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I. INTRODUCTION 
 
Although it can be argued that, what happened to 
the intermittent nature of renewable energy sources 
in electricity generation since renewable energy 
sources depend upon the season of the year. This is 
the driving factor that makes the globe look at 
renewable electricity technologies as failing to be an 
everlasting solution to the energy supply and 
security across the globe.  
 
The simplest solution that could be adopted to solve 
the effect of intermittency of renewable energy 
sources in electricity generation in the real-time and 
simulation environments is to look at the generation 
at diurnal level i.e. the hourly level of generation and 
complimenting different renewable energy 
technologies in the form of hybrid (Krishan and 
Suhag, 2019).  
 
Electric vehicles are emerging as an alternate way of 
transportation due to the increased level of pollutant 
gases in the atmosphere as well as changing 
government policies towards the usage of zero-
emission vehicles.  

 
 
 
 
 
 
 
 
 
 
 
The vision of using electric vehicles has been 
increasing over the last few years. Advancement in 
the EV sector [1-5] is the hybridization of the power 
storage space. The hybrid power storage space 
arrangement consists of more than one energy 
storage device be used to power the motor. Around 
the world, different models of the fuel cell, ultra-
capacitor-based, solar, and battery-based vehicles [6] 
have been emerging due to large improvements in 
the efficiencies of these vehicles. 
 
The knowledge used in the designing of these 
electric vehicles [7-9] depends on the different 
parameters such as fuel consumption efficiency, 
battery charging, discharging cycles, and driving 
range of vehicles, and also the effect of greenhouse 
gases on the environment. The success of any of the 
approaches will depend on energy storage unit 
(batteries, ultra-capacitors) capabilities that are 
power, density, life, and cost. 
 
Ultra capacitors (UC) [10-17] utilize several 
electrolytes connecting into different modules to 
meet the required energy, voltage, and current 
ratings. Batteries [18-23] store charge chemically 
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when compared with the ultra-capacitors which 
stores the energy electro statically. The cost of ultra-
capacitors is higher when compared with the cost of 
batteries [24]. The ultra-capacitors [25] store energy 
through the separation of charge at the interface of 
the electrodes. Finally, the ultra-capacitors can 
uphold thousands of charge and discharge cycles 
without any effect and also provide quick transfer of 
energy [26]. 
 
Ultra capacitors can be utilized in various 
applications irrespective of higher energy or lower 
energy requirement. Ultra capacitors can also be 
used as a primary energy storage strategy for energy 
support during acceleration, hill climbing, and also 
for regeneration. The combined usage of ultra-
capacitor with battery provides better performance 
in terms of energy storage capability. This (UC, 
Battery) combination provides peak energy during 
transients of the operation of systems. 
 
These require additional power electronic converters 
[1-2] which lead to adding the total price of the 
system. But the ultra-capacitors employ the nature of 
capturing, storing a larger amount of energy, and 
releasing the energy quickly throughout acceleration. 
So an ultra-capacitor, through the use of the battery, 
is a solution that captures higher energy from the 
regenerative braking and releases it during early 
stage of acceleration. The energy management 
system acts as superior which directs the operation 
of motor and engine during normal operation, 
storing the energy and also utilizing the stored 
energy during peak periods. 
 
Due to hybrid energy storage system existing within 
the vehicle, there can be different types of voltage 
levels. Some of the models of electric vehicle have 
used DC-DC converters [40] for generating single 
voltage level for the entire system and also for the 
motor drive. The generation of single voltage level 
can be obtained with the parallel connection of ultra-
capacitor and battery, but involves a parameter of 
cost and also complexity due to the number of 
switching devices operating at a time.  
 
With the combination of ultra-capacitors & batteries 
in electric vehicle, its performance is improved along 
with battery life extension. To address the issue of 
renewable energy technologies intermittency in 
electricity generation, several research studies are 
conducted globally in evaluating the feasibility, 

viability, and performance of renewable energy 
systems in electricity generation. Hybrid renewable 
energy system such as wind-solar hybrid, are 
considered in the global renewable energy sector as 
among the most promising renewable electricity 
generation sources in the context of sustainability to 
the environment.  
 
