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1. Introduction 

Energy occupies a pivotal place in the development process, as it enables investments and the launch of innovations and 

new industries; therefore, finding solutions to address the increasing demand for energy has become necessary [1]. 

Transportation consumes around 26% of the total energy consumption by many countries, and the big amount of that 

energy is coming from the burning of fossil fuels. This indicates that transportation is a key contributor to the issue of 

rising energy demand and global warming [2]. To participate in reducing harmful emissions to the environment, the 

European Union regulation sets goals to reduce emissions from vehicles for the years 2025 and 2030. One of these goals 

is reducing carbon dioxide emissions by 15% for street vehicles. The use of conventional vehicles must now be limited, 

even though numerous technologies and studies are being conducted to develop vehicle engines that reduce emissions and 

the consumption of fuel. These engines, which continue to run on fossil fuels, contribute to the same issues that we are 

trying to avoid. At the time when the British and French governments announced that the sale of all small traditional 
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Abstract 
 

The transition from conventional vehicles to electric vehicles (EV) represents an important development in the field 

of sustainable transportation. To prevent concerns about battery drain, the use of EVs requires the establishment of 

sufficient charging stations (CS) to recharge vehicle batteries. In Iraq, the infrastructure of electric vehicle charging 

stations (EVCS) is still limited, which reduces the reliance and reliability of EVs. This study assessed the economic 

efficiency and feasibility of optimizing hybrid renewable energy systems (HRES) for EVCS in three cities of Iraq 

addressing the growing demand for renewable energy due to concerns regarding fossil fuel depletion, environmental 

sustainability, and escalating conventional energy expenses. Hybrid Optimization Model for Multiple Energy 

Resources (HOMER) program was used considering weather data, load profiles, and equipment specifications. The 

results indicated that the system with a capacity of 300 kW of photovoltaic (PV), 100 kW of generator (GEN), and 78 

units of batteries is found to be the optimal system in all three cities, with the lowest cost of energy (COE) around 

0.025 $/kw. The renewable energy fractions of the optimal system in Mosul, Baghdad, and Basrah are 53%, 52.7%, 

and 52.7%, respectively. This setup achieves annual energy production of 704351 kWh from PV and 509681 kWh 

from GEN. This arrangement keeps the battery storage at a high state of charge (SoC), guaranteeing system stability 

and prolonging the battery's life. The system's capacity to reliably fulfil load requirements with less dependence on 

the DG. These results provide valuable insights into the deployment of HRES to achieve a more sustainable 

environment. 

mailto:Othman.jaseem@uoanbar.edu.iq
mailto:qusay.alsultan@uoanbar.edu.iq
mailto:abdullah.fawzi@uoanbar.edu.iq
mailto:Sameh.sabah@uoanbar.edu.iq
mailto:Mustfa966alobadi@gmail.com
https://doi.org/10.54216/JISIoT.170121


292 
 
 

vehicles that operate on fossil fuels is going to be banned by 2040, there is a great trend towards the use of electric vehicles 

(EV)  [3]. In addition to the excellent performance of EVs, they require less maintenance and can significantly reduce 

greenhouse gas emissions compared to the use of conventional vehicles, which contributes to a greener and more 

sustainable future by reducing dependence on fossil fuels. EVs are also cost-effective in term of fuel economy, as the cost 

of electricity is lower than that of fuel, and electricity prices are stable compared to the fluctuations in fuel prices that have 

risen over the past decade. The number of EVs has reached 5 million in 2018 with an increase of 63%, and this increase 

gives a great indication of the increase in their spread and reliability [4]. Due to the severe lack of electric vehicle charging 

stations (EVCS) in most countries, the majority of EV owners prefer to rely on slow charging at home before leaving for 

work. However, travelling to distant locations becomes more problematic, necessitating the installation of EVCS to ensure 

a continuous supply of electricity without straining the existing electrical grid. Ironically, EVs are environmentally friendly, 

but traditional methods of charging EVs currently rely on electricity generated from fossil fuels, which causes large 

amounts of carbon emissions. Renewable energy sources (RES) are clean, reliable, and do not harm the living organisms, 

nor do they pollute the environment [5]. Therefore, integrating renewable energy sources into the EV charging 

infrastructure has become a pivotal step toward promoting sustainability in the field of transportation. By using renewable 

energy sources to charge EVs, we can significantly reduce the environmental impact, demonstrate our continued 

commitment to greener and more sustainable transportation options, and achieve energy independence. 

