shows that the system 

pays for itself in less than two years and begins to generate profit. The investment/cost return, which is 

the ratio between net income and investment showing that the investment gain is positive relative to the 

cost, was found to be 59%. The internal rate of return (IRR), which is the discount rate that expresses 

the rate at which investments will provide added value, i.e., the series of added values to be obtained in 

a certain period equal to the investment amount, was found to be 62%. 

The prices obtained from the data entered into the Homer Program are given in US Dollars, and when 

the dollar is calculated as an average of 29 Turkish Liras in 2023, the data obtained is as follows. The 

net present cost of the system, obtained by subtracting the present value of investment expenses from 

the present value of the return, was calculated as $1,825,144 (52,929,176 TL), and the annual return of 

the project was calculated as $130,195 (3,775,655 TL). 

Table 2. Electricity production and consumption data. 

  kWh/yr % 

 

Production  

PV 114.617 24,1 

Automatic generator 59.042 12,4 

Grid (Purchase) Acquisitions 301.795 63,5 

Total 475.454 100 

 

Consumption 

Alternative current (AC) Primary load 456.250 100 

Direct current (DC) Primary load 0 0 

Deferrable load 0 0 

Total 456.250 100 

When examining the electricity data in Table 2, it is seen that 475,454 kWh of electricity was generated 

annually, 456,250 kWh of electricity was consumed, and the surplus electricity amount was calculated 

as 5,145 kWh. For the fuel data used as diesel for the system, the average daily fuel consumption was 

50.9 L, the average hourly fuel consumption was 2.12 L, and the total fuel consumption was calculated 

as 18,590 L. The emission data to be obtained when the project is implemented is shown in Table 3. 

Table 3. Emission values. 

Quantity Value (kg/yr) 

CO2 239.395 

CO 307 

Free Hydrocarbons 13,4 

Particulate Matter 1,86 

Sulfur Oxide 946 

Nitrogen oxides 693 
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4. CONCLUSIONS 

In our study, the Homer Pro program was used to perform cost and other analyses of the electricity that 

would be generated by installing solar panels in Aksu Village, located in the Hasankeyf district of 

Batman Province in the Southeastern Anatolia Region, where the duration of sunshine is high. The 

lowest-cost system requires an initial capital of 8,378,332 TL ($288,908) and annual operating and 

maintenance costs of 1,724,949 TL ($59,481). Based on the electricity data used for the system, the cost 

per kW was found to be 5.104 TL ($0.176). The net present cost of the system is calculated as $1,825,144 

(52,929,176 TL), and the annual return on the project is calculated as $130,195 (3,775,655 TL). Thus, 

the system pays for itself in less than two years by also using grid electricity and begins to generate 

profit. 

The use of photovoltaic panels to generate electricity from solar energy, a renewable energy source, is a 

new and rapidly developing technology. Looking at our country's solar energy potential, it is observed 

that while some parts of the Black Sea, Marmara Region, and Central Anatolia Region have low sunshine 

durations, this ratio is very high in other regions. It seems very logical to turn to this energy source, 

which is both cleaner and could end our dependence on foreign energy, in regions where sunshine 

duration is high and there is a need for energy. As it is a new technology, there has not been much 

research on whether photovoltaic panels pose a threat to human or animal health or have negative effects 

on the environment. However, considering the chemical substances such as lead contained in the panels, 

research should be conducted on whether they are harmful to the environment. 
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