This is because, in several case studies, nearly all the 
traditional intermittency issues of the standalone 
renewable electricity generation technologies are 
solved by coupling two or more renewable energy 
sources (Shuvankar et al., 2015). Hybrid renewable 
energy systems have been developed and practically 
proven to generate autonomous, stable and 
sustainable power for both on-grid and off-grid 
applications because it helps in ensuring that the 
energy feed into the grid is more steady than using 
standalone renewable electricity generation sources 
(Edmond et al., 2017, Camille et al., 2016; Urzúa et al., 
2016).  
 
Additionally, recent development in renewable 
hybrid technology shows that strong benefits can be 
achieved especially in rural electrification where 
majority of the population living off-grid is low-
income houses in the villages where renewable 
energy resources are readily available, and cheaper 
to explore in comparison to grid expansion (Camille 
et al., 2016, Diafa et al., 2013).  
 
Most of the studies explored in the literature, it is 
clear that investigation of renewable electricity 
generation potential using substantive evidence 
derived from meteorological datasets, has the 
potential of providing to the authorities and 
individuals, clear and concise information in 
designing policies, for the penetration of renewable 
energy resources in electricity generation. To get an 
insight about the potential of renewable energy 
sources in electricity generation and application to 
electric vehicles, this research provided an elaborated 
literature review across all the sections of the 
research to identify the gaps in the existing literature. 
 

II. RENEWABLE ENERGY 
 
Easter, Biczel and & Klos (2009) Polish energy law, 
which regulates renewable energy such as the use of 
renewable energy, solar energy, hydropower, wave 
energy and waves, energy from rivers, biomass 
energy and energy in the conversion process 
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produced in the process of burial biogas and 
treatment of contaminants and treatment of decay 
or damage to plants and animals.  
 
According to Musgrove (1983), wind energy is an 
independent form of solar energy, because wind is 
due to the presence of the equatorial surface of the 
earth more sun than Polar Regions, which will cause 
large tumors in the atmosphere. The total amount of 
solar energy per year is enormous.  
 
For example, global fossil fuels, namely coal reserves, 
are expected to last 300 years based on current 
consumer trends, plus oil and natural gas reserves 
(based on current consumption trends, Gates, B 
(2012)  taken from the Technical and Economic 
aspects of the energy conservation system for 
energy cooperation). Full energy the interior within 
10 days is equal to the earth's energy from solar 
radiation. 
 
 Wind is defined as a series of wind waves, in which 
there are numerous aerial movements on Earth. Due 
to the irregular heat of the sun on the ground, the 
pressure difference in the wind leads to the wind. 
Rotation due to the power of Coriolis (Getachew, 
2009). The use of wind energy is an ancient 
technology; its history can be traced back to the 
Middle East 1400-1800 years ago. The first 
application of wind energy includes the use of wind 
energy for agriculture, navigation and other 
irrigation.  
 
With the support of historical and archaeological 
evidence, the Chinese people first used water 
pumping with the use of energy around 200 BC. The 
electricity generation using wind energy was dated 
around 1877 after which it noticed further 
development during the mid-20th century because 
of the perceived idea that conventional energy 
sources are going to reach peak value and decline 
(Tzanakis, 2006).  
 
The variation of wind is the among the key 
considerations in the context of wind electricity 
generation at micro, medium and large scale wind 
electricity generation because wind energy, is 
characterized with high natural variability because of 
its direct dependence on weather and climatic 
conditions (Cui et al., 2017; Gado et al., 2015; Pryor et 
al., 2006). This fluctuating nature of wind energy is 
the major challenge of wind resources in electricity 

generation, since variation may not match the 
demand for electricity on a continuous basis. 
Additionally, since availability of the wind energy at a 
site of interest is the determination of how much 
electricity can be generated using wind turbines, 
then knowing variability of wind at a site of interest is 
important.  
 
Wind energy is highly variable geographically and 
temporally, and it persists over a wide-ranging scale 
both in space and in time. Based on this, the 
variability of wind energy is broadly categories into 
geographical and temporal variations. 
 