The transition from traditional energy to renewable energy is a goal sought by governments and large companies, but 

during this quest for transformation, some obstacles must be faced and some problems must emerge. Among these 

obstacles, facing renewable energy systems such as solar panels are the high cost and the need for a suitable climate. In an 

effort to solve some of these problems, researchers have developed a new system known as HRES, meaning “Hybrid 

Renewable Energy Systems,” which is a system that combines two or more energy sources so that they work together in 

an integrated manner to provide a higher energy rate and efficiency than one source working separately. HRES is the 

subject of several research projects that combine two or more global sources. In [6], authors studied the techno-economic 

analysis of an off-grid system consisting of PV/Battery for EVCS in Madrid/Spain using Hybrid Optimisation Model for 

Multiple Energy Resources (HOMER) software [7]. The obtained results demonstrated that the off-grid system could 

reduce air pollution and was considered a viable option. Temperature effects were not considered in the study. In [8][9], 

authors optimised a PV/WT system for CS in Turkey, finding that a 200 kW of WT and 250 kW of PV configuration was 

the optimal one. In [10], authors conducted a techno-economic analysis of PV/GEN/Battery to estimate the annual cost of 

energy (COE), CO2 emission, and the system balance of CS in the United States and China using a simulation model in 

different scenarios. The results showed that the use of charging systems in front of shops, malls, and car parking during 

working hours is economically, environmentally, and technically feasible in all locations. PV fractions of 50% and 75% 

are feasible in studied places, while a fraction of 100% is possible but may incur high costs. In [11], authors compared 

between renewable and non-renewable systems using WT, PV, GEN, and batteries using HOMER software. As a result, 

an optimised system could reduce the net present cost (NPC) and CO2 by around 29.65% and 16 tonnes, respectively. In 

[12], authors designed an off-grid system comprising PV/biogas generators/batteries for EVCS in India using HOMER Pro 

software to determine the lowest COE and NPC. The results showed that the minimum COE and NPC were around 0.1902 

$/kWh and 68,202 $, respectively. In addition, the system could reduce the annual CO2 emissions by around 44.16% and 

save around 13−17 $ per month for one vehicle compared to conventional CS. In [1][13], authors conducted a study to find 

the technical and environmental configuration of PV/GEN/battery for EV CSs in three cities of Ethiopia. The results 

showed that the optimal system was found with a minimum COE of 0.18 $, 0.196 $, and 0.188 $ and NPC of 2.85 M$, 

2.72 M$, and 2.97 M$, respectively. In [14], authors investigated the techno-economic optimisation of an off-grid RES to 

meet the required electrical demand of CS in four cities of Qatar using HOMER software. The results showed that 

WT/PV/electrolyser/biogenerator/battery is the optimal system for the studied places, with COE ranges between 0.285 

$/kW to 0.329 $/kW and NPC ranges between 2.53 M$ to 2.92 M$. In [15], authors conducted a techno-economic 

evaluation of a PV/WT system for vehicle CSs at a highway at six places in India using HOMER software. The results 

confirmed that the correct choice of location might reduce the COE and increase electrical energy production by 70%. In 

[16], authors optimised an off-grid re to electrify CSs across six regions in Turkey using HOMER software. As a result, 

among the provinces, Manisa is the optimal location to implement an EVCS with a yearly energy production of 3,049,337 

kWh. The COE and NPC are found as 0.441 $/kWh and 7.24 M$, respectively. In [17], authors evaluated a stand-alone 

PV/hydrogen/battery system in Pakistan, finding that the PV/hydrogen/battery with a COE of 0.379 Rs/kWh is more cost-

effective than the PV/hydrogen with a COE of 0.432 Rs/kWh[18]. In [19], authors optimised PV/WT/battery HRES for 

EVCSs at five different locations in China. The results showed that the PV/WT/battery system is the most optimal 

configuration in the five regions, with energy costs varying from one region to another. It also showed that the real number 

of EVs could affect the design of the CS [20]. 
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While numerous studies have explored the integration of HRES in various contexts, there is no detailed study from a 

technical and economic standpoint on the possibility of investing in renewable energy sources and establishing an electric 

CS in Iraq that relies on renewable energy sources for its energy as an alternative to stations that rely on fossil fuels. For 

the mentioned reasons, this study addresses these shortcomings by utilising localised meteorological data to design and 

optimise a RES for EVCS based on solar energy in three of the biggest cities of Iraq, which have high population density 

and potential for EVs. 

The Key Contributions of the paper in bullet points. 

1.  EV Charging Infrastructure Assessment in Iraq — Points to the current limitations in Iraq’s EV charging station 

(EVCS) infrastructure and the need for reliable, sustainable solutions. 

2.  Analysis of HRES for EVCS: The economic efficiency and technical feasibility of employing Hybrid Renewable 

Energy Systems (HRES) to power Electric Vehicle Charging Stations (EVCS) in three Iraqi cities (Mosul, Baghdad, 

and Basrah) is explored in this article. 

