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Abstract: The automobile sector is a promising avenue for enhancing energy security, economic
opportunity, and air quality in India. Before penetrating a large number of electric vehicles (EV)
into the power grid, a thorough investigation and assessment of significant parameters are required,
as additional nonlinear and EV loads are linked to the decentralized market. Many automobile
companies have already invested in electric vehicle research; hence, a detailed analysis on range
anxiety and grid connectivity concerns are the important factors affecting the future of the electric
vehicle industry. In this paper, the initial review is about the decentralized market in India and
sustainable aspects of electric mobility based on the Indian context, as it is a developing nation with
an enormous resource and scope for EV markets. With recent literature from the last three years,
the substantial constraints observed in benefits and challenges are reviewed. The financial stability
aspects and the incentives to overcome the barriers to EV adoption are briefly discussed. From
the review, it has come to the limelight that infrastructure availability, technology, load demand,
and consumer behaviour are all major obstacles in the electric vehicle ecosystem. For the overall
design and study of the vehicle to grid (V2G) infrastructure, this paper also provides insight into
the representation of electric vehicles in different energy-efficient models and their categorization
while connecting to the grid. The methodology adopted for energy-efficient models includes lifecycle
emissions, economy, smart charging, real-time optimization, aggregated EV resource modelling,
and a support vector machine (SVM)-based method. This paper gives a positive impact on EV fleet
integration and electric mobility in general, as it critically reviews the influential parameters and
challenges. This classification depends on crucial parameters that are at the frontline of EV grid
integration research. This review is a solution to enhance grid stability in regard to new EV models.
With the advanced electric motors development and renewed battery technology models, longer-
distance automobiles are now available on the market. This paper investigates the constraints of EV
grid integration and analyzes different EV models to ease the grid stability for a decentralized market.

Keywords: decentralized market; electric vehicle (EV); smart charging; demand-side management
(DSM); vehicle to grid (V2G); distributed energy storage (DES)

1. Introduction

In 1884, English inventor Thomas Parker made the first production of electric vehicles,
25 years after the invention of lead-acid batteries [1]. Thereafter, many electric vehicle
models appeared in the industry and obtained patents. Due to an energy crisis and not
much technological development during the 1980s, electric vehicles could not reach high
speeds or long ranges compared to conventional vehicles. However, one big challenge that
is facing the environment is energy reserves and their conservation. Electric vehicles are
more eco-friendly and economical in comparison with traditional cars that use petroleum
or diesel fuel, as they also act as reversible energy storage devices.

The concept of efficient, smart, clean, and interconnected transport networks was
largely unknown until the 1990’s. During the twentieth century, greenhouse gases (GHGs)
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from Internal combustion engine (ICE)-powered transportation have led to degradation
in economic growth, as well as environmental and social health concerns [2]. Rapidly
increasing levels of GHGs in the Earth’s atmosphere, along with natural calamities and
catastrophic outcomes due to global climatic variations, have motivated many developed
and developing nations to invest in clean and safe fuel for the transportation industry [3].

The automobile industry in India is advancing towards innovation and new trends in
vehicle to grid technology. The recent developments and research are gradually catching
the attention of a large and growing population for energy-efficient transportation to
mitigate the severe impacts of transportation, including greenhouse gas emissions and
global warming [4]. Indeed, it is a fact that electric vehicles are paving way for a positive
change in the transportation industry [5]. India has a large manufacturing landscape of
electric vehicles, as a large number of automakers are now taking a deep dive into the
electric vehicle industry to tap the growing potential of our country [6]. The EV ecosystem
offers improved opportunities in energy security, air quality, and economy [7].

Figure 1 represents the EV sales in Indian context and it shows the greater potential of
the EV industry [8]. Throughout the pandemic, the revenue of the nation has been badly
hit, especially the EV sales [9]. Petroleum is the major source that is providing significant
revenue for the Government of India (Gol) [10]. The technology shift or transition to EV
in this era requires more financial diversions. During the second wave of COVID-19, the
petroleum prices in developing countries saw a major surge, affecting the transportation
expense of the common middle-class people. The emission standard known as Bharat Stage
VI (BS-VI) is expected to significantly impact India’s vehicle industry’s pollution emissions.
India will be on par with the United States, Europe, and other advanced automotive
markets across the world as a result of this new emission standard. Figure 1 gives an
elaborate analysis of how the EV industry experienced poor sales due to COVID-19 effects
from the month of May to July 2021, and the industry rise up with market relaxations
after the migration to BSVI standards [11,12]. It is observed that, for the transportation
services only, a large lump sum of the amount is to be paid [13]. Hence, vehicle customers
are expecting a technological shift in the transportation industry. A developed primary
market and a formal secondary market are very much essential to increase the resale value
of EVs in the future. With so many small independent dealerships, it is challenging to build
proper infrastructure for second-hand sales in the current EV market. Vehicle resale values
decline over time because of handling and battery degradation, as well as time lapses in
warranties [14].

Registered EV sales trend in India (Dec 2020-Dec 2021)
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OIS R R YO R
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Figure 1. Sales figures represent EVs registered across 1379 regional transport offices (RTOs) in
33 states and union territories (UTs) in India.



Energies 2022, 15, 5230

3 of 40

The main research gaps observed in the existing research works regarding EV grid
integration is that it does not include a detailed case study regarding decentralized energy
markets of developing nations and the factors influencing grid resilience for EV models,
but rather is concentrated on specific methods only, such as smart charging, IoT, and some
optimization schemes, etc. The benefits and challenges of electric vehicle grid integration
(EVGI) provide a more detailed selection of parameters for electric vehicle grid intercon-
nection models. Literally no reviews were carried out with all parameters (environmental,
economy, range anxiety, etc.) for EV modelling approaches in a decentralized power mar-
ket. The global energy environment is confronted with numerous challenges, and data
from Figure 1 clearly depicts that electric mobility will cater a significant role in the future
transportation industry. The above findings have motivated the authors for this work, and
the conceptualization of this manuscript is obtained from the above briefings.