III. LITERATURE SURVEY 
 
Itie  Goswami et al. (2020) This work presents an 
energy management strategy for multi-power mixed 
(VV) vehicles, of which the fuel cell (FC) is the main 
source of energy, and the batteries and super 
capacitors (SC) are the second most powerful. 
Electric cars draw the energy they need from fuel 
cells, while auxiliary energy is used to compensate 
for power shortages during high-speed or over-
power during braking.  
 
The use of secondary energy efficiency has proven to 
be effective in improving vehicle performance, 
significantly reducing hydrogen consumption, and 
bringing reliability and reliability to the operation of 
the entire system. The proposed strategy regulates 
the distribution of power to various energy sources 
in the best possible way to meet power needs. 
Matlab / Simulink are used as a simulation platform. 
 
  T.Porselvi et al. (2019) introduced the amount of 
power supply, which is highly reliable for electric 
vehicle steering systems. Batteries, solar photovoltaic 
power supplies, and super capacitors play an 
important role in this long-lasting power supply. The 
main power source is the battery, which connects to 
the super capacitor during transient processes such 
as overload and start-up.  
 
To purchase mixed electric vehicles, hybrid energy 
storage systems (HESS) with super capacitors and 
batteries are widely used to improve the charging 
and discharging characteristics of the batteries, 
thereby increasing the power of immediate 
discharge. To reduce energy loss in a hybrid battery 
storage system, a bidirectional DC / DC converter 
should be used with a flexible conversion 
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technology. Initially, the power received from the PV 
sequence was used to charge the super capacitors 
and batteries. When PV cannot provide enough 
power to charge the EV, it can use battery power and 
super capacitors. With the help of MATLAB software, 
you can also compare the performance of existing 
and non-super capacitors systems. 
 
  Zheng Guan et al. (2019) research on hybrid power 
sources that combine batteries and super capacitors 
is a hot spot in the field of electric vehicle research. 
Batteries have a high energy density, and super 
capacitors have high density. To moderately control 
the output power of both and make the electric car 
run more efficiently, it conducted a detailed analysis 
of how hybrid energy systems work and proposed 
energy management strategies based on speed and 
energy Logical level control. In the world of MATLAB 
/ SIMULINK simulation, the power supply of electric 
vehicles and control strategies are proposed. The 
simulation results show that the super capacitors 
waveform can accurately track the current deer, and 
the proposed control strategy can normally divide 
the output of the battery and the super capacitors to 
meet the energy output according to different power 
requirements. 
 
  Amir Rezaei et al. (2018) Energy management of 
hybrid plug-in (HEV) vehicles is usually divided into 
two parts: heavy power modes and power 
maintenance methods. This paper presents the best 
adaptive laws for a variety of adaptive energy 
reduction strategies (ECMS) under the heavy-duty 
hybrid plug-in method. To implement the best law, a 
special ECMS adapter, called Capture Energy Saving 
Opportunity (CESO) was selected. CESO has been 
used in hybrid and hybrid vehicles in a maintenance-
free manner. Here, by introducing the rules 
governing the best sports, CESO’s strategy extends 
to how power is consumed in hybrid vehicles. 
 
  K. Chaudhari et al. (2018) Energy storage systems 
(ESSs) are often used to manage renewable energy 
(RES) characteristics. Proper control strategies are 
needed to preserve power balance among RES, 
demand, and ESS. The traditional control system for 
vigor storage systems (HESS) utilizes high/low power 
steering systems for power generation and ESS 
power distribution. This paper proposes a new DC-
based photo catalytic system for heating with battery 
and super capacitor (SC) as HESS. The new control 
strategies utilize the power of non-electrical in the 

system to improve the overall HESS process. 
Compared to conventional control strategies, the 
advantages of the proposed control strategy are the 
recovery of fast DC voltage and efficient power 
distribution between the battery and the SC.  
 