3.  HOMER Software Optimization: Simulates and optimizes various configurations using the Hybrid Optimization 

Model for Multiple Energy Resources (HOMER) software taking into account weather data, load profiles, and 

equipment specs. 

4.  Determines Optimal System Configuration: Identifies the least cost configuration as 300 kW of photovoltaic (PV) 

panels, 100 kW generator, and 78 units of battery storage, with resulting low cost of energy (COE) of ~$0.025/kWh. 

5.  Tabulated Renewable Energy Contents: Lists renewable energy share for individual cities — Mosul 53%, Baghdad 

and Basrah 52.7% — indicating significant utility-scale renewable penetration. 

6. Advanced battery storage use: Proves that the system keeps a high SoC (State of Charge) level for batteries, ensuring 

system stability and operational longevity. 

7.  Reduced Dependence on DG: Verification of meeting energy demands at a significantly lower dependency of 

conventional diesel generators. 

8.  Complying Sustainable Energy Policy: Offers a solid foundation for evidence-based decision making on potential 

policies to promote renewables-based EV infrastructure in Iraq and similar areas. 

 

2. Methodology  

 

2.1. Status of EVs in Iraq 

 

In a country like Iraq, some vehicle selling companies began importing EVs to the Iraqi markets after the Iraqi government 

enacted laws encouraging people to buy environmentally friendly vehicles, as the customs duties imposed on EVs were 

reduced by up to 100% in 2019, but still EV owners suffer from the problem of a lack of CS, and establishing an EVCS 

will provide convenience to EV owners, which will help in its spread. Comparing to other countries, Iraq has a good chance 

to investigate in the field of solar energy due to its distinguished position. 

 

2.2. Sizing methodology of EVCS 

 

The sizing methodology of EVCS needs to know the Meteorological data, load demand that the system should meet, and 

components are using in the proposed system, with different prices and properties. When establishing an EVCS, the place 

must be easily accessible and suitable for drivers, and it is preferable for the station to be on main and highway roads to 

achieve the greatest benefits. Therefore, in this study, three stations will be taken, which are Mosul in the northern 

(36.3489° N, 43.1577° E), Baghdad in the central (33.3152° N, 44.3661° E), and Basrah in the southern (30.5042° N, 

47.7825° E) of Iraq as a case study. According to the load, there are several types of EVs produced by companies in the 

international market, including Tesla, Toyota, BMW, Renault ZOE, and Mercedes. In the western region, the prevailing 

types are Toyota Highlander, Renault ZOE, and BMW. It is worth noting that the battery capacity and charging time vary 

from one vehicle to another. Among these models, the BMW i3 has a good battery capacity of 33 kWh. Since the station 

is on external roads, it is expected that many vehicles will be charged at the same time. There must be additional facilities 

at the station, such as restaurants and shops. In this study, 2 BMW vehicles are assumed to be charged in one hour at night 

and 4 vehicles at daylight. 20 kW is assumed to be for additional facility load, so the system should supply 86 kWh from 

7 p.m. to 6 a.m. and 156 kWh from 7 a.m. to 6 p.m. The selected regions are shown in Figure 1. 
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Figure 1. Selected regions in Iraq 

 

 

2.3. Data collection 

 

Iraq stands out with a high amount of radiation, with the monthly average reaching between 2.73 kWh/m2/day and 7.57 

kWh/m2/day in December and June, respectively, and this gives a good indicator for generating electrical power. The 

ambient temperature affects adversely the voltage output of the solar panel, so when the temperature of the solar panel 

increases, the efficiency of the panel decreases clearly. Figure 2 and Figure 3 show the monthly solar radiation and ambient 

temperature received in the studied places. These are obtained from the Ministry of Transport and Communications, 

General Authority for Meteorology, Climate Section of Iraq. 

 

 

Figure 2. Solar radiation received in studied places (kWh /m2/d) 

 

 

Figure 3. Monthly ambient temperature (°C) 
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2.4. System configuration 

 

The schematic diagram of the proposed system is shown in Figure 4. The specifications of parameters are presented 

in Tables 1 and 2. 