1.1. Highlights of the Paper

e  This paper reviews the long-term features of electric mobility in India as it is a devel-
oping nation with a lot of resources and potential for EV markets.

e  This review identifies solutions to improve energy security, economic opportunities,
and air quality by adopting energy-efficient, innovative models for electric mobility to
reduce energy anxiety in EV grid integration.

e  The electric vehicle sales study (based on the Indian context) in a decentralized envi-
ronment is updated until December 2021, and grid stability concerns are addressed.

e  Wide options are suggested to analyze the financial diversions in electric mobility and
smart charging technologies.

o Investigates the constraints that affect the benefits and challenges during EV
grid integration.

e It proposes different energy-efficient models for electric vehicles to improve grid
stability in a decentralized market.

e  As there were no reviews carried out on electric vehicle modelling approaches based
on energy anxiety and primary parameters such as the economy, emissions, demand-
side management, EV battery management systems, optimized power flow, etc. This
review is a solution to enhance grid stability based on EV models.

e  The initial assessment is a case study of how a developing nation like India manages
decentralized electricity distribution and critically analyses the significant constraints
for EV grid integration, as per 97 recent studies.

o The final stage is a categorization of energy-efficient models, after reviewing
60 peer-reviewed works with the frontline parameters of grid integration research
for sustainability.

1.2. Paper Structure

The structure of the paper is organized as follows. The decentralized distributed
generation in the Indian context is proposed in Section 2. The impact of electric vehicles on
India’s grid capacity and methods to achieve financial stability in decentralized infrastruc-
ture are surveyed in Sections 3 and 4, respectively. The intelligent smart power grids to
support electric vehicle charging and grid integration are briefed in Section 5. An overview
of benefits and challenges in EV fleet integration with a global context is discussed in
Section 6. To solve the challenges in EV grid integration, different EV modelling approaches
are suggested in Section 7. The concluding remarks and future scope of the work are drawn
in Section 8.

2. Decentralized Distributed Generation in India

Decentralized Distributed Generation (DDG) sources are power-generating sources
that are closer to consumer’s premises; it allows the consumers to utilize renewable energy
(RE) sources locally, thus reducing the maximum demand and losses in long-distance
transmission. The paper [15] briefs the role of DDG for fulfilling the clean and efficient
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energy demands in the country, and is detailed with regard to previous data on India’s
power sector from 1947. It also suggests the present impression and viability studies of the
Indian grid systems to completely utilize the advantages of DDG implementation [16]. By
considering the case studies of solar energy integration policies in Nigeria, an expected
addition of 17,800 MW by RE sources into the grid, it is expected to benefit consumers and
the electricity boards during EV fleet penetration to the grid in the near future [17]. Through
the benefits, case studies of other countries, application, and economics of implementation
of DDG, the government is able to analyze and meet energy requirements in remote villages
with renewable energy sources. Figure 2 gives significant advantages of decentralized
generation for rural electrification.

! DDG based
Rural Electrification

Environment

Viable
Power
Generation
Y
Preservation of Essential T;dgﬁ“;): dornig\r:vnzr
Natural Resources Services B ;
generation
\ 4 ) Y
Sustainable

Povery Human Resource

R Reduction development

Figure 2. Various advantages of decentralized distributed generation.

The control and coordination strategies for distributed energy resources (DERs) and
energy storage systems (ESSs) are mentioned in paper [18]. The control strategies for DERs,
ESSs, and EVs are classified into three stages. For DERs, the primary stage is a droop-based
control without communication, then a distributed multiagent control for load sharing as
the secondary stage, and the third stage involves a centralized model predictive control
(MPC) distributed control. The paper also suggests efficiency-based control and optimal
power flow-based control for the EVs while integrating into the grid. Energy storage
systems adopt an State of Charge(SoC)-based weighted droop control with competitive
and cooperative control in line with advanced computational problems.

It also briefs the model predictive control of DERs and distributed multiagent-based
control for DSTATCOMs. Paper [19] discusses how the large penetration of DERs to smart
grids has challenges including voltage fluctuations, harmonics, voltage imbalance, etc. The
interfacing issues of DDGs with smart grids, as well as the taxonomy of ESS in electric
vehicles, are also mentioned. Paper [20] reports similar issues on the deregulated electricity
market along with a few investigations and solution methodologies.

The implementation of distributed energy storage (DES) systems in domestic house-
holds and connecting them to the grid as per standards is going to be a solution for
distributed decentralized power systems. The DES balances the demand and generation,
and enhances the reliability of renewable energy loads connected to the grid [21]. In 2019,
India accounted for a maximum power generation capacity of nearly 366 GW, including
84 GW of grid interconnected renewable energy. The Government of India expects to
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generate 450 GW of overall net electricity from renewable energy sources by 2030 [15]. In
certain metropolitan cities, it is very difficult to find a place for setting up additional trans-
formers for excess power demand. Hence, the only way is to optimize the V2G technology
alongside demand-side management (DSM) activities.

3. The Impact of Electric Vehicles on India’s Grid Capacity

In India, the energy sector is the main industry providing greenhouse gas (GHG) emis-
sions (68%), followed by manufacturing processes, agriculture, food processing, forestry,
etc. [22]. During grid interconnection of EV’s, it can be considered as a flexible load to grid
standardization, and there is also a fluctuating share of renewable energy generation linked
to it [23].

Figure 3 mentions the main stakeholders and components of the EV environment,
which is very critical for developing nations. The paper [24] suggests the involvement of
stakeholders in the EV ecosystem, and also mentions the local and national policies related
to EV adoption. India’s EV ecosystem is mainly focused on surpassing the adoption hurdles
related to infrastructure availability and technology cost for implementation. Financing on
a large scale is another critical barrier that needs to be addressed [25]. The more interesting
factor is the mindset of the large population to adapt to the new technology and present
willingness; during the years 2021-2022, the transition to EVs was occurring at a slow
pace [26]. A recent study has indicated that, by 2022, most consumers would consider
buying an electric vehicle for fuel-efficient transportation [27]. Indeed, as petroleum prices
skyrocket, the common man will think to adapt for a more economical transportation in
the future.

Vehicle and Battery

Consumers

Electric Vehicle Ecosystem Grid Regulation Parameters

Charging Infrastructure

Power from the Grid

Figure 3. Stakeholders and components of an EV ecosystem.

As per 2016 World Health Organization (WHO) data, India has 10 of the 20 most polluted
cities in the world. It imported 80% of the total oil requirement at 4.2 million [28] (p. 16).
Nearly an average of 0.15 million people lose their lives annually in India due to road
accidents [29]. Transportation sources account for one third of pollution from particulate
matter (PM). Many industry experts suggest that electric mobility might happen at a rapid
pace across the country, but it will require 1 to 2 years for secondary markets to expand
to a whole new level. There will be a general concern related to the management of grid
capacity when EVs are connected, and also the energy anxiety among consumers. India
is expected to attain a 30% market capture of EVs by 2030, and the sales are also believed
to touch 43 Mn [30]. The energy demand for the EV market will not pose a big challenge
to the Indian energy sector, as the expected projection is only 4% of aggregate end-user
demand as per research at Brookings Institute India.

