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Over the course of the last few decades, there has been a steady rise in the number 

of people purchasing electric vehicles. Because of this, there was a desire for 

improved charging facilities for electric vehicles that were also efficient with 

energy. Even though electric vehicles (EVs) are often seen as a potential 

alternative approach to reducing CO2 emissions, the electricity that is necessary 

to charge EVs can only be produced by burning fossil fuels. Endeavors are being 

made to develop a solar-powered charging foundation for electric vehicles, fully 

intent on working on both their suitability and their effectiveness. In this record, 

there is conversation of a solar-powered charging station for electric vehicles that 

can oblige both G2V and V2G charging setups. MATLAB/Simulink was used 

throughout the construction and design of the suggested model. The simulation 

is run using a variety of different input circumstances, and the results are 

analyzed. 

Keywords:  Electric Vehicles, Smart Technology, Solar, MATLAB, solar-

powered EV charging, vehicle-to-grid-enabled. 

  

 

1. Introduction 

The oil peak, climate change, and energy independence are only a few of the world's major 

dynamic problems that are directly related to the transport and energy sectors. More than 60% 

of the world's essential energy request is counterbalanced by transportation and electricity age; 
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electricity age is a major interest for coal universally and a large portion of the world's oil 

utilization is for transportation. Different vehicle advances, like electric vehicles (EVs), are 

being utilized to reduce worldwide reliance on oil and cut transportation-related CO2 outflows. 

Redevelopment and sending of petroleum derivative based energy likewise happened in 

neighborhoods, bringing about a lessening in emanations of ozone depleting substances as 

well as different contaminations including nitrous oxide (NOx) and sulfur dioxide (SO2). 

There are presently made and utilized environmentally friendly power sources. Electricity and 

transport mix, alongside electricity and RE, will incredibly lessen the world's dependence on 

petroleum derivatives (FF) and, accordingly, the outflow of ozone harming substances. The 

quantity of obstructions restricts the far reaching joining of sustainable power into the 

electricity framework. Solar and PV energy sources, for instance, have fluctuating levels of 

accessibility that are irrelevant to shifts popular. Sustainable sources like breeze and solar must 

be utilized when the breeze is blowing or the sun is sparkling, however petroleum gas turbines 

can be advanced rapidly to monitor varieties sought after. Storage, delivery loads (or 

responding to demand), and alternative capacity-generating are just a few of the tools that have 

been created to manage supply changes over a range of timescales. Electric vehicles with a 

link to the electric grid can support these tactics. Therefore, a key component of integrating 

renewable energy into current energy systems is the widespread use of electrical systems. 

1.1. Electric vehicles & energy sources  

All cars that draw their power from batteries will be considered electric vehicles (EVs). The 

typical internal combustion engine vehicle (ICEV) produces mechanical energy to drive ahead 

using either petrol or diesel fuel. Various EV advances are as of now being used or in the 

beginning phases of development, as nitty gritty in Jorgensen. A little electric battery is 

incorporated into a cross breed electric vehicle (HEV) to control the gearbox framework and 

improve burning motor execution. HEV batteries can be powered by a motor or by dynamic 

energy recuperated during regenerative slowing down. Since this vehicle is generally powered 

by fluid fills, HEVs are eco-friendly. Comparative in idea to a HEV module half breed EV 

(PHEV), however with a greater battery or grid association. The grid association works with 

the force of the batteries' charging, and bigger batteries empower longer all-electric reaches. 

A sizable battery will be utilized to store the electricity from the grid, which will then be used 

to power the electric vehicle (BEV). The performance of ICEVs using conventional gasoline 

is 15–18%, whereas the performance of BEVs is 60–70%. Compared to ICEVs, EVs consume 

substantially more resources. Another sort of electronic vehicle are fuel cell vehicles (FCVs), 

which produce power in a fuel cell stack using an electric method. FCVs can either be equipped 

with hybrid batteries like those seen in HEV or PHEV with an onboard fuel source like diesel 

or hydrogen, or they can be completely reliant on the pump. If hydrogen is produced by 

electrical electrolysis of water by RE or biomass sources, then the renewable sources are used 

