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The adoption of Electric vehicles is continuously rising due to the spike in oil prices and 

environmental pollution. The Major impediments to the adoption of an electric vehicle are 

charging time, range, and charging infrastructure. DC Fast charging station provides quick 

charging to electric vehicles and becomes one of the attractive solutions for overcoming the 

impediment to adopting electric vehicles. In this paper, PV interconnected DC fast charging 

stations with specific attention to the standards of charging, charging components, operating 

modes, Energy management system, and Battery management system are discussed. 

Keywords: Photovoltaic (PV) Charging, AC Grid, Energy Management System (EMS), Electric 
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1. Introduction 

Electric vehicles do not emit greenhouse gases, ultimately, they can contribute clean 

environment [1-3]. Electric vehicles have an advantage over conventional internal 

combustion engine vehicles for their superior performance, reduced fossil fuel 

consumption, and enhanced battery technology [4]. The Major impediments to the adoption 

of electric vehicles are due to more expensive, range concerns, and more charging time.  

Charging time can be significantly reduced using the DC fast charging stations. The DC 

Fast charging stations posed a large and unpredictable load to the grid. Recently, the growth 

of renewable energy leads to becoming a source of secondary charging for electric vehicles. 

Among all RES, solar is a more popular Renewable energy resource for day-time charging. 

With the continuous declined cost of solar modules, PV becomes one of the attractive 

solutions for the charging source of electric vehicles. The PV systems are almost 

maintenance-free and easy to set up. In [4], the authors incorporate the various architectures 

of PV-grid systems that are suitable for AC and DC buses. Nagizadeh and Y. Du [5, 6] 

presented an analysis of suitable topologies for the connected PV charger. It is to discuss 

the major attention on bidirectional dc to ac and DC to DC converters along with MPPT 

algorithms. The review of literature addresses various issues related to the grid 

interconnection of PV systems for EV charging. In this paper, the PV charging station is 

classified into two types based on architecture They are i) PV charging systems in the grid 

and ii) Standalone PV charging systems: This document focuses on the standards of 

charging, charging components, operating modes, Energy management system, and Battery 

management system. 
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2.  TYPES OF EV CHARGING INFRASTRUCTURE. 

 

An electric vehicle charging infrastructure (EVCI) is a platform that powers electric 

vehicle batteries for charging, using intelligent communication and protection techniques to 

ensure safe current flow. Electric vehicle charging infrastructure is also known as 

EV supply equipment (EVSE) and EV charging point (EVRP). The infrastructure of EV 

charging is broadly classified based on its ownership and use. They are classified into 

private, semi-public, and public.[7] 

2.1 Private charging: This type of charging is dedicated to a personal EV or EV fleet 

owned by one entity. They are located   in independent homes, and dedicated parking spots 

in offices. It is owned by individual owners of EVs, fleet owners, or operators. 

2.2  Semi-public charging: This type of charging is shared for the restricted users of 

EVs. These charging points are at apartment complexes, health canters, shopping 

complexes, varsities, and municipal canter buildings. Host properties, original apparatus 

makers, and charging point operators are the owners of the Semi-public charging point. 

2.3 Public charging: This type of charging is open to all EV users. They are available at 

public parking lots, street parking, charging plazas, petrol pumps, and high ways and metro 

stations. They are owned by municipal authorities, PSU, and charging point operators  

 

3.  CHARGING STANDARDS 

 The large adoption of electric vehicles depends upon the safe, reliable, and accessible 

EV charging infrastructure. The charging infrastructure is chosen between optimization of 

charging infrastructure and the time of charging. These are mainly two types of EV 

charging 1) AC type and 2) DC type. In the case of AC charging AC is supplied to onboard 

electric chargers that are converted into DC and supplied to EV batteries. Again, AC 

charging is classified into two types i) Stage 1 AC Charging and ii) Stage 2 AC Charging. 