As India needs about 1031 terawatt-hours (TWh) of electricity by 2030, additional
reserve electric power can be attained from distributed energy resources, especially solar
power [31]. As per Figure 4, if the technology shift to electric vehicles occurs, then there
will be a carbon emission cut by 37%, and the overall energy requirement will be reduced
by 64% [28] (p. 8).
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Figure 4. The variations of energy requirements and CO, emissions over the years.

3.1. Load Profile and Requirement of System Components

When electric vehicles are integrated into the power distribution system, some addi-
tional loads have an impact on the power grids. The supply of electric power based on
demand will be a significant criterion when EVs are integrated into the grid. If charging
electric vehicles is done without any planning, it will affect the load profile and maximum
power demand [32]. This uncontrolled charging by EVs at any time of the day poses a
potential threat to the variation of load on peak load hours [33].

Hence, with poor management of charging schedules, additional loads of EV fleet
integration will affect the grid reliability [34]. The sudden overloading of existing system
components can occur easily as it is not designed for additional power for EV charging [35].
The increased penetration of EV fleet charging will impact the grid’s transformer reliability
and lifespan [36]. In the coming years, EV battery charging from the grid is unavoid-
able. For that, a well-structured load management strategy and proper network planning
are essential.

3.2. Phase Unbalance and Voltage Profile

Single-phase AC charging creates unbalance in the phase sequence of the network,
and it is also observed that several studies have justified voltage drop and deviation from
standard values in interconnection points of EV chargers [37]. The vehicle charger has a DC-
link capacitor which provides reactive power through appropriate switching controls [38].
During peak load hours, V2G technology directs the energy stored in EV batteries to the
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electric grid, and the EV battery pack can be charged from the grid during off-peak hours.
This can also provide reactive power to the electric grid [39].

3.3. Harmonics and Stability

A large number of power electronics components are available in EV charging sta-
tions. Especially during the switching operation of EV charging system, harmonics are
generated in the system; however, if the total harmonic distortion (THD) generated is
less than 1%, it will not significantly affect the power grid. There are several non-linear
loads interconnected to modern smart grids [40]. Electric vehicle chargers are non-linear
loads that introduce current harmonics into the power system while compromising power
quality [41]. However, with proper EV charger design strategies, it can be used as an active
filter to compensate for harmonics produced by other non-linear loads in the grid [42].
When fast charging is adopted for an electric vehicle, the harmonics injected into the electric
grid become significant, and several filtering devices act as a solution to compensate for
the harmonics injected [43].

The stability of the power system must be maintained steady, thereby the constraints
and performance parameters of the grid are within standard limits [44]. The ability and
quality of the power grid to return back the operation of the power system to a steady state
is called stability [45]. The reliability of the power supplied depends on the stability of
the grid. As EV charging possesses relatively new additional loads for the grid system,
stability concerns have prompted many researchers to analyze and check the role of power
system stability on EV charging [46]. During EV charging with the grid, if unidirectional
power flows from the grid to the vehicle, major issues can occur, which can be analyzed
and mitigated by bidirectional power transfer; it will also enhance the power quality of the
grid [47]. Hence, with an expanding market of EVs, V2G technology realization is not just
an advantage, but rather a requirement for stable power generation and distribution.

4. Achieving Financial Stability in Decentralized Infrastructure

For enhanced growth, coordination, and collaboration of V2G, different stakeholders
are essential, and it is monitored by central, state governments and financial diversions are
performed carefully. The stakeholders should also include persons from civil society. The
National Institution for Transforming India (NITI) Aayog has proposed several suggestions
for the future of EV, which included a central data-sharing platform with innovation and
incubation centers for knowledge sharing. It also proposed a Unified Metropolitan Trans-
port Authority (UMTA) at the state level [48]. The financial incentives by the Government
of India and their impact on the market are given in Table 1, which indicates the financial
relaxation measures for the EV industry, and how the FAME Il amendment benefits the
common public for EV adoption.

Table 1. Financial incentives and its impact on EV market.

Fiscal Incentives/Policies

FAME II amendment

Reference, Year Purpose Impact on Markets
Increased the subsidy rate for
To promote electric electric two-wheelers and funding
[28] (p. 8), 2017 two-wheeler usage in the to INR 15,000/KWh from INR
et country and expected 10,000/ KWh, while also capping
reduced pollution. the incentives at 40 percent of the

cost of vehicles.

National Mission on
Transformative Mobility and
Battery Storage (NMTMBS)

Involvement of non-banking

Business models for financial companies (NBFCs) in
[49], 2021 improving economics for providing loans for 50% of
electric vehicles four-wheeler vehicles and 40% of

commercial vehicles.
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Table 1. Cont.

Fiscal Incentives/Policies

Reference, Year Purpose Impact on Markets

National Electric Mobility

. . Financial intervention for
Energy security of smart grids

Mission (NEMMP) [501, 2018 during EV integration. enhancing domestlc mfilnufacturlng
for electric vehicles.
Production-linked incentive To bO(.)St domestlc’ INR 259.38 billion allocated for
[51], 2022 manufacturing of electric and . .
(PLI) scheme . electric mobility.
fuel cell vehicles.
Around 10 Indian states, including
Delhi, Gujarat, Goa, Maharashtra,
State EV policies [51], 2022 Promoting all electric vehicles. and Rajasthan, have already
developed draft or final state-level
EV policies.
To reduce unfit and polluting By;gjgir;ilgslﬁ); ?Eji::gﬁsgng
New scrappage policy [52], 2022 vehicles for environmental !

industry will benefit and roughly

sustainability. INR 100 billion will be invested.

As per the statistics of the report [53], the estimated consolidated capital cost for
implementing EV transition during the years between 2020 and 2030 is INR 19.7 trillion
for charging stations and battery technology. In 2030, the annual loan requirement is
expected to be INR 3.7 trillion. The National Mission on Transformative Mobility and
Battery Storage (NMTMBS) has proposed several business models which have gained
considerable acceptance and the economics of electric vehicles are improving daily [49].
This strong commitment makes India’s EV market a good investment sector for innovation.
The key parameters for improving the EV sector are (i) demand creation, (ii) state policies,
and (iii) domestic manufacturing.