for FCVs. Future hydrogen economic visions also involve the transportation of FCVs. The 

vast majority of hydrogen produced worldwide is created from fossil fuels, and there are still 

certain challenges to developing a hydrogen economy.  Moreover, even however hydrogen 

created through electrolysis addresses a sizable future use of environmentally friendly power, 

the change to a hydrogen economy is a complicated topic that is past the extent of this 

exposition. If manageable biofuels can supplant ordinary transportation fills like ethanol and 

biodiesel, HEVs can likewise be delivered from RE sources. Both PHEVs and BEVs might 
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use all of the sustainable power from the grid, empowering PHEVs to utilize biofuels in their 

gas-powered motors. Vehicle advances are estimated for this work on the off chance that they 

can store energy from the grid: PHEVs or BEVs (alluded to as EVs in this paper). 

1.2. Charging & grid connections  

The power grid offers a variety of charging options that can be used to charge the batteries of 

electric vehicles. A basic charge plan, also known as an unconstrained charge plan, is a device 

that allows a vehicle to begin charging as soon as it is connected to the grid, without any 

restrictions.  

The battery charge is balanced out by, for example, staggering the charging schedule by three 

hours at different times. The nighttime charging strategy involves pausing the charging process 

during the middle of the night, when the cost of electricity is lower, so that the batteries start 

the morning completely charged. Utility or device operators intelligently regulate the process 

by which vehicles receive intelligent charging. The charging might be done directly, or it could 

be done indirectly. According to Dallinger and Wietschel, indirect charging is preferable to 

direct charging in most circumstances.  

When using smart charging, the vehicle will begin charging at the point in time when it will 

be of the greatest benefit. And this could happen after the price of electricity is low, after 

demand is low, and when there is excess capacity in the system. The rate might shift relying 

upon such qualities as those picked by the driver; the main requirement is that the vehicle 

should be completely energized before breakfast. 

An electric vehicle (EV) with the capacity to either store electricity or return it to the electric 

grid is alluded to as a V2G skilled EV. The Power V2G idea was at first presented by either 

Kempton or Letendre, and it is a fascinating one. The creators recommended that V2G might 

be used to produce a return for its proprietors under specific circumstances, for example, when 

electricity is utilized to offer important types of assistance to the grid. A power supply that is 

capable of V2G will be able to store the renewable energy that is produced during times of 

low demand and then send it back into the grid when it is required. 

 

2. Literature Review 

Singh, et al (2022). AL The widespread use of alternative power sources and e-mobility causes 

power imbalances and overload in the current power system, creating significant operational 

and management issues. Smart grids are still in their infancy when it comes to resolving those 

problems, despite significant initiatives by electric companies, regulators, and scientists. The 

goal is to improve a fundamental design that can keep the grid stable while maintaining the 

necessary level of service, as well as to advance the development of a general strategy for 

tracking the characteristics of such stations with regard to traffic characteristics, grid storage 

size, cost structure, and primary financing. The main optimization techniques utilized in a 

variable pricing context to achieve objectives like reducing peak demand, distributing network 

overload, reducing energy losses and electric costs, and so on are reviewed in this paper. 

ET.AL. Huang (2022) Electric vehicles (EVs) have become more popular over the past ten 

years, and this trend is projected to continue. If not properly controlled, the massive EV 
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charging loads will put a significant strain on the grid infrastructures at the aggregate level. 

Then again, EV armada smart charging control innovations have been made and used to lessen 

power worries of the grid while staying away from exorbitant overhauls of force grid 

framework. They are considered an asset productive and financially savvy request reaction 

asset. There has not yet been an intensive examination of what different coordination systems 

mean for the effectiveness of the EV armada's interest reaction during charging. Consequently, 

it is yet obscure which one could perform better in the networks of solar-powered structures 

that are turning out to be more prevalent, particularly considering the developing significance 

of interest reaction. This work directed efficient near examinations of three ordinary control 

techniques drawn from the non-facilitated, bottom-up composed, and top-down facilitated 

control classes with an end goal to close such information holes. In view of a genuine structure 

local area in Sweden, their power guideline exhibitions have been looked at according to two 

viewpoints: limiting pinnacle power trades with the grid and expanding PV self-usage. Their 

registering abilities have additionally been investigated. The review's discoveries show that 

the top-down facilitated control beats the other two control techniques in the exhibition 

measurements for request reaction since it can timetable and direction every one of the EVs 

on the double. Know that its better presentation requires a more noteworthy registering trouble, 

which could cause union issues by and by. The review's discoveries will add to a superior 

comprehension of what coordination means for the presentation of EV smart charging 

controls. It will open the entryway for the making of further developed control systems for EV 

smart charging in additional difficult circumstances. 