 In the charging of level 1, the supply voltage is 120V AC with a power rating ranging 

from1.3 kW to 2.4 kW and level 2 charging has a supply voltage of 240V with a power 

rating ranging from 3kW to 19 kW. In the case of DC charging, AC is converted into DC at 

a charging point that is directly supplied to the EV battery. It is also known as level 3 

charging. It possessed a supply voltage of 480 V with a power rating ranging from 50 kW 

to 350 kW. The charging time of an electric vehicle depends upon the following factors i) 

Battery ii) Nominal power of the charger iii) No. of electric vehicles that are connected to 

the charger at a given moment. EV charging standards are different for different parts of the 

world. But there are three generally accepted standards for electric vehicle supply 

equipment which include chargers charging standards are classified as follows 

 

Table 1: Charging standards 

Type Voltage rating Current rating Power Time 

Level-I 120V 12-16 amps 1.3kW to 2.4 kW 6-10 Hrs 

Level-II 204-240V 30-50 amps 3kW to 19kW 1-3 Hrs 

Level-III 480V 100 amps 50 Kw to 350 kW 30 Mins 
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Different types of connectors of the EV chargers are shown in the figure among those 

DC fast chargers are high-powered chargers available in the market. The DC fast chargers 

can produce a full charge of slightly more than 30 minutes. The DC fast chargers have 

multiple standards for connections. The DC fast chargers have three types of connections, 

CHAdeMO, CCS, and Tesla. 

 

Fig 1. Types of EV charging connectors 

3. PRINCIPLE OF DC FAST CHARGING 

 DC fast charging, as the name suggests, supplies direct current directly to the electric 

vehicle battery. AC-DC conversion takes place at the charging station before the electrons 

enter the vehicle. Therefore, DC fast charging can provide much faster charging than 

level 1 or level 2 charging. DC fast charging bypasses all the limitations of the onboard 

charger and conversion required. This greatly increases the charging speed. Charging     

time will vary depending on factors such as battery size and dispenser 

output, but most vehicles can be charged to 80% in about an hour using most DC 

fast chargers available today. 

  DC fast charging is essential for high mileage, long trips and large 

fleets. Fast turnaround time allows drivers to recharge during the day or during short 

breaks, without having to stay plugged in overnight or for hours to get a full charge. 

 

4. GRID INTEGRATED RENEWABLE ENERGY-BASED CHARGING SYSTEM. 

 The rapid increase of electric vehicles, there will cause huge electricity demand. 

Ultimately grid will be burdened. To mitigate this problem, renewable energy sources such 

as solar photovoltaic, wind, and biomass are being considered for this purpose. Wind 

energy systems are usually located in suitable locations where the wind is available. For an 

urban area, wind energy is not properly available therefore they are unattractive for use in 

EV charging. Biomass can be conveniently used as a source of EV charging. But it can 

pollute the environment. 

 To integrate with the existing grid, the solar PV system provides flexibility. There are 

abundant advantages of having the charging stations PV-powered. During day time, load 

demand is high, and due to that cost of electricity tariff is high. The substantial savings in 
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cost will be achieved when charging is done through solar PV. Due to the above benefits, 

the solar PV system is more beneficial than any other renewable source of energy 

 

5. SOLAR PV DC FAST CHARGING STATIONS 

 

 The charging system based on solar EVs is divided into two types. i)Grid-connected 

solar PV charging systems ii) Stand-alone solar PV charging systems [8] 

 

5.1 Grid-connected solar PV charging systems 

 In this type of charging station, solar PV energy is used for self-consumption where the 

grid is used as a backup. The Major components present in this PV system are array, 

battery, and grid. In this PV system, it is used to charge the EV battery. If there is excess 

PV power, it will be used to charge the battery and also feed the grid. The price of a grid-

connected system is less than a standalone solar PV charging system. 

 

 
Fig (2) Grid-connected PV charging system. 

 

5.2 Standalone solar PV charging system 

In this type of charging station, the solar energy station is not connected to the utility 

grid. The energy generated by the solar PV array is stored in a battery system, which is also 

known as an EV stand-alone charger Battery storage system provides the power needs for 

charging 
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                                                       Fig 3. Standalone PV Charging station. 

 

 

6. COMPONENTS OF SOLAR EV CHARGING STATION 

 

The schematic diagram of a solar charging station for electric vehicles is shown in the 

below 

 
 

Fig (4) Components of PV charging station 

 

6.1 PV Array: 

A PV array is a linked collection of photovoltaic solar modules. Each photovoltaic 

module is composed of multiple interconnected. These cells convert light energy into 

electrical energy. 

