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Abstract 

In the present scenario, the increasing air pollution is 

a major problem mainly due to the use of petrol and 

diesel vehicles. To control this air pollution, many 

countries start using electric vehicle but electric 

vehicle always need a continuous and good amount 

of power supply. This power supply is mainly 

fulfilled using thermal power plants which emit 

pollution as they provide stable supply as compare to 

renewable power sources. The solution of this 

problem is the use of hybrid energy system based 

charging station where the main power sources are 

pollution free. The designing and optimizing of the 

proposed hybrid energy system based electric vehicle 

charging station using real time data has been done 

in HOMER software. Moreover, results obtained 

after simulating the proposed model indicates that 

the on-grid hybrid charging station system 

successfully store a large amount of power for 

electric vehicle charging, fulfils the desired load 

demand and sales extra power to grid.  

Keywords:  Air pollution, Hybrid Energy system, 

Optimization, Electric Vehicle Charging Station. 

1. Introduction 

 In the present scenario, fossil fuels helps in 

generating large amount of power in the world which 

rapidly increasing air pollution in the world. India 

generates its major portion of power from Coal 

Thermal Power Plant i.e. 58.3%       

(powermin.nic.in/en/content/power-sector-glance-

all-india, 2018).  The main reason behind using them 

is that they maintain continuity of power supply. On 

the other hand, individual renewable energy sources 

are not able to generate fixed amount of power 

always as well as their power generation cost is high. 

The renewable energy technologies are improving 

which result their cost of power generation also 

reduces in future. This forces the world to shift his 

interest towards grid connected hybrid energy system 

that combines two or more energy sources for 

maintaining continuity of power supply by keeping 

at least one conventional energy source in backup. 

Therefore the main goals of this system are the 

continuity of power generation, minimization of 

power purchase from grid, reduction in emission and 

minimization of net present cost. The air pollution is 

not only increasing due to coal based thermal power 

plants but also increasing due to the use of fossil 

fuels in transportation vehicles. This problem can be 

solved by using electric vehicle. Electric vehicle is 

mainly an alternative design of an automobile which 

consists of an electric motor used for converting 

electric energy stored in battery into mechanical 

energy that helps to run the vehicle (Guonadottir, 

2018).  Since the main fuel of electric vehicle is 

electricity so there is no need of fossil fuel which 

reduce pollution in the environment but electric 

vehicle need to charge after travelling fixed amount 

of distance which is a key disadvantage. This 

drawback is possible to remove using Battery 

Swapping Stations (BSS) and Wireless Power 

Transfer (WPT) technology based stations. An 

alternative to the normal charging stations is the 

deployment of Battery Swapping Stations (BSS), 

which swap a customer’s discharged battery with a 

fully charged one of the same type. These stations 

could reduce the customers’ concerns about long 

charging times or having enough stored energy to 

finish a trip (Sarker, 2013). Wireless Power Transfer 

(WPT) technology based stations helps the electric 

vehicle in their charging while moving in a road 

without stopping them. This improves the effective 

driving range and reduces the volume of battery 

storage (Vilathgamuwa, 2015). Both these charging 

stations require a continuous as well as large amount 

of power supply which is mainly provided by 
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conventional energy sources. Therefore there is a 