As per Acharige et al. (2023), because of their quick development, electric vehicles (EVs) are 

supposed to contribute altogether to the energy progress in worldwide transportation. The 

preparation, activity, dependability, norms, and security of the power grid will confront 

various issues because of the great level EVs' joining into the electrical framework. 

Consequently, to achieve expected to charge answers for EV batteries as well as to work on 

subordinate administrations, innovative work of charging frameworks and EV supply gear 

(EVSE) is required. To further develop wanted charging productivity and grid support and 

facilitate EV reception with further developed control methodologies, it is urgent to examine 

the territory of EV charging technology. This study gives a careful investigation of EV 

charging innovations, worldwide norms, EV charging station engineering, and EV charging 

framework power converter blends. To achieve ideal activity and further develop grid support, 

the charging frameworks need a particular converter engineering, a control procedure, 

similarity with guidelines, and grid codes for charging and discharging. An outline of several 

charging strategies is evaluated, including models for AC and DC-based charging stations and 

arrangements for installed and offboard chargers, AC-DC and DC converters. To comprehend 

the power wellspring of contemporary charging stations, late charging frameworks that are 

incorporated with sustainable power sources are additionally shown. The future heading of the 

exploration is at last summed up as far as EV charging and grid incorporation issues and 

patterns. 

As per Acharige et al. (2022), because of their speedy development, electric vehicles (EVs) 

are supposed to contribute altogether to the worldwide transportation sector's energy progress. 

By diminishing dependence on petroleum derivatives and ozone depleting substance (GHG) 

emanations, EVs will be crucial for the development of a supportable transportation 
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framework. However, in light of the fact that to the ascent in load interest, impacts on power 

quality, and power misfortunes, a serious level of EV joining into the dissemination grid has 

made several issues for the activity of the influence grid, security, and organization arranging. 

Progressed charging advancements are expected to further develop utility grid support and 

charging productivity for a growing armada of electric vehicles. Ongoing exploration studies 

targeting supporting EV reception while offering subordinate administrations are offering 

creative EV charging arrangements a great deal of consideration. Examination of the present 

status of EV charging innovations is in this manner pivotal to speeding up EV reception with 

state of the art control strategies to find a solution for troublesome grid influences, further 

develop wanted charging effectiveness, and backing the grid. The ongoing arrangement of EV 

charging frameworks, worldwide principles, charging setups, EV battery advancements, 

engineering of EV charging stations, and arising mechanical issues are entirely reviewed in 

this article. To achieve ideal activity and further develop grid support, the charging 

frameworks need a particular converter engineering, a control technique, and worldwide 

principles for charging and grid associations. A correlation of different charging techniques is 

made as far as installed and offboard chargers, AC-DC and DC converter topologies, and the 

designs of AC and DC-based charging stations. 

 

3. Methodology 

This study portrays a solar-powered EV charging station with G2V and V2G charging setup. 

Notwithstanding a PV string, an Energy Storage Unit (ESU), an Interleaved Buck Converter, 

an Interleaved Lift Converter, and a Bidirectional Buck-Lift Converter, it likewise 

incorporates a Most extreme Power Point Following (MPPT) regulator. A 48V DC microgrid 

is interacted with these parts. A DC load is likewise given by the framework. Both Grid to 

Vehicle and Vehicle to Grid modes are upheld by the proposed framework. At the point when 

power can stream in the two headings, for example, when the solar PV framework's result is 

low, an EV battery can charge a storage battery. 