Table 1: The system components characteristics[31] 

Component Parameters Values 

 PV (Generic Flat Plate PV) Capacity (w) 1 kW 

operation temperature(°C) 45 

Temperature coefficient (%/°C) -0.41 

Efficiency (%) 17.49 

Derating factor (%) 88 

System converter Efficiency (%) 90 

Lifetime (years) 15 

Battery Nominal capacity (kWh) 6.91 

Round trip efficiency (%) 95 

Diesel generator Fuel type diesel 

Capacity (kW) 100 

Fuel curve intercept (L/h) 36.8 

Fuel curve slope (L/h/kW) 0.278 

Minimum load ratio (%) 20 

 

Table 2: Costs of system components 

Component Lifetime Purchase cost Replacement Maintenance cost 

PV 25 years 1000($) - 25 $/year 

GEN 15000 h 40000$ 40000 ($) 0.01 $/h 

battery 8 years 600 500($) 0 

converter  10 years 180 ($/kW) 175 ($/kW) 0 
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Figure 4. Schematic diagram of the system 

 

2.5. Hybrid system modelling 

 

2.5.1. Modelling of PV 

 

The PV output can be calculated by Eq. (1)[21]-[22]. 

𝑷𝒑𝒗 = 𝒀𝒑𝒗𝑭𝒑𝒗 ×
𝑮

𝑮𝑹𝑬𝑭
× [𝟏 + 𝑲𝒕(𝑻𝒄 − 𝑻𝒄,𝑺𝑻𝑪)]                    (1) 

Where YPV is the PV rated power, Fpv is the derating factor, G is the solar radiation (W/m2), GREF is the reference 

radiation (1000 W/m2), Tc,STC is the reference temperature (25°C), Kt is the temperature coefficient (%/°C), and Tc 

is the PV surface temperature.  

2.5.2. Battery model 

The lifetime of the batteries, which are affected by the number of times they are charged and discharged (number 

of cycles), is calculated by Eq. (2) [23]. 

𝑹𝒃𝒂𝒕𝒕 = 𝑴𝑰𝑵(
𝑵𝒃𝒂𝒕𝒕𝒙𝑸𝒍𝒊𝒇𝒆𝒕𝒊𝒎𝒆

𝑸𝒕𝒉𝒓𝒑𝒕
, 𝑹𝒃𝒂𝒕𝒕,𝒇)                            (2) 

where Rbatt represents the lifetime of the storage (year), Nbatt is the number of batteries, Qlifetime is the single 

storage lifetime (kWh), Qthrpt is the annual storage throughput (kWh/year), and Rbatt,f is storage float life (year). 

The battery wear cost refers to the cost of cycling energy through the storage bank. If the storage properties indicate 

that the storage life is limited by throughput, the program assumes the storage bank requires replacement when its 

lifetime throughput equals its total throughput. Therefore, with each kWh of throughput, the storage bank 

approaches its required replacement. Storage wear cost is calculated by Eq. (3). 

𝑪𝒃𝒘 =
𝑪𝒓𝒆𝒑,𝒃𝒂𝒕𝒕

𝑵𝒃𝒂𝒕𝒕𝒙𝑸𝒍𝒊𝒇𝒆𝒕𝒊𝒎𝒆𝒙√ŋ𝒓𝒕
                                (3) 

where Crep,batt is the replacement cost of storage bank (USD), Nbatt is storage bank number of batteries, Qlifetime 

is the single storage lifetime throughput (kWh), and ŋrt is storage round trip efficiency (fractional). 

  

2.5.3. Modelling of GEN  

 

The efficiency and the hourly fuel consumption are the factories that affect the choosing of GEN in  designing of 

HRES, as shown in Eq. (4)[24]-[25]:  

𝑸(𝒕) = 𝒂. 𝑷(𝒕) + 𝒃. 𝑷𝒓                                     (4) 

Where Q(t) represents the GEN fuel consumption in L/h, P (t) is the GEN generated power in Kw and Pr is the 

GEN rated power, a and b are constants and taken as 0.246 and 0.08415, respectively, which represent the 

coefficients of fuel consumption. 

 

2.5.4. COE model 

 

The COE is the average cost of electricity per kWh. It is calculated by Eq. (5)[26]-[27]. 

 

𝑪𝑶𝑬 =
𝑪𝒂𝒏𝒏,𝒕𝒐𝒕

𝑬𝒂𝒏𝒏,𝒕𝒐𝒕
                                           (5) 

Where 𝐂𝐚𝐧𝐧,𝐭𝐨𝐭 is the total annualised cost of the system ($/yr) and 𝐄𝐚𝐧𝐧,𝐭𝐨𝐭is the electrical served during system 

lifetime (kWh/year) 
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2.5.5. NPC model 
 

NPC represents all expenses incurred by the system during the lifetime of the system. It can be calculated by Eq. 

(6) [28]-[27]. 

𝑵𝑷𝑪 =
𝑪𝒂𝒏𝒏,𝒕𝒐𝒕

𝑪𝑹𝑭(𝒊,𝑹𝒑𝒓𝒐𝒋)
                                    (6) 

Cann,tot represent the total annualised cost (USD/year), i is the real interest rate (%), CRF is the capital recovery 

factor, and Rproj is project lifetime (year). The capital recovery factor can be calculated by Eq. (7) [29]. 