 

6.2 DC-DC Converters with the MPPT: 

 Using the traditional buck, boost, buck-boost specified as DC-DC converters used 

together with an MPPT controller in both stand-alone and grid-connected PV charging 

stations MPPT controller obtains maximum power from the PV array by adjusting the duty 

cycle of the DC-DC converter. There are several MPPT techniques available such as 

perturb and observe technique, hill climbing technique, and incremental conductance 

technique which are used with constant or variable steps. Evolutionary methods such as 
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particle swarm optimization technique, fuzzy logic controller technique, and ANN 

techniques are used for manipulation of the partial shading and conditions of mismatch 

module. The comparison of various dc to dc converters is as given below 

 

           Table 2: Comparison of dc-to-dc converters 

Feature 
Buck 

converter 

Boost 

converter 

Buck-Boost 

converter 

Cuk 

converter 

Input current Pulsed Continuous Pulsed continuous 

Output current continuous Pulsed Pulsed continuous 

Output voltage 

magnitude 

compared with 

input voltage 

Lesser Higher 
Lesser or 

Higher 

Lesser or 

Higher 

Output voltage Same Same Reverse Reverse 

 

 

  

6.3 Bidirectional converters: 

These types of inverters are used in grid-connected EV battery charging systems, which 

are shown in above Fig. (5). It is worked in both inversion and rectification mode. In 

rectifier mode, power is supplied from the mains to the DC bus. In inverse mode, power is 

supplied from the DC bus to the mains. Different topologies are implemented in the 

literature such as half-bridge inverter, full-bridge inverter, etc. [9] 

 

6.4 Energy storage system: 

One of the energy storage options for micro-grid is Battery Energy Storage System 

(BESS). Lithium-ion, Magnesium ions are some of the varieties of batteries used to store 

energy. The energy storage system takes energy and is stored for later use. The energy 

storage system provides solutions for various operational problems such as power quality, 

dynamic stability, reliability, and controllability, especially in the presence of intermittent 

renewable energy storage systems, mitigates load uncertainties, and improves microgrid 

stability.[10] 

  

                               Table 3: Comparison of storage devices 

Type  Power rating Discharge time 
Deployme

nt time 
Efficiency 

Pumped 

Hydro 
100-4000 MW 1hr-24hr 30 years 70-85% 

Flywheel <750kW 
milli second to 40 

min 
20 years 90-95% 

Compressed 

air 
50-300 MW 1hour-24hours 30 years 70%-80% 

Battery <50MW Second-hours 5-10 years 80% -90% 

Hydrogen <250kW 1hr-24hr 
10-20 

years 
20-50% 

Supercapaci

tor 
<100kW 

milli second to 

min 

10000 

cycles 
90-95% 

SMES 10kW-10MW 
milli second to 

second 
30 years 80-90% 

 
6.5 Batteries in Electric Vehicles: 
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There is extensive research into the development of batteries for electric cars. Before, 
lead-acid batteries were exclusively used, but lead acid batteries have a problem of low 
specific energy and short cycle life later lead acid batteries are substituted by nickel batteries 
which have reliability and high density, but nickel batteries have self-discharge and heat 
generation problems at high temperature. Lithium-ion batteries are chosen in electric 
vehicles as their high-power density; high weight and size, therefore, the problems of low 
definite energy, poor temperature features, and chemical leakage are overcome with these 
batteries. The comparison of various batteries based on different specifications is as shown 
below: 

 

Table 4: Comparison of batteries 

Features 
Lead 

acid 
NiMH 

Li-ion 

(cobalt) 

Li-ion 

(Manganese) 

Li-ion 

(Phosphate) 

Specific 

Energy(wh/kg) 
30-50 60-120 150-250 100-150 90-120 

Internal 

resistance (Ω) 

Very 

low 
Low Moderate Low Very low 

Cycle life 200-300 300-500 500-1000 500-1000 1000-2000 

Charge 

time(hours(h)) 
8-16 h 2-4h 2-4h 1-2h 1-2h 

Self-discharge 

(Nominal) 
5% 30% <5% <5% <5% 

Cell voltage 2V 1.2V 3.6V 3.7V 3.2V-3.3V 

Cost Low Moderate High High High 

 

7. CHARGING MODES OF PV GRID SYSTEM 

When the EV is plugged in, its soc is less than 100% and the central controller controls 
the charging process based on the EV battery status, PV power availability, and grid 
electricity price. In a general charger, it works in one of these five modes. [11] 