3.1. Operational Modes  

A PV string, a MPPT regulator, interleaved buck converters, interleaved support converters, 

bidirectional buck help converters, and a battery make up the charging station. The charging 

mode is chosen by the electric vehicle's condition of charge (SOC) and the battery storage 

(ESU). There are ten charging setups. 

Mode 1: SPV framework providing to DC load 

Mode 2: SPV framework to Battery charging mode 

Mode 3: Battery providing to DC load 

Mode 4: SPV framework to EV charging mode 

Mode 5: Battery to EV charging mode 

Mode 6: SPV framework and Battery to EV charging mode 

Mode 7: SPV framework providing to DC burden and EV charging mode 
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Mode 8: EV providing to DC load Mode 9. SPV framework and EV providing to DC load 

Mode 9: SPV framework and Battery providing to DC load. 

3.2. Design of Proposed System  

Here is the detail of different parts used in this concentrate as well as the plan of the converters 

utilized in it. 

 

4. Data Analysis 

• Solar PV System  

To produce 1000Wp of result power, a 250 W solar PV module is required, and 4 boards are 

associated in series. Table 1 records the PV string's boundaries. 

Table 1: SPV system specifications 

Parameter SPECIFICATION 

Open circuit voltage 125.7 

Maximum Power 1000W 

Short Circuit Current 7.72A 

Maximum Power Voltage 6.35A 

Maximum Power Current 7.62A 

4.1. Design of Two-phase Interleaved Buck Converter  

Through an interleaved buck converter, the solar PV string is associated with the microgrid. 

Interleaving, a technique for resembling converters, is suitable for low-voltage/high-current 

applications. As well as bringing down I2R misfortunes, interleaving likewise brings down 

yield voltage and info current waves. The buck converter diminishes the string's 122.8V to the 

grid's essential 48V. Buck converters can deal with up to 1000W. A variable step size MPPT 

regulator is used to follow the greatest power yield from the SPV framework. The 

accompanying portrays the interleaved buck converter plan: 

The converter's feedback voltage is 122.8V. 48V is the grid side voltage. Using (1), the 

obligation proportion (D) of the buck not entirely set in stone. Inductor and capacitor plan 

formulae are given in (2) and (3), separately. 

Table 2: Specifications for Interleaved Buck Converters 

Parameter SPECIFICATION 

Vs 125.7V 

V0 47V 

Output Power 1000W 

fs 20KhZ 

D 0.38 

L1=L2 3.861 
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C 5.072 

Vc 1% 

IL 6% 

4.2. Design of Two-phase Interleaved Boost Converter 

In this review, an EV is characterized as a 72V battery. To move forward the grid power from 

48V to 72V and charge the EV battery, a 2-stage interleaved help converter is used. The 

converter is controlled in shut circle utilizing a PI regulator. 

Table 3: Specifications for Interleaved Boost Converters 

Parameter SPECIFICATION 

Vs 49V 

V0 73V 

Output Power 500W 

fs 20KHz 

D 0.37 

L1=L2 739 

C 328 

Vc 1% 

IL 6% 

4.3. Buck Boost Converter that operates both ways 

A bidirectional converter enables two-way power flow. In other words, the converter can work 

in boost or buck modes, depending on the flow of power. The bidirectional converter enables 

V2G charging when the PV system is unable to supply enough energy. As a result, the EV 

battery serves as a backup power source. Constant duty ratio is used to operate the bidirectional 

converter. These are the design equations: 

Table 4: Specs for a Bidirectional Converter 

Parameter SPECIFICATION 

VL 49V 

VH 73V 

Output Power 500W 

fs 20KHz 

DBOOST 0.34 

DBLOCK 0.63 

LM 32.878 

CL 263.89 

CH 152.7 

VH= VL 1% 
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5. Conclusion 

This paper presents and discusses a solar-powered charging station for EVs that has a G2V 

and V2G charging arrangement. The whole framework has been displayed and made utilizing 

MATLAB/Simulink. The reproduction is run for different info conditions to survey the 

exhibition of the developed model. The collected results are noted and explained. To maintain 

the components' power sharing, the EMS system efficiently controls the functioning of the 

converters and ESU. 
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