Since the 1990’s, the automobile finance sector has had an estimated worth of INR
4.5 trillion (USD 60 billion) to date [54]. Financial diversification in this sector is aided by
priority-based loans from banks and non-banking financial companies (NBFCs), which
account for nearly 50% of four-wheeler vehicles and 40% of commercial vehicles. The policy
implemented by the Indian government, such as the National Electric Mobility Mission
(NEMMP) in 2020, encourages the manufacturing of EVs and their deployment in India,
along with strong information technology development [55]. It also contributes to national
energy security and reduces environmental impacts. To improve EV customer attraction,
charging stations can collaborate with public amenities, such as food zones, cafeterias, etc.
With the help of this NEMMP plan, e-buses are permitted to operate in green corridors
only, which are already prescribed [50].

As per the NEMMP scheme, more importance was given to ensure the energy se-
curity of smart grids under the control of the government. It also mitigates the adverse
environmental impacts, thereby enhancing the domestic manufacturing capabilities for EV
manufacturing industries [56]. A higher level of financial interventions is needed, which
will re-engineer the current technology. The subsidies and financial relaxations will enhance
the purchase of EVs. These financial interventions will create significant social, economic,
and environmental benefits in the country [57]. Another important move was delicensing
and standardization of the charging infrastructure for EVs under the Electricity Act [58]. To
access the EV market, the license requirement was a barrier for small players in setting up
the smart charging infrastructure. The subsidized Goods and Service Tax (GST) reduction
from 28% to 12% for procurement of EV adoption is another highlighted scheme. The
national e-mobility program was implemented in association with the Ministry of Power,
Gol. It aimed for bulk procurement of nearly a half million government vehicles to facilitate
the demand for EVs in India [59].

There exist several fiscal incentives for Indian EV manufacturers, such as reduced
excise duties by the central and state governments. The additional benefits of purchasing
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electric vehicles in India are suggested as follows [28] (p. 8). Figure 5 denotes innovative
financial incentives by the government to enhance the integration of a large fleet of EVs. It
is further explained in the following subsections.

Market Relaxations and Ease of
Purchase of Electric Vehicles

— Subsidies in loan interest rates

—)L Priority Sector Lending (PSL) certificates

—> Product guarantees and warranties

—_— Development of Secondary market |
Other Schemes for ‘

—> Purchasing EV and Demand creation

h J
Figure 5. Represents the market relaxation offered by the government agencies for EV integration.

4.1. Subsidies in Loan Interest Rates

In paper [60], it is mentioned that the financial incentives for EV adoption depend
on the lifetime cost of the EV and the type of vehicle (car, truck, etc.) purchased by the
consumer. All the nations decide on the subsidies based on studies on the current EV market.
The role of fiscal incentives in enhancing EV sales is carefully studied in comparison with
the international markets and in consideration of the availability of raw materials for the EV
industry. The subsidies will improve the willingness of original equipment manufacturers
(OEMs) to take out loans, and it will also improve loan affordability. The remaining interest
will be compensated by the government.

A similar system has been adopted in the education, agriculture, and housing sectors,
with significant savings on interest, denoting them as priority sectors [61]. As per [62],
there are a few barriers faced by consumers even after financial assistance is given by the
agencies. Consumers are concerned about the availability of maintenance support even
after the purchase of vehicles as it is a technology transition from IC engines.

4.2. Priority Sector Lending (PSL) Certificates

In India, as per the PSL program, the banks have provisions to allocate a significant
amount of credit, i.e., 40% of net credit for small and micro-businesses, as well as five
years to comply with the existing scheme [63]. Some sub-limits of PSL are also set for
small businesses. Countries like Brazil, Mexico, Japan, Germany, Turkey, and South Korea
adopted PSL schemes for electric mobility [63]. These initiatives will enhance the prosumers
to start a business for EV sales.

The government can also prioritize EV and V2G technology of national importance,
as this technology will make a big leap in the industrial revolution. In the energy sector,



Energies 2022, 15, 5230

10 of 40

renewable energy is marked as a priority sector based on recommendations. Through
priority sector lending (PSL) certificates, banks can easily sanction loans [64,65].

4.3. Product Guarantees and Warranties

The original equipment manufacturers (OEMs) and financial institutions (FI) play a
significant role in product guarantees. The paper [66] suggests that several parameters can
reduce the confidence of customer buying, such as misinformation by the dealer regarding
the specification and availability of parts for the EV, lack of EV incentives, etc. As such,
product guarantees and warranties are offered by the OEMs.

A sustainable EV-prosumer framework enhances the confidence of customers by
fulfilling the sustainability impact of both EVs and prosumers [67]. A good partnership
between these two entities will ensure a guarantee on the performance of vehicles and
utilities, while dedicating financial paths for those commodities. The product warranties
can be offered to buyers on a large scale initially [68]. It will assure the cost of repair and
product quality.

4.4. Development of Secondary Market

By formalizing a secondary market, the resale value of electric vehicles can be in-
creased. The OEMs can initialize refurbishment, buy-back programs, and resale EVs
eventually. This model of exchange will make the EV market live and attractive to domestic
customers. The most capital component of an EV is the batteries, and a secondary market
for its exchange can also enhance the competition for spares in EV technology [69].

According to NITI Aayog, a framework has been proposed to the government to sell
only electric vehicles in India from 2030 [70]. This would expand the emerging clean fuel
technology in India and result in another industrial revolution. As the oil demand is very
high, cheap transportation provisions in a developing country like India cannot afford the
high import duties for buying petroleum. If India achieves 100% sale of electric vehicles by
2030, then it will reduce import duty by a large margin. As per studies, electric mobility has
the potential to reduce 37% of carbon emissions and to save 64% of IC engine-based energy
demand in 2030 [28] (p. 8). It will also reduce diesel and petrol consumption by 156 metric
tonnes, with overall savings of nearly 3.9 trillion in 2030 according to current oil prices [71].
The road transport ministry has been asked to make a framework for electrifying the
highways for selected national highways, which is called the e-highways programme.