 

7.1 Mode-1: Charging with PV only 

In this operating mode, the battery is charged from a DC-DC converter using the MPPT 
technique and a DC charger. In this operating mode, the network is not connected. The DC 
charger regulates the voltage suitable for the profile of the EV battery charging 

 

Fig. (5) charging by PV only. 
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7.2 Mode-2 (charging with grid only) 

If the PV is unable to supply power, the EV battery is charged from the grid. The 
bidirectional converter works in rectification mode. The DC charger regulates the voltage 
suitable for the EV battery charging process 

 

 

Fig (6) charging by grid only 

7.3 Mode-3 (Charging with PV and grid) 

In case the PV may only be able to supply a certain amount of energy, the grid can be 
used to supply an insufficient amount of energy. The amount of energy that has been 
supplied by the grid depends on how much energy the PV system has supplied. PV 
performance is continuously monitored by a central controller and adjusts grid performance 
accordingly for dynamic irradiance levels. 

 

 

Fig. (7) Charging by PV and grid. 

 
7.4 Mode-4 (No EV Charging) 

When the EV is not available, power is generated from PV directly supplied to the grid. 
This can be achieved through the two-stage conversion process. i.e., DC-DC converter with 
the MPPT technique and bidirectional converter that works in inversion mode 
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                              Fig (8) Without EV charging 

 
7.5 Mode-5 (Vehicle to Grid) 

In this method of operation, the power is transferred from the vehicle to the grid. In 
particular hours of the day, peak demand is high, so tariffs will be more. At that time, if the 
EV transfers power to the grid, it will be more benefit able to the owners of the EV. 
However, transferring power from the EV battery to the grid reduces the lifetime of the 
battery 

 

 

 

 

Fig. (9) Vehicle to the grid. 

 

8. ENERGY MANAGEMENT SYSTEM (EMS) 

The most critical issue with a solar PV system is due to its intermittent nature throughout 
the day. One of the solutions to this problem is to integrate with the battery [12]. An Energy 
management system exchanges energy between different devices using a control strategy. 
EMS design is difficult as its the sporadic nature of renewable sources of energy. Recent 
studies have been conducted on EV fast charging stations with battery storage systems with 
PV generators. The goal of energy management is to monitor and optimize the consumption 
of energy and reduce emissions of greenhouse gas. The energy management system 
contributes to fleet electrification success and helps to minimize the costs of EV charging. 
The following are the objectives of the Energy management system.  

8.1. Management of peak load and demand charges. 
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    The cost of power increases with demand, it also    depends upon location, seasonal, 
time of day, and event- based. An energy management system increases the ability to control 
the consumption of power and it also minimizes the impact of demand charges and results in 
cost savings 

 

8.2 Supports long-term sustainability goals. 

The energy management system analyses the current power consumption and sets 
meaningful goals. It reduces carbon emissions by utilizing renewable sources of energy. 
These systems are positioned to manage emissions associated with widespread 
electrification. 

8.3 Integration of solar with an energy storage system. 

The methods of energy management systems rely less on a grid and depend more on 
locally generated renewable resources of energy. It is impractical to depend totally on solar 
PV generation because of its intermittency. so the storage system is also integrated along 
with the solar PV system. Usage of energy management system exchanges energy among 
sources. Based on the algorithm, it can optimize the overall cost of charging. 

8.4 Realization of energy trends and forecasting consumption of energy.  

Energy management can create high accuracy in data to make more accurate forecasting 
that leads to more competitive rates. It allows energy managers to shut down non-essential 
processes, and run certain operations during non-peak hours of the day. 

