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Abstract 
 

In the modern world, due to technological advancement, the transportation 

sector has transitioned from conventional fossil fuel-based vehicles to 

electric vehicles (EV). The reduction in available fossil fuels like petrol and 

diesel and the released emissions are the main reasons for this transition. 

While this shift has encouraged EV use, concerns related to EV infrastructure 

raised. To further support the EV progress, there needs development in the 

infrastructure, which needs to have feasibility studies. Hence, this article 

reviews the EV types, infrastructure needs, and modeling tools. We believe 

this review would be useful to the research community in terms of optimal 

EV infrastructure modeling. 

 

Keywords: Electric vehicles, EV optimal modeling, EV types, Charging 

infrastructure, HOMER tool, EV feasibility. 

 

1 Introduction 
 

Energy is an indispensable constituent of our day to day activity and is 

directly correlated to sustainability. The transportation sector is a massive 

consumer of energy; conventionally, petroleum-based energy sources are the 

predominant energy source. Ironically, it contributes to a series of disasters 

such as greenhouse gas emissions, health mutilation, and climatic change [1].  
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According to the WHO, nine out of ten people worldwide breathe air 

containing high pollutant levels. Around 7 million people die every year due 

to related air pollution [2].  

Thus, there has been an immediate impetus to explore an alternate 

vehicle for at least urban transportation as they have reached alarmingly high 

levels of emissions, specifically in some urban areas [3]. The relation 

between the total population and total energy consumption is almost linear 

[4]. Thus, household energy consumption is impacted by a population that 

acts as an impetus for energy requirements. The usage of Electric Vehicles 

(EVs) has economic implications as India has to predominantly depend on 

foreign countries for petroleum products [5]. Overall, it is believed that EVs 

could play a crucial role in developing the transport sector [6]. Their 

applicability can be estimated or analyzed based on the four categories of the 

assessments, as shown in Figure 1. 

 
 

Figure 1 the Possible Sustainable Implications of Electric Vehicle Usage 

 

Due to technological advancement, the transportation sector has 

transitioned from conventional fossil fuel-based vehicles to electric vehicles 

(EV). The reduction in available fossil fuels like petrol and diesel and the 

released emissions are the main reasons for this transition. While this shift 

has encouraged EV use, concerns related to EV infrastructure raised. To 

further support the EV progress, there needs development in the 

infrastructure, which needs to have feasibility studies.  

The key contributions of this review are as follows: 

 An overview of the EV types is provided 

 Infrastructure needs for the EV, especially in the charging, are discussed. 

 Modeling tools for the optimal design of the EV charging systems are 

explored. 
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2 Electric Vehicles and their Classification 
 

Electric vehicles can be broadly classified under two main groups: 

Battery based and Hybrid configuration based [7]. The classification is 

briefly presented in Figure 2.  

 
Figure 2 Schematic Shows the AC/DC Microgrid [7] 

 

2.1 Battery Electric Vehicle  
 

 In general, electric vehicles are powered by electricity. The EVs that 

mainly runs using the electricity drawn from the batteries alone are called 

battery electric vehicles. The most famous example of this is the Tesla series. 

 

2.2 Hybrid Electric Vehicle  
 

 The EVs that run using the electricity and/or with the other fuels, along 

with the batteries, hydrogen cells, or brake energy recovery system, are 

coupled. Such EVs can be called hybrid electric vehicles. 

 

2.3 Industrial Classification of Electric Vehicles  
  

 As per the industrial standards, the EVs are classified into three main 

types: battery electric vehicles, plug-in hybrid electric vehicles, and hybrid 

electric vehicles [8,9]. We have conducted a survey on recent EVs in the 

market and classified the existing models into these three groups, see Figure 

3. 

 
Figure 3 Industrial Classification of the Evs with Examples 
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3 Electric Vehicle Charging Infrastructure 
 

 Electric vehicle charging needs integrated infrastructure facilities. These 

include the charging station's electronics, renewable energy systems, energy 

storage technics on a large scale. The below sections provides brief 

information on the charging facilities.  

 

3.1 Charging Stations  
 

 At present, electric vehicles can be charged under three categories of 

systems. These include the centralized charging station, onboard charging, 

and battery swapping systems. In centralized charging stations, the 

infrastructure is built similarly to the existing gas stations. At the same time, 

the onboard charging is either based on the integrated solar EVs, regenerative 

braking concepts. In battery swapping, the EVs can exchange their batteries 

at the designated centers and continue the journey [10].  

 

3.2 Renewables  
 

 The power source and energy conversion devices are the essential ones 

to facilitate the charging stations. In the modern world, mostly renewables 

like solar, wind, biogas, and fuel cells are preferred to power EV batteries 

[11]. In addition, the smart city missions across the globe have encourages 

the peer to peer to exchange of energy from the nearest centers. Vehicle to 

home concepts also evolved in recent times, where the role of renewables is 

very high. For example, a residential house with rooftop solar can be used to 

charge the EVs battery during the house's low peak energy. Tesla sunroof is 

the most popular industrial example of this. Also, the vertical axis type wind 

systems can also be used for powering the EVs parked in the parking area. In 

a recent study, Kumar et al., 2020, also proposed the solar tree concepts 

surviving the energy provides for the EVs [12]. The detailed modeling of 

solar trees for EVs can be found in the ref. [13,14] 

 

3.3. Energy Storage Technologies  
 

Energy storage plays a key role in electric vehicles. Hence, a brief survey 

has been conducted on various storage technologies. A detailed classification 

can be seen in Figure 4. 