4.5. Other Schemes for Purchasing EV and Demand Creation

In 2015, the Government of India initialized a scheme to enhance EV technology and
quicker adoption of electric vehicles named the Faster Adoption and Manufacturing of
(Hybrid and) Electric Vehicles (FAME) scheme. It was scheduled in two phases, FAME I
and FAME II. FAME I was given funding for 0.28 million hybrid and electric vehicles at
a cost of INR 9.7 billion (USD 130 million), with the goal of saving 18.49 million gallons
of fuel and reducing 172 million kg of CO,. FAME II started in April 2019, with a budget
of nearly INR 100 billion (USD 1.4 billion). It was primarily intended to promote the
widespread adoption of electric vehicles and newer charging infrastructure, so as to evolve
an environment-friendly domestic electric ecosystem for transportation. The FAME II
scheme has a greater expectation of a reduction in pollution of over 7.4 million tonnes of
CO,. The expectation in the EV industry is that the battery price is going to fall by 25-30%
between 2018-2025, which will make it an affordable market over the period [17].

The new smart city planning for EV infrastructure, advanced vehicle connectivity
technologies, and road network design will enhance better public transport access and it
will attract ease of doing business. Increased use of electric vehicles and better public transit
will improve the air quality index. The pollution issues in cities can be reduced by ensuring
public health and productivity. The safe carbon emission targets set by the government
can be met by these transportation solutions, as well as by accelerating renewable energy
goals [72]. A more advanced connected EV ecosystem will reduce accidents, as poor
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road infrastructure claims nearly 0.15 million deaths on average per year [73]. India can
benefit a lot from emerging electric mobility technologies that utilize high-quality public
transportation and electric drive innovations to reduce the burden of direct and indirect
transportation costs. Smart connecting modes via centralized data platforms can reduce
congestion on roads and highways [74]. This will improve job opportunities and pave the
way for rapid economic development, thereby stimulating technology development in the
manufacturing section of the EV ecosystem.

5. Intelligent Smart Power Grids to Support Electric Vehicle Charging

The Smart Grid (SG) system is an integrated system that optimizes the efficiency, relia-
bility, control, quality-of-service, and stability of power transmission and distribution via
distributed computing technology with the most autonomous and adaptive communication
infrastructure [75]. It has self-healing capabilities; during crisis situations of the power
outage, all the electric utilities will operate in a reliable, effective, and coordinated manner.
Proper regulation and load levelling in the energy market is essential as new technologies
in EV charging and renewable energy sources are attached to the power grid, which will act
as additional loads [76]. In this situation, smart grids provide an effective infrastructure for
the regulated exchange of power, as well as the secure flow of information or data between
the utilities.

A new intelligent well-connected Internet of things (IoT) platform will reshape the
electric vehicle industry. The electric vehicle industrial revolution will bring profound
technological shifts in the transportation network in any country [18]. Electricity will
become the most efficient power source for transportation. Companies will look to see if
the existing power grids are scalable, marketable, and profitable [77]. The nature of the EV
industry is that consumers will have an invariable demand for electric vehicles, which will
be cost-effective, reliable, safe, eco-friendly, secure, and have less maintenance [78].

The future of EV charging also depends on smart battery swapping technologies with
smart infrastructure. It needs the creation of a smart infrastructure of battery swapping,
where pay-per-use business models, along with integrated payment and tracking systems,
play an important role [79]. The main cost of electric vehicles is dominated by the batteries.
The selection of batteries for electric vehicles is based on the battery chemistry which pro-
vides optimized charging and discharging performance. The battery’s material, including
the electrolyte, should be able to adapt to Indian temperatures [80]. EV manufacturers
could find different ways to get suitable raw materials for battery production, and also set
up recycling plants for damaged batteries. The EV charging technologies will face both
challenges and good opportunities for the smooth operation of smart connected power
grids [81]. The major concern is that unmanaged EV charging loads on the distribution
side may put a strain on grid capacity. As a result, the charging demand flexibility can
be solved by implementing new smart charging methods at charging stations [82]. These
methods will not only save money on grid capacity upgrades, but will also enhance the
efficiency of the power grid [83].

6. An Overview of Benefits and Challenges in EV Fleet Penetration to Markets:
Global Context

There are several hurdles in implementing V2G infrastructure for EV charging, despite
improved economics and growth in the EV ecosystem. As EV technology is a new technol-
ogy that adapts at a slow pace, it requires significant technology costs for setting up the
initial charging units, aggregators, and necessary utilities for EV charging. National-level
policy implementation is very essential, along with a well-coordinated state-level effort.
The addition of fiscal incentives at the state level must be mentioned in the national-level
policy. To increase the confidence of customers to buy EVs, and to have a favorable envi-
ronment for the maintenance of parts, non-fiscal incentives are also essential. OEMs must
provide greater customized products and they should be available on time, which makes
the EV market user-friendly. More domestic manufacturing units and supply systems are
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needed at the local level for battery management systems, electric motors, motor controllers,
and also other components. Alongside the industry developments, the power companies
must invest in robust charging infrastructure.

Smart charging technologies are given many priorities as it communicates with the
electric grid effectively and it does demand-side management [84]. Consumer behavior
changes with time. Hence, by understanding the current barriers and risks associated
with the EV ecosystem, there are wide options to analyze the financial diversions in this
field. It should be noted that the full electric mobility concept, or the 100% electric vehicle
concept by 2030 [85], is opposed by the automobile industry lobby already, as it will remove
the IC engine production industry in the near future. In India, as more than 90% of road
transportation is dependent on diesel or petroleum, a critical concern is that the sudden
transition to electric mobility will diminish the profit of oil companies as well.

The industries which will heavily depend on these oil companies will also face a
backlash with this [86]. It will also be a great concern for the government, as large revenue is
observed from these fuel industries, which will suddenly be stopped with this technological
shift [87]. A brief summary of benefits and challenges during grid integration is shown in
Tables 2 and 3. Figure 6 represents the key parameters observed in benefits and challenges.

Range Anxiety

Smart grids

Power Grid Incentives

Internet of Energy

Benefits
Social Aspects

Regulation of the Grid

Smart Charging

Battery Cost
Limited Electric Range
Market Barriers
Technical Barriers

Challenges Charging Infrastructure

New Technology transition

Electric Vehicle Availability of Raw materials for EV

Promotion of EVs

Figure 6. Key benefits and challenges as per the recent literatures.

Table 2. Benefits of electric vehicle grid integration as per the recent literature.