8.5 Promote no resilient and avoid operational disruptions. 

Energy management helps to reduce energy consumption and supports the overall 
performance of the grid. It helps to draw less power during high demand so that grid 
maintains the adequate capacity to avoid block outs and service interruptions. Energy 
management systems that incorporate a battery storage system can keep EV charging 
running under power outages 

 

9. BATTERY MANAGEMENT SYSTEM (BMS) 

The performance of any electric vehicle depends on several factors such as cell voltage, 
battery life, and health. The battery management system's role in all-electric vehicles is to 
ensure full monitoring of the battery tasks [13]. The real-time information is obtained with 
the help of batteries to improve the life of the battery and safe operation. The continuous 
improvement of Li-ion batteries leads to a high density of power, self-discharge is lowered 
and the cost is also reduced. Battery management is a special electronic circuit that ensures 
the safety and stability of these battery packs. A battery pack is comprised of multiple 
module cells and each module is a set of cells. The battery management system monitors up 
to cell level to ensure the safe operation of the battery pack. Battery management is shown in 
following figure (10) 
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Fig. (10) Battery management system 

 

A battery management system has been classified based on the circuit design, its 
topology, and the voltage range. [14] 

 

 

9.1 Based on design. 

Based on the design, it can be further classified into two types 

 

9.1.1 Protection circuit model: 

A protection circuit model is an electronic circuit that protects each cell in a lithium-ion 
battery from extremes in voltage, current, and temperature. It maintains the operation of each 
cell in a safe and enhances the life of the battery. 

 

9.1.2 Battery management system. 

It is an intelligent electronic protection circuit, It carries extra modules like manage 
circuitry, control, and display modules. 

9.2. Based on topology. 

It can be classified into two types  
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 9.2.1 Centralized BMS  

A single board contains central control and intelligent circuitry for all operations and 
internal communications. Centralized controller monitors and maintains cell voltage and 
temperature. 

9.2.2 Decentralized BMS. 

Cell monitoring and smart circuit boards are components of various assemblies of 
decentralized BMS. This topology is highly reliable when compared to centralized BMS. 

9.3. Based on voltage. 

It can be classified into two categories 

9.3.1 Low voltage (LV) BMS. 

Includes low voltage class 1 below 60V. It covers all-electric vehicles including two and 
three-wheelers. 

9.3.2 High voltage (HV) BMS. 

The HV battery management system consists of a high voltage class 2 equivalent to 
900V DC and a high voltage class 3 equivalent to 1500V or less. Its application includes 
automotive and energy storage systems 

 

10. BATTERY MANAGEMENT SYSTEM FUNCTIONS 

The battery management system performs the following functions to ensure safe and reliable 
battery operation. They are shown in fig (10) 

 

                                       Fig. (11) BMS Functions. 

 

10.1 Monitoring function:  

 The battery management system uses sensors to monitor the voltage, current, and 
temperature of each cell. These readings are used to assess the state of charge (SOC), health 
status (SOH), energy calculations, and current thresholds. The continuous monitoring of 
these parameters helps to maintain the safety of the battery pack and improve the span of 
life. 

10.2 Functioning in protection: 

 The battery management system guarantees the safety of the battery pack against 
external environmental influences such as overheating and heat management of the battery 
pack. These conditions can cause the battery to fail. To avoid these situations, BMS makes 
sure that is in operating in a safe zone. 
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10.3. Balancing Cell: 

 Balancing cells are one of the most important activities performed within a battery pack 
to extend battery life by reducing the number of charges and discharge cycles this is a kind 
of optimization in which BMS balances the charge and discharge of each cell in the module. 
Fluctuations during charging and discharging of each cell result in a significant energy 
imbalance between cells, but discharging limits the capacity of the battery pack during 
charging. Cell balancing is divided into two types. 

10.3.1 Passive balancing: 

 Passive balancing is a common technique for stabilizing energy between cells in a 

module. Excess energy is separated by providing a single drain for the cell. Additional 

coolant is needed to remove excess energy, which is dissipated as energy. 

10.3.2 Active balancing: 

 Active balancing is a complex and efficient process for balancing the energy of cells. 

Energy redistribution takes place between cells by dissipating excess energy with the help of 

devices of power by removing from the strong to the weak cells. 

 

10.4. Communication: 

 The entire major functions of the Battery Management System (BMS) are; monitoring, 

protection, and cell balancing which communicated with each other. Therefore, different 

communication protocols are used due to that reason. 

 

11.Conclusion  

 The current research paper covers the different aspects of PV DC fast charging stations 

for electric vehicles. It discusses the various charging standards, types of solar PV charging 

stations, and components of a solar PV charging station. Various modes of operation of 

charging stations have also been discussed. The energy management system monitors and 

optimizes the power transfer among the various components of the charging station. Its 

objectives are also covered in this paper. Classification of the battery management system 

and its various function also discussed in detail. 
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