A detailed analysis of planned control strategies is 
also recommended. People are increasingly focusing 
on the use of fossil fuels, and the establishment of 
influence schemes is focused on improving 
renewable energy use. Photovoltaic (PV) and solar 
energy are two well-known RESs. When it comes to 
durability and reliability, PV is the first choice, 
whereas PV generation and stability are prone to 
developmental factors, such as changes in incapacity, 
temperature.  
 
The composition, the moisture, and the effects of 
partial shade. In reality, RES generation and demand 
are based. To solve the above problem, energy 
storage systems (BESS) are often used. Of the various 
types of energy storage systems (ESS), BESS is the 
easiest to implement.  
 
The impact of BESS on environmental change is 
minimal. The problem with BESS is that low power 
levels and overall system costs do not meet the 
requirements of speed. High energy storage systems 
(HESS) are often used to manage such problems. 
Compared to a single ESS, the advantage of HESS is 
that it can effectively utilize the characteristics of 
different types of energy storage. The combination 
of battery and super capacitor (SC) is one of the 
most popular HESS configurations.  
 
Extremely powerful batteries are used to compensate 
for the average need for electricity. However, if the 
frequency of power consumption decreases, it will 
extend its life. SC is used to quantify the constant 
power conversion in HESS. This combination can 
solve and effectively change the power consumption 
while reducing the pressure on the battery storage 
system. Therefore, effective monitoring methods for 
improving HES are essential under changing demand 
   
H. B. Gooi et al. (2017) the production of electricity 
from renewable bases is mutable in nature and there 
may be an improper reduction in wind influence. 
Poor reduction in power production can have a 
negative effect on the growth of microbial volumes. 
This problem can be solved by using an energy 
storage scheme with battery and super capacitors 
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(SC) in the DC box. New control strategies have been 
planned to control power distribution between 
battery or SC to meet the demands of control supply, 
thus controlling the power supply. In the proposed 
control strategy, in addition to the requirement of 
high-speed power, the SC provides a rare feature of 
current batteries.  
 
This additional functionality not only improves the 
efficiency of DC voltage regulators but also reduces 
the stress levels of the battery, by extending its life 
span. The main advantage of this tactic is that the 
power generated by the arrival of slow-moving 
batteries is transferred to the SC and that the loss 
state can be kept within the limit for longer than 
common strategies.  
 
Renewable resources are available from remote 
power systems (RAPS). Often in remote areas, the 
demand for goods is very low. Therefore, considering 
the cost of electricity transfer and daily conservation, 
it is not recommended to supply electricity from the 
line. Therefore, an independent power supply system 
is the best power supply in remote areas and has the 
advantage of reducing the cost of operation and 
conservation.  
 
Due to the changing nature of renewable energy or 
the burdensome demand of RAPS, it is not possible 
to meet the demand for renewable energy through 
renewable energy production. To ensure continuity 
of power sources using a combination of energy 
sources (such as wind and sun), independent energy 
systems rely heavily on energy storage systems (ESS). 
The authors propose a battery-based energy storage 
system to balance the energy gap.  
 
However, in power-based storage systems (BESS), the 
amount of electricity and storage/transmission costs 
are less than the requirements of speed/speed. 
Therefore, in order to quantify the power 
consumption of independent renewable systems, 
super capacitors have been proposed [5], [6].  
 
However, the SC's energy level is low, so it cannot 
meet the demand for goods in the long run. Figure 1 
shows the different energy stores with energy and 
energy [7], [8]. As the chart clearly shows, compared 
to super capacitors, the battery has high energy 
efficiency, but low power. In contrast, compared to 
batteries, super capacitors have high power density 
but low energy density.  

Therefore, to fully utilize the benefits of energy 
efficiency and energy efficiency, this document 
reports on hybrid vigor storage systems. 
 
  Z.Zeng et al. (2018) developed a performance 
monitoring control strategy to maximize conversion 
to dc/dc power generation for the load. First, 
through the introduction of accurate sound 
technology, the DC's unreliable DC converter system 
was transformed into Bruno's sky standard. Then, a 
unique disturbance analyzer is used to calculate the 
change in the compressive strength and the accuracy 
of the calculated volatility using the feedstock.  
 