Benefits References, Year Objective of the Paper Other Factors Contributed
[88], 2021 Energy management strategles. in the EV Integration with renewable energy sources.
system to fuel consumption.
Planning, operation, and configurations The existing issues and challenges of
[89], 2021 - . . . .
of charging stations for EV routing. charging stations.
Customers and original equipment
[90], 2020 manufacturer’s perspective on Range anxiety based on Indian context.
range anxiety.
. Electric vehicle charging
Range [91], 2019 Battery swapping. management options.
anxiety Environmental sustainability in .
921, 2021 comparison to IC engine vehicles. System dynamic approach.
[93], 2021 Inductive power transfer (IPT). EV chargers that 1nc1.ude on-/off-board
chargers discussed.
L . A dual input buck-boost converter (DIBBC)
[94], 2021 On-road dynamic wireless charging. for EV battery charging.
Interleaved AC-DC boost converter,
[95], 2019 Several topologies used for EV charging  conventional AC-DC converter and AC-DC

via residential AC grid.

boost power factor correction (PFC)
converter compared.
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Table 2. Cont.

Benefits References, Year Objective of the Paper Other Factors Contributed
Spatial-temporal EV charging and A coupled system of distribution and
[96], 2021 o . . . .
reliability perspective on smart grids. transportation network is used.
[97], 2021 Fog computing technology for SG applications, key problems, and the
/ smart grids. possible methods.
[98], 2019 On-board and off-board electric vehicle Challenges and opportunities for
’ battery chargers (EVBCs). smart grids.
Artificial intelligence techniques for Supports the integration of renewable energy
[99], 2020 L . sources, energy storage, and
distributed smart grids.
demand response.
[100], 2019 PQ improvement in the smart grid The challenges brought to the smart grids
St arid ! using EVs. by EVs.
mart grids i i i
8 [101], 2019 The integration of energy storage. Case studies WIIFh tt?chnologles and
applications.
Various reliability indices to quantify the A case study on the IEEE 13-bus system to
, impact o on the smart gri emonstrate the impact of electric vehicles
[102], 2021 imp f EV on th grid d he imp f electric vehicl
are discussed. on power system reliability.
Enerev management usin Demand-side management programs, energy
, . ubs for EV, and power dispatching systems
[103], 2019 &8y & & hubs for EV, and power dispatching sy
cloud computing. .
are discussed.
Electric vehicle charging using . .
[104], 2019 blockchain technology within the Interoperab.Ie and innovative
smart grid. charging systems.
[105], 2019 Seamless mtegrat.lon of [T in Impact of blockchain, IoT.
smart grids.
[106], 2019 Incentives for EV integration: The main challenges and opportunities in the
! Indian context. adoption of EV.
Electric vehicle incentives for . . . .
Incentives [107], 2017 technologies and charging infrastructure. Electric vehicle global adoption policies.
[108], 2021 Best practices and standards for utility Vehicle to grid (V2G) and distributed energy
! grid interaction with charging stations. =~ resources (DER) in power system operation.
[109], 2020 Techno-economic analysis, stakeholder An overview of potential grid resources
! roles, V2G regulations. for India.
The economic operation of EVs with Connectivity issues in EV charging schemes,
[110], 2018 distributed energy resources using the  software tools for smart charging, challenges
Internet of Energy (IoE). and solutions.
Internet of Energy (IoE) framework for Varl'ous optimization techniques and
.. . algorithms to manage DERs, and also to
Internet of [111], 2020 distributed energy resources, various > ) .
Ener communication technologies achieve cheaper energy prices, forecasting
8y ' the faults in the grid.
The impact of IoT in power systems to . . .
[112], 2019 overcome the grid operation hurdles and IoE in demand side and supply side of
. power systems.
environmental challenges.
[113], 2020 Load forecasting and charging station A real-time server-based
! recommendation. forecasting application.
Seivrfcroarlnz ailrgeﬁzsliz i%c;fliiass, A case study on the UK National Travel
[114], 2021 . s1ng Survey to analyze additional charging
provisions affect the uptake of . . )
- . requirements on maximum demand profiles.
electric vehicles.
The socio-demographic and behavioral . . -
Social [115], 2020 aspects that are linked to .The blggest.predlctors w.e re fuel eff1c1ency,
. . financial savings, and environmental benefit.
aspects electric automobiles.
oo . . Integrated risk analysis approach for
[116], 2020 Slgmgz??fl:;sj{aadgzl:(;f:hljverEZC}})IOhCy detecting technical, economic, and
& & papp ' regulatory challenges.
A sociotechnical nexus connecting range,
[117], 2020 public charging, price, and mental Identified 53 unique barriers of EVs.

barriers during EVGI were identified.
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Table 2. Cont.

Benefits References, Year Objective of the Paper Other Factors Contributed
. Adopted latent semantic analysis to build
[118], 2018 . Smart EV charging net‘fvork mixture user model for EV charging
infrastructure to regulate grid power. . I
behavior prediction.
Bidirectional aggregator to stabilize e
[119], 2019 ower orid and minimize EV Used an IEEE 33-node distribution network
! P gcharging cost for integrating five EV charging stations.
Key t?chnolqgles for electric vehicle (EV) Optimal energy management between EVCS
. [120], 2019 charging stations (ECSs) to control energy .
Regulation . and grid.
of the grid flow to the grid.
[121], 2019 DC fast charging station for electric EVCS in both grid-connected and islanded
! vehicle applications. modes were presented.
[122], 2021 Reduce peak power existing in grids by A case study involving various EVCS with
! coordinated control of BESS. coupled storage systems.
. . . Grid-friendly electric vehicle (EV) charging is
[123], 2021 Electric ;&Zhlclgen;};ralrgmg for integrated into probabilistic,
srap & time-series-based grid planning.
[124], 2021 Load frequency control of multisource A magnetostatic bacteria optimization (MBO)
! grid with EV load. technique was adopted for control.
Demand Ch.a rge mitigation and CCONOMIC  Control of charging loads using an adaptive
[125], 2020 analysis using real-time electric . .
vehicle charging. charging network (ACN) algorithm.
[126], 2021 Smart charging strategy based on Comparative study for uncontrolled
! reinforcement learning. charging of electric vehicles.
Ac}ap tive charging network (ACN). Model predictive control and convex
[127], 2021 algorithms enable control of EV charging optimization adopted
and real-time monitoring. p pred.
[128], 2020 Prioritization of smart charging based on Used trained regression models and
! EV departure times. historical data to predict departures.
Smart [129], 2020 Open-source algorithm for Algorithms are transparent and open access
charging ’ smart charging. for development and scientific research.
Probabilistic load flow analvsis of EV Randomly distributed and concentrated
[130], 2021 smart charein ¥ methods of electric vehicle and photovoltaic
g allocation are compared.
Electricity demand, spatial heterogeneity A conditional probability and convex
[131], 2020 of vehicle use, and geographic optimization to model uncontrolled charging
network structure. demand and smart charging, respectively.
[132], 2022 Tailored choice architecture design for More smart charging choices based on SoC,
! smart charging. time duration of driving, etc.
Reduces the fluctuations in charging
[133], 2019 demand and improves the A decision function-based strategy.
demand balance.
[134], 2019 Llfﬁiﬁiﬁ_ﬁgfﬁ:ﬁ;ﬁ}?Cle Different recycling technologies briefed.
[135], 2021 Disaggregated transportation cost of EV Examined the environmental impact of
! batteries and life cycle analysis. end-of-life (EoL) transportation.
[136], 2020 Challenges and opportunities for electric Technical and financial challenges for
! vehicle battery recycling. recycling of batteries.
Technical and economic difficulties for Case stud1e§ on UK electric Yehlde battery
Battery cost [137], 2020 . . . end-of-life, updated environmental
battery electric vehicle (BEV) recycling. .
regulations suggested.
An optimization model for battery .
[138], 2021 charging, discharging, and Based on eX}.laUSth? search and
battery swapping. genetic algorithm.
. . Prediction on electric vehicle costs in the
[139], 2019 Battery and vehicle cost analysis. United States for 2030.
[140], 2021 Cost-effective lithium-ion batteries Performance analysis of cobalt-free