 

𝑪𝑹𝑭 =
𝒊(𝟏+𝒊)𝒏

(𝟏+𝒊)𝒏−𝟏
                                         (7) 

where i is the real interest rate (%) and n is the number of years. 
 

2.6. Power Management 
 

The power management of a power system is slightly critical because the system may consist of renewable and 

traditional sources with a battery as a backup, so managing the power supplied from renewable energy and 

charge/discharge of the battery should be taken into account and chosen properly. The strategy of controlling the 

power is summarised in three points: 

 The renewable sources supply electricity to the load, and the excess electricity is used for charging the battery. 

 When renewable sources could not able to meet the load. Battery will discharge to cover the shortfall. 

When the battery reaches its minimum SoC and there is a shortage, GEN will compensate for the shortfall. 
 

2.7. HOMER pro software 
 

The HOMER software is an important tool used in designing single-source and hybrid electrical systems by 

combining traditional energy sources (fossil fuels) and renewable sources (solar, wind, and hydro energies) in 

addition to energy storage units and inverters. This tool can be used in several applications, for example, residential 

homes, university campuses, communication towers, and EVCS. It was done by Modern National 

Laboratories/USA [30]. This tool requires several inputs to analyse the system, including climate data such as solar 

radiation, wind speed, and temperature, in addition to the specifications and prices of the components used in the 

system. It can be isolated and connected to the network systems. It can also give different configurations to obtain 

the optimal system in terms of the total cost of the project and the cost of energy produced. 
 

3. Results and Discussion 
 

In this section, the results of different system configurations were presented. After setting the initial conditions of 

the proposed system in Baghdad, which were: load demand is 2952 kWh/day, annual average solar radiation is 

8.49 kWh /m2/day, and annual average temperature is 28.054 c. Project lifetime assumed to be 25 years. Nominal 

discount rate (NDR) is 6% and annual capacity shortage is zero percentage. Two systems among different 

configurations are analysed from technical, environmental, and economical sides, namely: GEN and 

PV/GEN/Battery to show the comparison between electrical sources using conventional energy generation and 

combining fossil fuel sources with solar energy. The sensitivity is included, which represents the effects of 

changing some parameters on the system’s accuracy. The result of the first station (Baghdad), which is taken as a 

reference, is presented in the section below. 
 

3.1. Baghdad station 
 

3.1.1. Standalone GEN system 
 

In this configuration, the station depends 100% on the GEN for supplying electricity. The result showed that the 

optimal system with the lowest cost of energy was found with two GENs, as shown in Figure 5. The first GEN has 

a capacity of 100 kilowatts, through which it can cover the required load during the night. The second GEN, whose 

capacity is 80 kilowatts, covers the load during the day in cooperation with the first GEN. 

The electricity production was found to be 1077840 kWh/yr with zero unmet electric load. The COE and the capital 

cost are 0.03$/kWh and 1600000$, respectively. The total fuel consumption over the project period is 347616 L, 

and the net present cost of the project is 1350000. 

 

 
Figure 5. Optimisation result of HOMER 
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3.1.2. PV/GEN/battery system 

 

This configuration examines the impact of combining PV modules with GEN. Batteries are needed to store the 

excess energy and use it at another time when PV capacity cannot meet the load demand. The system with a 

capacity of 300 kW of PV, 100 kW of GEN, and 78 units of batteries is found to be the best system (the optimal 

system with the lowest COE and NPC as shown in Figure 6) with a total electric production of 1214032 kWh/yr 

and a capital cost of 17775391$. 

 

Although the initial cost of a system that contains only diesel is lower than a hybrid system, however, during the 

lifetime of the project, which is 25 years, the energy production rate in the hybrid system is lower than that of a 

conventional energy generation system due to the long lifetime of the project, and this is an incentive for the 

increase in the use of renewable energy sources. 

 

Both configurations are reliable and can meet the load demand, but since the main objective of designing a HRES 

is to design a reliable system with less costs and harmful gas emissions, compared with GEN and PV/GEN/battery, 

in this location, PV/GEN/battery is the optimal system for meeting the electrical load demand for CS requirements 

for the studied site. 

 

 
Figure 6. Optimisation result of HOMER 

 

3.1.2.1. Power Generation 

 

The monthly average energy generated by the optimal system, which consists of 300 kW PV, 100 kW GEN, and 

78 batteries for one year, is shown in Figure 7. PV generates around 704351 kWh/year (52.7%), while GEN 

generates around 509681 kWh/year (47.3%) of the total production. The total electricity consumption is 1077480 

kWh/year from the total electricity generation of 1214032 kWh/year.  