Next, the monitoring of specific transmissions is 
designed specifically to ensure that the output of the 
output volume is within a predetermined distance. 
Based on the back stepping methodology, the non-
coal-based composite composites with specific 
performance are defined.  
 
As we all know, there are many electrical converters 
in each component of the DC power distribution 
system. In particular, high-voltage power switching 
(CPL), which is unlikely to encounter the problem of 
high-frequency movement. And with the reduction 
of negative growth, the accuracy of a system 
becomes increasingly difficult.  
 
There is no doubt that the DC converter is a useful 
microbial material, and that the DC converter has 
been extensively studied in various power circulation 
schemes (such as photovoltaic power generation 
systems, wind turbine systems, and systems of oil). 
To further develop the strengths of DC delivery 
systems, some researchers have proposed changed 
or progressive control strategies for intermediaries, 
especially dc / dcs that encourage modifiers in DC 
distribution systems.  
 
According to the report, an amendment has been 
made to the rapid convergence of digital sentence 
structures for converts using CPL. This technology 
can get very fast results at an affordable price, but 
due to the limited CPL range, it is easily affected by 
the change in access.  
 
Also, the most common method is linearization 
feedback, which can achieve brand accuracy and 
unlimited CPL values. However, the active response is 
relatively slow compared to other robust control 
techniques. In the existing literature, for example, 
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monitoring methods (SMCs) and regulatory 
adjustments are used to validate dc/dc converters. 
SMCs can guarantee the integrity of a large brand 
through quick response, but there are often technical 
barriers when it comes to chatting, which are not 
compatible with the actual system. Besides, active 
processing methods can be used to guarantee the 
efficiency and reliability of the system.  
 
However, this approach cannot compensate for 
limited CPL, and its efficacy is often influenced by the 
change in frequency. Compared to the active mode, 
passive-based control can be easily implemented to 
facilitate practical application, while sacrificing 
reliable response. 
 
Vikas Shrivastava 2017 -This paper establishes the 
flywheel energy storage organization (FESS) in a long 
lifetime uninterruptible power supply. The Flywheel 
Energy Storage (FES) system has emerged as one of 
the best options. This paper presents a conceptual 
study and illustrations of FES units. After brief 
introduction to the FES system and its theory of 
operation, the paper focuses on the important role 
of the FES system in enhancing the operation of the 
distribution network.  
 
Supported by illustrated circuits, the FES system in 
the improvement of the power quality of the 
network. A flywheel energy storage technology was 
ended, with a special focus on the progress in 
automotive applications. In order to improve the 
efficiency and lifetime, then it discusses a newly 
proposed design of the FES system that emerged 
recently, which includes the use of Superconducting 
Magnetic Bearings (SMB) and Permanent Magnetic 
Bearings (PMB). In conclusion, the paper analyzes the 
FES systems great potentials that could be exploited 
in improving the reliability of the electrical system 
[11]. 
 
Vikas Shrivastava Et.al. 2018 the "smart grid" is a 
word used to describe the rapid infrastructure 
replacement of the electrical wiring system in the 
United States. When the advanced system is totally 
implemented, it will allow for communication 
features across the grids that are not currently 
available--hence the term "smart". A “smart grid” is 
simply an advanced electrical distribution system 
that has the capability to balance electrical loads 
from diverse, and often intermittent, alternative 
energy generation sources. In this paper the future 

trends for this issued development in power systems 
are assessed. Then the important evolution factors 
for developing the substations in the smart grid 
concept based on ICT (information & communication 
technology) are identified.  
 
In terms of real-time communications and control 
functions, interactive between customers and 
markets, optimized to maximize reliability, 
availability, efficiency and economic performance 
secure from attack and naturally occurring 
disruptions. By this development, it can be provided 
advanced EMS (energy management system) and 
asset management within smart transmission grid.  
 
The major theme of the paper is on the use of 
information technology to acquire more flexibility 
and smartness in the Wide Area Power System load 
Protection by designing the Communication channel 
using WIMAX [12]. 
 