excluding cobalt.

Li-ion batteries.
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Table 3. Challenges of electric vehicle grid integration as per the recent literature.

Challenges References, Year The Objective of the Paper Other Factors Contributed
[141], 2021 Influence of battery’s depth of discharge = The ambient temperature, driving cycle, load,
! (DOD) on range. and the initial state of charge.
Energy consumption modelling for a Empirical relationships between different
[142], 2021 . , .
driving range. factors for EV’s energy consumption.
Limited [143], 2021 Driving pattern recognition by electric ~ EV range is ana.ll.y2.6d based on Markov chain,
. vehicle range estimator. along with artificial neural network (ANN).
electric . . . . . .
[144], 2020 Routing to nearby battery charging Numerical experiments in the Texas highway
range ! stations for the electric vehicle. network are taken as case study.
Forecasting EV battery consumption On-board cloud communication and
[145], 2019 based on real-time traffic data, as well as . . .
. information systems discussed.
speed profiles.
An algorithm for the electric-vehicle
[146], 2021 routing to a nearby charging station Nonlinear charging times addressed.
was discussed.
[147], 2019 Policies, infrastructure interventions and =~ Market barriers to electric vehicle promotion
! the outcomes of EV adoption discussed. in Ireland.
[148], 2020 Key policies and the effects of incentives. Case studies of EV markets in Europe.
Mar.ket [149], 2021 The general perception of electric Electric vehicle adoption through
barriers ! vehicles among consumers. thematic analysis.
Important mediators and moderators for The EV c.hargmg mfrastruc.ture, deale.rshlp
[150], 2020 . experience, and marketing strategies
EV adoption.
are addressed.
Limited range, rehablhty.and The lack of charging stations and higher cost
[151], 2020 performance, limited battery life, fewer
of EVs compared.
EV models.
[152], 2019 A cost—e?fﬁc%ency compartson for fast Fast-charging infrastructure is cost-efficient.
Technical charging infrastructure in EVCS.
lfc 3 [153], 2020 Constraints and availability of the EV Investigated electric vehicle business models
arriers o battery components. for high adoption.
[154], 2019 A detailed energy-economic model for Case study of electric vehicle penetration in
! EV sector. European Union by 2030.
Machine learning for EV Machine learning is useq ona 5067
[155], 2019 . 2 respondent dataset, finding
market identification.
6 consumer clusters.
[156], 2019 EV Char.gl.ng sta’.aons (C.S) locahzzfaon by Spatial localization methodologies.
explicit spatial location planning.
[157], 2020 EV charging of ultra-low-emission EVCS design, location, and cost
! vehicle (ULEV). are discussed.
New Energy and Oil Consumption L .
[158], 2020 Credits (NEOCC) for the Charging infrastructure in most of the EV
L market dynamics.
. charging infrastructure.
Charging i £ chareine. includi
infrastruc- Different levels of charging, including Charging behavior among different types of
[159], 2020 level 1, level 2, and DC fast charging,
ture . EV owners.
are discussed.
Investments in charging infrastructure Promoting electric vehicle adoption as per
[160], 2021 1 . .
with different modes. environmental perspective.
Latent travel pattern determination and Travel behavior factors and vehicle
[161], 2019 L _— . .
charging infrastructure characteristics. attributes explained.
Vehicle charging infrastructure security o
[162], 2019 (VCIS) retains the privacy and autonomy Communication and control methods for

of stakeholders.