need of renewable based charging station but 

renewable energy is not always present. The hybrid 

system based charging station used in this paper 

based on a concept of generating maximum amount 

of power from renewable energy sources and less 

amount of power from conventional energy sources 

so that pollution occur in less amount. In the present 

scenario of Tamil Nadu, the installed capacity of 

thermal power plants is 12,479 MW (51%), hydro 

power plants is 2,208 MW (9%) and other renewable 

energy sources based power plants is 9,646 MW 

(40%)(powermin.nic.in/sites/default/files/uploads/Po

wer_For_All_Tamilnadu_Signed.pdf, 2018).This 

shows that the thermal power plants generate a large 

part of power with pollution every year. Therefore, it 

is very necessary to reduce this dependency and for 

that, hybrid system plays a crucial role. With the help 

of one large sized hybrid power plant where 

renewable energy sources contribute a major portion 

of power, it is possible to shut down nearby thermal 

power plants of small capacity. This shows the 

necessity of hybrid energy system based charging 

station in Tamil Nadu. Many research works has 

been carried out in designing hybrid systems that 

produce much less pollution and can efficiently 

reduce the use of conventional way of electricity 

generation. In (Zebraoui, 2016) analysis the sizing 

and feasibility to establish the hybrid energy system 

to meet the required energy demand using solar and 

wind power sources, with a minimal investment cost. 

In (Khan, 2017) proposed the assessment of hybrid 

off-Grid wind PV system to reduce the emissions 

with affordable cost. In (Rey, 2017) analyses the  

modelling of hybrid renewable energy system using 

HOMER software for Calayan Island in such a way 

that it fulfill the electricity demand, and it identifies 

whether it cost effective or not. In (Khadem, 2017)  

presented a Homer based Hydrogen fuel cell system 

design for irritation in Bangladesh. The proposed 

system is used for supplying electricity in the 

irritation areas.                   

2. Description of the System Data 

An on-grid hybrid energy system based charging 

station designed using HOMER software. The 

proposed hybrid system uses solar power, wind 

power, hydro power and thermal power. HOMER 

(Hybrid Optimization Model for Multiple Energy 

Resources) is a free software application and 

developed by the National Renewable Energy 

Laboratory in the United States. It is used to design 

and evaluate technically and financially the options 

for off-grid and on-grid power system especially for 

remote, stand- alone and distributed generation 

applications (Kassam, 2018). 

2.1 Electric Load Data Information 

The average energy consumption of Thanajvur in 

Tamil Nadu is 12 kWh/day. This load data obtained 

from UCI machine learning repository website 

(Kalyani, 2018). On the basis of this data, figure 1 

and figure 2 obtained using HOMER software. 

Thanajvur is a small city in Tamil Nadu. Moreover, 

the distance between Mettur and Thanajvur is 243 

kms or 151 miles (alldistancebetween.com, 2018). 

Figure 1 shows the daily average load profile. Figure 

2 indicates the average load in months where the 

peak load found to be 1 kW.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 1 Hourly Load Profile of Thanajvur 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Monthly Load Profile of Thanajvur 

 

2.2 Solar Radiation, Wind Speed, Temperature 

and Stream flow data of Mettur, Tamil Nadu. 

The data of solar radiation, wind speed and 

temperature are obtained from the database of NASA 

surface meteorology and solar energy 

(power.larc.nasa.gov, 2018).  The average annual 

solar radiation found to be 5.12 kWh/m
2
/day. Figure 

3 shows the monthly average data for daily solar 

radiation and clearness index. Wind speed data found 
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to be at 65 meter above the surface of the earth for 

the Mettur area. Figure 4 indicates the range of the 

average wind speed which is from 2.199 m/s to 3.449 

m/s. The average annual wind speed found to be 2.75 

m/s. Figure 5 indicates the range of the temperature 

which is from 23
o
C to 27.7

o
C. The average annual 

temperature found to be 25.17
o
C.   

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 The monthly average data for daily solar radiation and 

clearness index. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 The monthly average data for wind speed in m/s. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.5 The monthly average data for temperature in degree celsius. 

 

Figure 6 indicates the range of the average stream 

flow is from 21249.7 L/s to 578498.9 L/s. The 

average annual stream flow found to be 184384.2 

L/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.6 The monthly average data for stream flow in L/s. 

3. Description of the System Model 

The design of the simulation model has done 

by choosing different components from HOMER 

software. The model consists of PV power plant, 

wind farm, generator, power converter, electric load, 

battery storage, grid connection, hydroelectric power 

plant, boiler and thermal load as shown in the figure 

7. Annual real interest rate of the project is 6% and 

the project’s lifetime estimated to be 25 yr.  