 Vikas Shrivastava [2017] the main motive to design 
this paper to Comparative study between two soft 
switching techniques used in boost converter. Soft 
switching techniques are very attractive and 
medium-frequency applications such as solid often 
mandatory requirements in medium-voltage and 
state transformers.  
 
The efficiency of these soft switching techniques is 
strongly related to the dynamic behavior of the 
inside stored charge in the utilized semiconductor 
devices. Intended for this reason, this paper analyzes 
the performance of the internal charge dynamics in 
high- voltage semiconductors, giving a clear base to 
understand the previously proposed zero-current-
switching techniques for IGBT based resonant dual-
active-bridges.  
 
From these preceding approaches, the two most 
important concepts that consent to switching loss 
lessening in high voltage semiconductors are 
identified shaping of the conducted current in order 
to accomplish a high recombination time in the 
previously conducting semiconductors and achieving 
ZVS in the turning-on device [13]. 
 
Vikas Shrivastava, et.al. 2018 This paper presents 
maximum power tracking system .Maximum Power 
Point Tracking algorithms (MPPT) are employ to 
track maximum power, A DC-DC Boost converter is 
utilizing to acquire the impedance matching among 
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the PV array and the load. The methods based on the 
perturb and observe (P&O) technique are the most 
frequently employed in commercial merchandise. 
 
The reason lies in the fact that P&O can be 
implemented in inexpensive digital devices with 
ensuring high toughness and a good MPPT 
efficiency. This paper aims to presents the design 
and expansion of a photovoltaic system based on the 
improved P&O algorithm that consent to getting 
better efficiency, and design of effective charge 
controller with maximum power point tracker for 
photovoltaic system. Stability and accuracy of solar 
systems and the effectiveness of the proposed solar 
regulator system is verified by the simulation and 
experimental results under our developed system 
with MPPT algorithms [14] 
 
Vikas Shrivastava, et.al [2018] .These paper present 
Two-stage oil-free centrifugal air compressors can 
convey noteworthy advantages and open new 
market opportunities for compressor manufacturers. 
One of the core technologies following this 
compressor type is the high-speed electrical machine 
sustain beside active magnetic bearings. In this 
paper, the desires set through the compressor on the 
electrical machine design are existing.  
 
The design solutions aimed to satisfy these 
requirements are discussed in industrial application. 
Two case studies demonstrate probable design 
approaches for the target relevance through 
examples of a 120-kW, 60 000-r/min induction 
machine with a solid rotor and a 225-kW, 50 000-
r/min permanent-magnet synchronous machines 
(PMSM) with a full cylindrical magnet. The 
organization design and simulation results are 
established next to measurements of a PMSM 
prototype [15] 
 
Vikas Shrivastava, [2021] Transformers are basic 
design of electrical device which provide power 
transmission with transforming induced current from 
one circuit to another. The induced current can be 
converted step up or step down of current or 
voltage. This application mainly deliberates on the 
three-phase transformers which are used in among 
electric poles and the Power transformers.  
 
The real time overprotective is done on the basic 
features like gas level, oil aging and regulation of 
overload and temperature maintenance.  

These features are essential for effective power 
transmission and long life of industrial transformers 
and Communication Architecture for Future 
Protection & Control of Power Transformer .The 
monitoring and control of the transformer is done by 
using IEC 61850 AND RET 620 processor [16]. 
 
Vikas Shrivastava, 2021 This paper presents an 
estimation of SF6 gas circuit breakers reliability in the 
transmission substations, Among the substation 
equipment circuit breakers play a vital role when 
triggered to switch to Control the power transfer 
based on the load demand situations, Isolate faulty 
circuits, Prevent system stability failures in case the 
system parameters are crossing the permissible limit 
allow maintenance of substation equipment.  
 
Generally when utilities wanted to procure circuit 
breakers (CBs) in past as well as today, their 
preference is always for three pole operated circuit 
breakers due to cost effectiveness. This preference 
continued up to voltage levels of 220kV, beyond 
which the higher phase spacing has not permitted 
possibility of three pole operated Air Insulated 
Substation (AIS) circuit breakers.  
 