 

 
Figure 7. Monthly average energy generated 

 

The hourly output for three days in January is shown in Figure 8 and Figure 9 showing the PV output with the load 

demand, SOC, and GEN outputs. It is obvious to see that at the beginning of the day, when the weather is sunny, 

the energy generated from the PV will cover the required load in addition to charging the batteries for use at night 

or when the sun is absent. In the case of dusty or cloudy weather, the energy generated from the PV may not be 

enough to charge the batteries or even cover the required load, and thus the battery begins to supply power to the 

load until it reaches the minimum SOC. In this case, the GEN will work and compensate for the loss of power, and 

this increases the reliability of the system by reducing the electricity shortage.  
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Figure 8. Hourly output of PV, GEN, and load demand 

 

 
Figure 9. Hourly battery discharge, SOC, and GEN output 

 

 

3.1.2.2. Economic Evaluation Results 

 

The results showed that the proposed hybrid system, which consists of PV/GEN/Battery, was economically 

optimal compared to the first system, which consists of only GEN. Figure 10 shows the cost summary of the 

optimal system component. The results showed that the major cost of the project goes to the resource cost of fuel 

used during the lifetime of the project, followed by the replacement cost. The high replacement cost because the 

replacement parts of the system, except solar panels, are replaced according to the life span of each part. This 

means that the parts were replaced more than once. Next comes the capital and maintenance costs, respectively, 

as shown in Figure 10. 

 

 
Figure 10. Cost summary of the optimal system component 

 

 At the same time, the economic and component sequential cash flow during the project lifetime is shown in Figure 

11. The figure shows that the initial cost, which is in the first year, takes the largest value from the project cost, 

followed by the replacement cost, which occurs in successive years depending on the lifetime of each component. 

Parts have been replaced in more than one year, and this means that the parts have been replaced more than once. 

Next comes the cost of fuel, which varies relatively depending on the number of hours the GEN runs during the 

year. As for the operating cost, it is very low compared to the total project cost. Therefore, it appears that there are 

revenues from the parts that can be benefitted from after the end of the project’s life, and this is what the value of 

the salvage explains. 
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Figure 11. The economic and component chronological cash flow 

 

3.1.2.3. Emission 

 

As for the greenhouse emissions, their quantity changes according to the number of hours that the GEN operates. 

This means that the greater the reliance on renewable energy, the fewer the number of hours the GEN operates, 

and this will reduce harmful emissions. Therefore, increasing the amount of solar radiation in a certain place will 

increase the production of the resulting energy that supplies the load, which leads to reducing dependence on the 

GEN and thus reducing emissions. The annual emission is calculated by multiplying the emission factor by the 

total annual fuel consumption. Figure 12 shows different types of greenhouse emissions. It shows that the 

integration of solar energy with the GEN will reduce emissions. 

 

 
Figure 12. Greenhouse emissions in the proposed system 

 

  

3.2. Mosul and Basrah 

 

Since the first site (Baghdad station) was considered a reference for this study and the HRES was designed and 

the optimal system was carefully chosen, in these two regions, the same optimal system that was obtained from 

the first site was designed using the same inputs (technical and economical parameters) and conditions. Since solar 

radiation and temperature vary from one region to another, which can affect the output of the system, the solar 

radiation and temperature available in those two regions were taken into account. The optimal systems obtained 

in these sites are shown in Table 3. The results show that the optimal system in Mosul contributes 53% renewable 

energy, and in Basra, renewable energy contributes 52.7%. Despite the small difference in the percentage of solar 

energy participation, the generation rate is high in all three places, and this gives an indication that investing in 

solar energy in Iraq is feasible and has a promising future. 
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Table 3: The optimal configurations of the studied places 

City PV (kW) GEN (kW) Battery NPC ($) COE ($) Renewable fraction 

(%) 

Basra 300 100 78 1.03 M 0.0257 52.7 

Baghdad 300 100 78 1.03 M 0.027 52.7 

Mosul 300 100 78 1.02 M 0.025 53 

 

4. Conclusion and Future Works 

 

Using electric vehicles instead of traditional vehicles is considered the best solution to reduce the problems of fuel 

depletion, increasing the fuel prices and air pollutions. Most of the EVCS that provide electricity EV depend on 

fossil fuel energy so renewable sources of energy must be considered as a priority to solve or reduce these 

problems. In order to design an electric system, it is very important for the investor to consider the minimum 

configuration cost for fulfilling the load demand. In this study, the examination of installing PV, DG and battery 

are carried out to obtain the optimal configuration and sizing of the system components to supply electricity for 