The PV power plant is indicated by PV in the 

figure 7. The rated capacity of this PV array is 

1008,000 kW and operating temperature is 47°C. 

The capital cost is 2000 $/kW with operation and 

maintenance (O&M) cost is 20 $/year. The 

replacement cost of PV array is 2000 $/kW. The 

lifetime of this PV array is 25 years with efficiency 

of 15%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig.7 The simulation model of the hybrid energy system based 

charging station. 

      The wind farm is indicated by windmill farm in 

the figure 7. The rated capacity is 15,000 kW. The 
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capital cost of five windmills is 4,500,000 $ and the 

operation and maintenance (O&M) cost of five 

windmills is 900,000 $/year. The replacement cost of 

five windmills is 3,500,000 $. The hub height of the 

turbine is 80 m and its lifetime is 20 years.  

                                                                     The 

generator used in this system is indicated by 

Generator in the figure 7. The rated capacity is 200 

kW with lifetime 40,000 hours. The fuel used in this 

generator is natural gas with fuel price is 0.3 $/m
3
. 

The initial capital cost is $ 400,000 and the O&M 

(per op. hour) cost is $ 3.000. The replacement cost 

is $400,000. It is connected with the boiler and 

thermal load. All of them together indicate a thermal 

power plant. The boiler used in this system is 

indicated by Boiler in the figure 7. The fuel used in 

this boiler is natural gas with the efficiency of boiler 

is 80 %. The annual average thermal load is to be 

1,659,360 kWh/d.  The peak thermal load is 238,258 

kW.  The load factor is 0.290. Figure 8 shows the 

daily average thermal load profile. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 8 The daily average thermal load profile in kW. 

 

 

    The hydro power plant is indicated by Hydro in 

the figure 7. The nominal capacity of hydro power 

plant is 90,018 kW. The turbine available head is 350 

m, design flow rate is 33500 L/s, minimum flow 

ratio is 0 %, maximum flow ratio is 150 % and the 

efficiency is 80 %. Its intake pipe head loss is 15%. 

The capital cost is $ 230,000,000. The replacement 

cost is $ 115,000,000 and the O&M cost is 

51,720,000 $/yr. The lifetime is 30 years.  

                                                       The battery 

bank used in this system is indicated by Battery in 

the figure 7. This battery bank consists of five 

batteries where each battery has the capacity of 

20,400 kWh with nominal voltage of 600 V. The 

lifetime of the battery is 15 years and the roundtrip 

efficiency is 90%. The capital cost of one battery is 

1598000 $ with O&M cost of 100000 $/year. The 

replacement cost of one battery is 1400000 $.  

                                                               The 

power converter used in this system is indicated by 

Converter in the figure 7. The lifetime of the power 

converter inverter is 15 years with the efficiency of 

95%. The capital cost is 400 $/kW with O&M cost is 

80 $/year. The replacement cost is 400 $/kW. The 

capacity of the power converter is 1256000 kW. The 

power converter inverter is parallel with AC 

generator.  

      Grid is mainly connected either to give 

excess power to the grid or to consume power from 

the grid as shown in figure 7. When there is shortage 

of power from the renewable or non-renewable 

energy sources then power consumed from the grid. 

On the other hand, after satisfying the load demand 

of an area, if there is an excess of power, then that 

excess power can be sale to the grid. The grid power 

price is 0.210 $/kWh and the grid sellback price is 

0.16325 $/kWh. The grid net metering system is ON 

and the net purchases calculated monthly.  

4. Optimization Result 

This section presents the simulation results from 

HOMER software and discussion of the results. 

After proper analysis of optimization results of 

different configuration on the basis of continuity of 

power supply and cost, one configuration is selected 

as the most suitable configuration.  

                                                       Figure 9 shows all 

the possible configurations of the proposed hybrid 

system with their initial cost, operating cost ($/yr), 

total NPC (Net Present Cost), COE (Cost of energy 

in $/kWh), renewable fraction and natural gas in m
3
. 