In Gas Insulated Substations (GIS), the limitation is 
170kV for three pole operated CBs, beyond which 
the size of the tubular housing may become 
uneconomical. A circuit breaker failure may result in 
the unavailability of an entire power system, causing 
major disruption and severe financial losses. [17] 
 
Vikas Shrivastava, 2021 This paper presents the 
design of substation among new technology which 
increases the concert of substations. The 
effectiveness of this substation higher than in 
present substation. And also it reduces the 
maintenance cost as well as fault happening and also 
reduces the individual errors and labor cost. One of 
the important issues in a substation automation 
system is performance of the communication buses 
consist of station bus and process bus.  
 
The station bus provides communication between 
station level devices and bay level devices and the 
process bus provides communication between bay 
level devices and primary equipment as the 
substation communication world searches for the 
“Promised LAN”, it would be helpful to have a 
roadmap to give direction to the search. Such 
expectations must be tempered with the cost and 
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complexity of achieving them .In this paper describe 
a methodology that identified a set of Smart 
Distribution Grid use cases and utilized them to 
define an architecture based on Future Internet 
technologies [18]. 
 

III. METHODOLOGIES 
 
  In a hybrid Micro grid, the photovoltaic system is 
usually controlled to operate at maximum point-to-
point extraction mode (MPPT). The energy storage 
system operates in the form of a power supply or a 
constant power supply. To provide frequent support 
and to prevent power fluctuations, this section offers 
dual SM monitoring strategies and high 
performance. 

 
Fig 1. Proposed Block Diagram. 

 
Storage Battery and Controller Solar-powered 
batteries can fulfill unreliable grid electricity 
demands, which are strong charge, discharge, and 
intermittent full-charging periods. A range of battery 
types fulfills these specific criteria. The major battery 
storage subgroups reviewed for solar energy include 
a lead-acid battery, lithium-ion battery, and flow 
battery [3].  
 
To save the additional energy produced by 
photovoltaic’s, a central controller is required to 
redirect the generated power to the battery, as 
illustrated in Figure 2.  
 
Many scholars have investigated the sequence of 
controllers that are used in photovoltaics. They 
highlighted that it is essential to improve the 
productivity of solar energy generation through a 
maximum power point tracker (MPPT) and pulse 
width modulated (PWM) technologies [4].  

1. Home Charging: 
Home charging involves private and public charging 
points in residential areas. Few survey studies have 
found that the EV’s drivers consider home charging 
as a motivational factor for buying EV where it is 
easy to access [5]. The implementation of more 
home charging (HC) infrastructure could increase 
EVs’ adoption rate, especially in cities [5].  
 
The HC infrastructure is dominant over the other 
kinds of infrastructure. This indicates the reliance on 
EVs’ on-grid electricity, where most charging takes 
place in residential areas.  
 
Deploying more solar-based charging infrastructure 
in residential areas could, therefore, lower reliance 
on the grid, encourage EV adoption rate, and extend 
the use of clean energy sources. As a result, that 
could lower greenhouse gas emissions and air 
pollution. 
 
2. Workplace Charging: 
Companies are starting to implement an electric 
infrastructure for their employees, or workplace 
charging (WC), to demonstrate their commitment to 
the green environment concept. Because of the 
extended parking period, the workplace is 
considered as the second location for employees 
with a higher opportunity to charge EVs outside 
homes, where 15–25% of charging events occur at 
the workplace [22].  

 
Fig 2. EV Charging Infrastructure with a Solar PV 

Charger. 
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Few companies provide renewable energy charging 
in the workplace, offering to charge at a shallow or 
sometimes free rate (e.g., Google and Direct TV). 
Provision of the WC infrastructure can increase the 
daily driving distance that leads to raising EVs’ 
adoption rate and usability.  
 
On the other hand, the parked vehicles can be 
considered to be a distributed resource that can 
provide electricity to the grid, known as the vehicle 
to grid (V2G).  
 
This integration can make efficient utilization of 
renewable energy. Meanwhile, renewable energy can 
be connected to the grid or to a micro grid nearby to 
solve renewable energy sources’ fluctuations. 
 