EVCS in highway roads in Iraq using HOMER software. The results indicated that the system with capacity of 

300Kw of photovoltaic (PV), 100KW of generators (GEN) and 78 unit of batteries is found as the optimal system 

in all three cities with NPC of 1.03 $M, 1.03$M and 1.02 $M, and COE, with values 0.0257 $, 0.0257 $ and 

0.0255, in Basrah, Baghdad, and Mousl, respectively. The renewable fraction is found as 52.7%, 52.7% and 53% 

in Basrah, Baghdad, and Mousl, respectively. This setup achieves annual energy production of 704351 kWh from 

PV and 509681 kWh from GEN. This arrangement keeps the battery storage at a high state of charge (SoC). The 

outcomes are anticipated to be advantageous for students, researchers, and organizations engaged in renewable 

energy and standalone systems. Future research is recommended to evaluate the feasibility of implementing 

renewable energy systems for EV charging stations in other places. 

Funding: “This research received no external funding”  

Conflicts of Interest: “The authors declare no conflict of interest.”  

References 

[1] Y. B. Muna and C.-C. Kuo, “Feasibility and techno-economic analysis of electric vehicle charging of 

PV/wind/diesel/battery hybrid energy system with different battery technology,” Energies, vol. 15, no. 

12, p. 4364, 2022. 

[2] O. Ekren, C. H. Canbaz, and Ç. B. Güvel, “Sizing of a solar-wind hybrid electric vehicle charging station 

by using HOMER software,” J. Clean. Prod., vol. 279, p. 123615, 2021. 

[3] “Road transport: Reducing CO₂ emissions from vehicles - European Commission.” 

[4] Y. Shi et al., “A real-world investigation into usage patterns of electric vehicles in Shanghai,” J. Energy 

Storage, vol. 32, p. 101805, 2020. 

[5] A. WATIL, “Smart home power management algorithm using real-time model predictive control for a 

stand-alone PV system with battery energy storage,” e-Prime-Advances Electr. Eng. Electron. Energy, p. 

100789, 2024. 

[6] L. S. A. Grande, I. Yahyaoui, and S. A. Gómez, “Energetic, economic and environmental viability of off-

grid PV-BESS for charging electric vehicles: Case study of Spain,” Sustain. Cities Soc., vol. 37, no. 

November 2017, pp. 519–529, 2018. 

[7] KETSEAS, D. (2024). “Stochastic Response of an Airfoil and Its Effects on Lco’s Behavior Under Stall 

Flutter Regime,” Int. J. Mathematics, Statistics, and Computer Science, vol. 2, pp. 168–172. doi: 

10.59543/ijmscs.v2i.8663. 

[8] A. Al Wahedi and Y. Bicer, “Techno-economic optimization of novel stand-alone renewables-based 

electric vehicle charging stations in Qatar,” Energy, vol. 243, p. 123008, 2022. 

[9] M. Tahir, S. Hu, T. Khan, and H. Zhu, “Multi-energy station design for future electric vehicles: A 

synergistic approach starting from scratch,” Appl. Energy, vol. 372, p. 123765, 2024. 



 

302 
 

[10] A. Sierra, C. Gercek, K. Geurs, and A. Reinders, “Technical, financial, and environmental feasibility 

analysis of photovoltaic EV charging stations with energy storage in China and the United States,” IEEE 

J. photovoltaics, vol. 10, no. 6, pp. 1892–1899, 2020. 

[11] S. A. Shezan et al., “Performance analysis of an off-grid wind-PV (photovoltaic)-diesel-battery hybrid 

energy system feasible for remote areas,” J. Clean. Prod., vol. 125, pp. 121–132, Jul. 2016. 

[12] R. Singh, A. Gupta, D. Singh, and A. R. Paul, “Design and assessment of an electric vehicle charging 

station using hybrid renewable energy,” Int. J. Energy a Clean Environ., vol. 23, no. 6, 2022. 

[13] M. A. Mohammed, B. Al-khateeb, M. Yousif, S. A. Mostafa, S. Kadry, and K. H. Abdulkareem, “Novel 

Crow Swarm Optimization Algorithm and Selection Approach for Optimal Deep Learning COVID-19 

Diagnostic Model,” vol. 2022, 2022. 

[14] A. F. Güven and E. Yücel, “Application of Homer in assessing and controlling renewable energy-based 

hybrid EV charging stations across major Turkish cities,” Int. J. Energy Stud., vol. 8, no. 4, pp. 747–780, 

2023. 

[15] J. Nishanthy, S. Charles Raja, T. Praveen, J. Jeslin Drusila Nesamalar, and P. Venkatesh, “Techno‐

economic analysis of a hybrid solar wind electric vehicle charging station in highway roads,” Int. J. 