From the figure 9, it is clear that the third 

configuration is the most suitable configuration in 

terms of both the continuity of power supply and cost. 

This configuration uses all the power sources as well 

as its overall cost show that the system is economic 

to use. The total net present cost of this configuration 

is $ 254,135,376. The levelized cost of energy is        

-6.554 $/kWh. The operating cost is -199,294,656 

$/yr. This configuration has a renewable fraction of 

0.84. These results indicate that the configuration is 

economic to use. The cash flow summary of the 

proposed configuration for the lifetime is shown in 

figure 10. It indicates the different types of cost of 

each component. 
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Fig.9 Different Configurations of Hybrid Energy System. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.10 Cash flow Summary of Hybrid Energy System. 

 

 

The electrical production and consumption summary 

of the system is given in table 1. In addition, the 

emissions of the system have given in table 1. Figure 

11 shows that the battery storage properties and the 

statistics.  Figure 12 shows the grid purchase (kW) 

per month and grid sales (kW) per month which 

indicates that the hybrid plant injects huge amount of 

power than what it consumes from the grid. And 

from this figure, it is clear that the grid purchase is 

zero and the grid sale is very high. Figure 13 shows 

the battery storage state of charge (%) of one year. It 

indicates that the battery stores a huge amount of 

energy every year which can be used for electric 

vehicle charging. 

 

 

 

 

 

 

 

 

 
Fig.11 The battery storage properties and statistics.
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Table 1 Optimization Results of Hybrid System 

Production Summary of System 

Component Production (kWh/yr) Percent 

 

PV array 1,797,144,704 68.674 

Wind Farm 2,880,749 0.326 

Hydro power plant 811,886,528 31% 

Thermal power plant 

Component Production (kWh/yr) Percent 

 

Generator 1,959,024 0.323 

Boiler 502,507,328 99.7 

Total thermal power 504,466,368 100 

Consumption Summary of System 

Component 

 
Consumption (kWh/yr) Percent 

AC Primary Load 4,380 0.000202 

Grid Sales 2,483,029,760 100 

Total 2,483,034,112 100 

Emissions Summary of System 

Pollutant Quantity Unit 

Carbon Dioxide 1,445,494,272 Kg/yr 

Carbon Monoxide 416,758 Kg/yr 

Unburned Hydrocarbons 0 Kg/yr 

Particulate Matter 11,605 Kg/yr 

Sulfur Dioxide 6,469,198 Kg/yr 

Nitrogen Oxides 2,044,928 Kg/yr 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.12 Grid Purchase (kW) per month and Grid Sales (kW) per month of Hybrid System. 
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Fig.13 The battery storage state of charge (%) of one year 

5. Discussion 

The optimization results show that the total 

generated power is in good amount during the whole 

year. This shows that the continuous power-

supplying objective can be easily achieved using this 

system. This system successfully fulfils the load 

demand and sells a good amount of power to grid 

every year. After fulfilling the load demand, this 

hybrid system easily store a large amount of power 

in the battery that aimed to used for electric vehicle 

charging. The paper suggest an effective business 

strategy of selling the battery storage power for 

electric vehicle charging in such a way that the prices 

of energy lowers then the normal energy prices as 

well as suitable high enough to fulfill the 

requirement of business. Normally grid purchases 

power at a very low price and sell at a very high 

price. So if this system sells its stored power to 

directly electric vehicle charging station companies 

or electric vehicle users at a price lower then grid 

power price. This initiates a new type of business 

strategy and promotes electric vehicle use in Tamil 

Nadu.  

5. Conclusion 
The overall conclusion of this analysis is that the 

hybrid system with its controllers provides a 

profitable and effective control strategy as well as 

business strategy in reducing pollution, energy 

management, energy storage and electric demand 

fulfillment. In future, the thermal power plant can be 

replaced by solar thermal power plant and biogas 

plant to reduce pollution. 
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