3. Public charging: 
The public charging (PC) infrastructure is charging 
stations that EVs’ drivers can easily access when 
needed. They are more suitable for implementing 
renewable’ facilities than residential areas.  
 
Deployment of renewable’ facilities in residential 
areas has several problems such as parking 
availability, building limitations (e.g., not enough 
space for solar panels), and governance issues (e.g., 
wind farms are, as a rule, sparse out of cities) [59].  
 
The public charging stations include the following: 
3.1 Opportunity Charging Stations Opportunity 

charging stations (OCSs) present EV drivers’ 
opportunity to recharge during the parking time 
at public locations. They are locations like 
shopping malls, airports, supermarkets, schools, 
parks, and restaurants. Drivers are expected to 
park for half an hour and more [60]. The network 
charging agreement can incorporate OCS to set 
an encouraging cost model, where EVs drivers 
can pay a fixed amount monthly as a 
subscription, pay-asyou-go plans, or, in some 
scenarios, for free.  

3.2 Fast Charging Stations Fast charging stations 
(FCSs) can solve the charging time issue, which is 
a crucial element in adopting and deploying EVs. 
The fast charging works on recharging the EVs 
quickly, similarly to the conventional vehicles at 
gasoline stations. Fast-charging plays a vital role 
in increasing EVs’ traveling distance by having 
FCS along the way. The off-board fast charging 
module is the key to fast-charging stations 
whose output is 35 kW and higher. The 

corresponding current and voltage ratings are 
20–200 A and 45–450 V, respectively. As they are 
both so high, such infrastructures have to be 
deployed in supervised centers or stations.  

3.3 Battery Exchange Station A battery exchange 
station (BES) is a system that EV drivers can 
replace their discharged battery with a fully 
charged battery at BES. The implementation of 
BES can provide several benefits, such as its very 
fast exchanging time. For example, Tesla, a well-
known electric vehicle maker, swaps EV batteries 
in 90 s [61]. One more critical issue about BES 
benefits is avoiding charging during peak 
demand [62]. Other benefits of BES are min- 
Appl. Sci. 2021, 11, 3847 6 of 17 imal cost 
management, long battery lives, and low 
consumption [63]. However, there are few 
drawbacks of the BES, such as the cost of 
investment, which is very high. BES construction 
requires ample space, and the battery 
management system cannot ensure battery 
safety [64]. 

3.4 Hybrid Electric Vehicle (HEV): This is the most 
commonly adapted hybrid vehicle. It combines 
the propulsion system of an electric motor and 
an I.C. engine. The power supply to the electric 
motor comes from the onboard batteries. In a 
HEV, the I.C. engine combines with an electric 
motor which leads to a more optimal use of the 
engine. Driving in city traffic involves frequent 
starts and stops of the vehicle. During idling, the 
engine consumes more fuel without producing 
useful work thus contributing to higher fuel 
consumption, less efficiency and unnecessary 
emission from exhaust. The HEV solves the 
problem by switching to power transmission 
through the motor and shutting off the engine. 
This way no fuel will be consumed during idling 
with no exhaust emission. Another major 
advantage of HEV is that when fuel tank gets 
empty while driving the engine, the vehicle can 
be driven on electric power within its maximum 
range.  

 
IV. CONCLUTION 

 
Both the environmental issues and the market 
demand have caused the popularity of the Electric 
Vehicles, but the electrochemical energy storage 
systems are still far behind the expectations to 
compete with the fuel-based vehicles. Although 
recent advancements in the battery technologies 
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have provided excellent opportunities to produce 
Electric Vehicles, which can fairly compete in the 
market, the limitations in both the thermodynamics 
and kinetics of the electrochemical reactions involved 
in a battery do not fully meet the requirements of 
irregular energy consumption of vehicles.  
 
In this direction, employing a Super Capacitor along 
with the battery system can satisfy the need. In this 
hybrid design, the Super Capacitor can quickly (for a 
short period, few seconds), provide the energy when 
the battery system fails to do so. After that, the 
steady energy flow is supplied by the battery pack. 
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