It was found that, in general terms, the energy storage systems are 

categorized as magnetic, mechanical, kinetic, electrical, and chemical 

technologies that are further categorized as Super Capacitors (SC), Magnetic 

superconducting storage (SMES), Battery Storage System (BSS), Hydrogen 

Fuel Cell (HFC), Compressed Air Energy Storage (CAES) and Pumped 

Hydro Energy Storage (PHES) [15, 16].  

 

Appalanaidu Chowdary et al. 

 

10431



 
 

 

 
 

 

 
 

Figure 4 Classification of Energy Storage Technologies [15] 
 

Amomg all the energy storage systems, battery storage, is widely used for 

EVs. 

The charging and discharging conditions of the battery depend upon the 

EVs operation and the driving conditions. Below is the basic mathematical 

modeling of the battery energy storage in the context of EV [17,18]. 

To obtain the BESS capacity, it can be found by using.  

       
    

    
 (1) 

The total energy produced by BESS is calculated by: 

     
         

             
 (2) 

Series (NS) and parallel (NP) designed can be formatted by the following 

equation.  

        
    
    

  (3) 

          
    

          
 

 (4) 

The state of charge (SoC) and the depth of discharge (DoD) can be 

evaluated as:   

    ( )      (   )(   )  [   ( )  
     ( )

    
]    (5) 

While charging: 
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While discharging: 

   ( )  
     ( )

    
            ( )(   )          (7) 

 

4 HOMER Tool for Optimal Modelling of EVs 
 

Modeling of renewable energy integrated EV is possible with the hybrid 

optimization tools. The tools that allow us to optimize and analyze solar PV 

performance can be widely used. Based on the survey we carried out, a list of 

tools, see in Table 1 that allow us to analyze the EV performance technically, 

economically, and environmentally are provided. 

 
                      Table 1 Comparison with Other Simulation Tools [19] 

 

 

 

 

 

 

 

 

 

 

 

Among all the above provided, HOMER Pro® is found to be more 

suitable. It is a global standard simulation tool used to simulate different 

renewables for powering the electric vehicle charging stations. 

This software can simulate thousands of systems for any of the above-

discussed EV charging stations. In addition, the combinations of power 

sources can be chosen depending on the setting of the problem and the 

location weather conditions. In addition, the HOMER Pro provides the 

option of optimizing and controlling based on the constraints [11,17,18].  

These controls include [19]: 

 Predictive control 

 Load following  

 Cycling charging 

 Combined dispatch 

 MATLAB user designed controller API 

In below Table 2, different configurations of the renewable power system 

for EV is shown. The description and possible configuration along with the 

remarks specific to the charging stations are provided. In addition, the 

intermittent nature of renewable and backup options are considered. 

Feature or 

provision 

HOMER SAM PVGIS PV  

Watts 

PV-

Online 

Optimization Yes No No No No 

Sensitivity  Yes Yes No No No 

Performance  Yes Yes Yes Yes Yes 

Environmental  Yes Yes No No No 

Economic  Yes Yes No No No 

Hybrid  Yes No No No No 
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Table 2 Possible Optimal Configuration for Electric Vehicle 

 

Configuration Description Remarks 

PV+BES 

Solar PV is chosen as a single 

power source for generating 

energy which is stored in the 

battery banks. 

-battery offers to swap 

service 

PV+WT+ 

BES 

Considering the limitations with 

one power source, the dual power 

source, wind and solar, is used 

for generating energy stored in 

the battery banks. 

-multi power source 

offers reliable power 

supply 

-battery offers to swap 

service 

PV+WT+ 

DG+BES 

Considering the limitations with 

one power source, the dual power 

source, wind and solar, is used 

for generating energy stored in 

the battery banks. In addition, as 

a backup, diesel generators can 

be used 

-multi power source 

offers reliable power 

supply 

-battery offers to swap 

service 

-intermittency with 

renewables situation 

can be avoided 

WT+BES 

Wind power is chosen as a single 

power source for generating 

energy which is stored in the 

battery banks. 

-battery offers to swap 

service 

WT+DG+ 

BES 

Wind power is chosen as a single 

renewable power source for 

generating energy which is stored 

in the battery banks. But to avoid 

the intermittent renewable nature, 

as a backup power supply diesel 

generator is used. 

-battery offers to swap 

service 

-intermittency with 

renewables situation 

can be avoided 

PV+DG+ 

BES 

Solar plus diesel generator, a 

mixture of renewable and non-

renewable combination is used. 

-battery offers to swap 

service 

-intermittency with 

renewables situation 

can be avoided 

 

In Figure 5, the optimal modelling of EV is shown considering various 

inputs parameters. The main input parameters for modelling EVs are 

charging time, load profile of the electric vehicle, and charging type whether 

it is DC or AC. Once these details, are explored, the modelling can be done 

by  
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considering any of the configuration briefly discussed in Table 2. This 

optimal modelling tools allows the outputs as specified in Figure 5. In 

addition, a sensitivity analysis by varying different parameters and control 

circuit algorithm can also be carried out [19s]. 

 

 
 

Figure 5  Optimal Flow Model Performance Assessment of EV 

     

5 Conclusions 
 

Due to the raised concerns over the emission reduction policies and with 

the technical advances, the EV has become an alternative option for 

transportation. This study provides a brief survey on the electric vehicle 

types and the currently available EVs in the markets. In addition, the 

infrastructural needs and their performance assessment are discussed. In 

addition, the optimal modeling tool is briefly discussed with numerous 

possible configurations. We believe this review would be useful to the 

research community in terms of optimal EV infrastructure modeling. 
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