Energy Res., vol. 46, no. 6, pp. 7883–7903, 2022. 

[16] A. F. Güven, Ş. Türkmen, E. Aşıklı, and G. Örnek, “Investigating the effects of different types of battery 

impacts in energy storage systems on standalone hybrid renewable energy systems,” Karadeniz Fen 

Bilim. Derg., vol. 13, no. 3, pp. 943–964, 2023. 

[17] J. J. D. Nesamalar, S. Suruthi, S. C. Raja, and K. Tamilarasu, “Techno-economic analysis of both on-grid 

and off-grid hybrid energy system with sensitivity analysis for an educational institution,” Energy 

Convers. Manag., vol. 239, p. 114188, Jul. 2021. 

[18] T. M. I. Riayatsyah, T. A. Geumpana, I. M. R. Fattah, and T. M. I. Mahlia, “Techno-Economic Analysis 

of Hybrid Diesel Generators and Renewable Energy for a Remote Island in the Indian Ocean Using 

HOMER Pro,” Sustainability, vol. 14, no. 16, p. 9846, Aug. 2022. 

[19] M. F. H. Mojumder, T. Islam, P. Chowdhury, M. Hasan, N. A. Takia, and O. Farrok, “Techno-economic 

and environmental analysis of hybrid energy systems for remote areas: A sustainable case study in 

Bangladesh,” Energy Convers. Manag. X, vol. 23, p. 100664, 2024. 

[20] M. F. H. Mojumder et al., “Techno-economic and environmental analysis of hybrid energy systems for 

remote areas: A sustainable case study in Bangladesh,” Energy Convers. Manag. X, vol. 23, no. July, p. 

100664, 2024. 

[21] A. S. AZIZ, “Techno-economic analysis using different types of hybrid energy generation for desert safari 

camps in UAE,” TURKISH J. Electr. Eng. Comput. Sci., vol. 25, no. 3, pp. 2122–2135, 2017. 

[22] Y. Ayed, R. Al Afif, P. Fortes, and C. Pfeifer, “Optimal design and techno-economic analysis of hybrid 

renewable energy systems: A case study of Thala city, Tunisia,” Energy Sources, Part B Econ. Plan. 

Policy, vol. 19, no. 1, 2024. 

[23] B. K. Das, Y. M. Al-Abdeli, and M. Woolridge, “Effects of battery technology and load scalability on 

stand-alone PV/ICE hybrid micro-grid system performance,” Energy, vol. 168, pp. 57–69, 2019. 

[24] S. Dhundhara, Y. P. Verma, and A. Williams, “Techno-economic analysis of the lithium-ion and lead-

acid battery in microgrid systems,” Energy Convers. Manag., vol. 177, no. September, pp. 122–142, 2018. 

[25] A. S. AZIZ, “Techno-economic analysis using different types of hybrid energy generation for desert safari 

camps in UAE,” TURKISH J. Electr. Eng. Comput. Sci., vol. 25, no. 3, pp. 2122–2135, 2017. 

[26] Y. Ayed, R. Al Afif, P. Fortes, and C. Pfeifer, “Optimal design and techno-economic analysis of hybrid 

renewable energy systems: A case study of Thala city, Tunisia,” Energy Sources, Part B Econ. Plan. 

Policy, vol. 19, no. 1, 2024. 

[27] B. K. Das, Y. M. Al-Abdeli, and M. Woolridge, “Effects of battery technology and load scalability on 

stand-alone PV/ICE hybrid micro-grid system performance,” Energy, vol. 168, pp. 57–69, 2019. 

[28] S. Dhundhara, Y. P. Verma, and A. Williams, “Techno-economic analysis of the lithium-ion and lead-

acid battery in microgrid systems,” Energy Convers. Manag., vol. 177, no. September, pp. 122–142, 2018. 



 

303 
 

[29] A. S. AZIZ, “Techno-economic analysis using different types of hybrid energy generation for desert safari 

camps in UAE,” TURKISH J. Electr. Eng. Comput. Sci., vol. 25, no. 3, pp. 2122–2135, 2017. 

[30] Y. Ayed, R. Al Afif, P. Fortes, and C. Pfeifer, “Optimal design and techno-economic analysis of hybrid 

renewable energy systems: A case study of Thala city, Tunisia,” Energy Sources, Part B Econ. Plan. 

Policy, vol. 19, no. 1, 2024. 

[31] B. K. Das, Y. M. Al-Abdeli, and M. Woolridge, “Effects of battery technology and load scalability on 

stand-alone PV/ICE hybrid micro-grid system performance,” Energy, vol. 168, pp. 57–69, 2019. 

 