vehicle charging.
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Challenges References, Year The Objective of the Paper Other Factors Contributed
An adjustable real-time valley filling (ARVEF)
[163], 2019 Smart electric vehicle charging. and charging control algorithm to improve
PEV charging.
[164], 2019 Smart electric vehicle with high-efficiency ~ Sinusoidal pulse width modulation (SPWM)
! AC induction motors. method for speed control.
Smart grids with bi-directional Enerev trading via peer-to-peer
New [165],2019 communication and concept of Internet 8y Pop & 1 pk P
hnoloy o Enasy (o) ek
[166], 2019 Internet of Vehicles (IoV). Applications, technologies, challenges,
and opportunities.
[167], 2020 The EV-IoE integrated Improves charging infrastructure and
’ development pathway. renewable energy integration.
[168], 2021 Intelligent charging station in The possibilities for 5G services and
’ 5G environments. data privacy.
Internet of Energy (IoE) application for
[169],2021 smart gridfs;}e’md smaﬁf cities. IoE energy challenges.
[170], 2019 Raw materials supply chain study for Cumulated lithium demand and analysis for
! transportation sector electrification. the year 2050.
[171], 2022 Issues related to lithium availability Future impacts on PEV
! and sustainability. technology discussed.
[172], 2021 Factors affecting sustainable 67 variables for sustainability discussed in
T ! manufacturing of EV. Indian context.
Availability Material supply of copper, cobalt, and . . .
of raw [173], 2021 nickel for batteries of EV. The impact of raw materials on prices of EV.
materials Life cycle analysis of five types of L .
for EV [174], 2019 passenger vehicles discussed. A multiregional life cycle assessment.
[175], 2018 Green te;g?g;‘?lfeosriﬁj ]ziifer:}fs of raw Material recycling rates are calculated.
[176], 2019 Commercialization of lithium Milestones like energy density, lifetime,
! battery technologies. safety, power, etc., are discussed.
[177], 2018 Critical raw materials for Critical raw materials influence on
! advanced technologies. environment and resource management.
[178], 2019 An eXte?g;i;:fgg;ﬁﬁii: used to Energy security constraints.
[179], 2018 Complexity and compatibility constraints Characteristics of consumers and
! on consumer’s perspective. general patterns.
) [180], 2022 EV impact on profits and social welfare. Network effect on EV subsidies, pricing, and
Promotion market returns.
of EVs [181], 2019 Enhancing the potential of small-scale IEEE 33-node distributi'on grid to assess the
! markets for EVGL market potential of EVGI.
[182], 2018 Public acceptance concerns of Technical level, perceived risks, marketing,
! electric vehicles. and environmental awareness studied.
[183], 2018 The impact of electric vehicles and future The comparative substantial growth of
’ energy aspects. energy consumption by EVs addressed.
[184], 2020 The role of customer experience and An empirical analysis for EV adoption based

psychological factors for purchasing EVs.

on the driving experience.

Based on the availability of the information on limitations or research gaps, from the
recent literature, the following Table 4 has been presented.

A strategic and systematic plan is required for the planning commission, as well as
governments, to critically analyze the benefits of electric mobility and implement it. The
Li-ion battery seems to be expensive as there are no domestic manufacturing units, and is
also impacted by the non-availability of raw materials for the battery technology [185]. The
parameters which are believed to obstruct the development of electric vehicle technology
include the efficiency of batteries, range anxiety, charging time of the battery, creation of
charging infrastructure, consumer perception, battery recycling, and advanced technology
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development for safety. Market barriers, technical aspects, and battery recycling are key
parameters nowadays.

Table 4. Limitations of electric vehicle grid integration as per the recent literature.

Limitations

References, Year

Research Gaps Found

Other Remarks

Optimization-based approach has
difficulties in handling the

The study was limited to rule-based

Energy management in grids ~ [88], 2021 . . and
constraints and using optimization-based approaches
mathematical equations. P PP '
Challenges in ultra-fast charging Studies on fixed, mobile, and
Charging stations [89], 2021 and conventional stations need to contactless charging methods are to
be improved. be improved.
Socio-economic problems A comparative study on types of
[91], 2019 associated with battery swapping in  charging and swapping requires
densely populated environments. more dimensions.
Charging management The impact of charging using PV
[94], 2021 with a dual input buck-boost The Simulink model is proposed
’ converter (DIBBC) should be and results are compared.
investigated further.
. The comprehensive reliability index ~ An EV capacity ratio to DG capacity
Smart charging and [96], 2021 system for the grid regulationis to  of 3:1 for attaining system stability
management .
be analyzed. is adopted.
. Lack. of .effort to identify the power Integration of an on-board EVBC
Smart charging challenges [98], 2018 quality issues in EV battery . . -
into a smart home is mentioned.
chargers (EVBCs).
Instead of ANN, which is more
. Large-scale integration of DERs detailed, Internet of Energy and
Smart grid challenges (991, 2020 needs more analysis and clarity. cloud computing-based methods
are to be used.
Due to the voltage unbalance, the
o More PQ issue characterizations in uncertamtles. o the. EV charging
Power quality improvement [100], 2019 . rates can be identified more
smart grids are to be addressed.
accurately than Monte
Carlo methods.
. More advanced control systems for The categorization of the ca.reful
Integration of energy storage selection of energy storage is not
. [101], 2019 battery management must have . .
to the grids been mentioned in the paper mentioned for peak power shaving,
paper load shifting, demand response, etc.
Enerev management of smart Lack of research in the application =~ There are not many studies
i dsgy & [103], 2019 of the cloud service in the demand  analyzing cloud computing-based
& response program. optimal power dispatching.
Electric vehicle charging Lack of detailed research in the Blockcham te.Chnology .
[104], 2019 . . implementation for electric
management smart grid architecture model. . .
vehicle charging.
More energy management Apart from blockchain technologies,
. - . standards are to be added rather .
Smart grid efficient operation ~ [105], 2019 . . . advanced cloud computing
than international standardization . .
o technologies are to be mentioned.
organization (ISO)
The study conducted in the
literature is a limited and The review is limited to the impact
Grid impact on EV adoption [107], 2017 preliminary case study for impacts p

on Delhi’s power systems for
EV adoption.

on Delhi’s distribution system.
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Table 4. Cont.

Limitations

References, Year

Research Gaps Found

Other Remarks

Internet of Things-based load

There are a fewer studies analyzing

The communication channels for

. [113], 2020 V2V and V2G load forecasting and s .
forecastmg . grld integration are a concern.
charging schedule.
g . The electric vehicle user mixture The charging behaviour is only
EV grid integration [118],2018 model needs more data analysis. considered for user behaviour data.
More research is required on the Lack of effort from researchers to
[126], 2021 vehicle’s departure time and its justify reinforcement learning with
energy requirement. respect to other algorithms.
. Despite its relevance in scheduled . . .
Smart charging [127], 2021 charging, parameters affecting grid ;[g;fris;}; Zigl}zgvgii(;ﬁhigsibserve d
stability need to be well addressed. P ’
Limited research for load flow e e .
. . Probabilistic impact analysis needs
[130], 2021 analysis and not addressing
] more research data.
economic parameters.
Literature needs more data on s . .
EV battery [135], 2021 standard guidelines for the reuse The study is limited to the United
) .. . States regulatory framework.
and recycling of Li-ion batteries.
Limitations of mixed-integer linear ~ Battery swapping information is
Battery swapping [138], 2021 programming (MILP) for battery limited to nano-grids on a
swapping are not addressed. small scale.
EV consumption [142], 2021 The. energy cgnsumptlon in . More paramtleters.are required for
auxiliary devices needs more clarity. ~EV range estimation.
The lack of significant financial E;eﬂf;aizggsalf};zﬁiienct?zSvehlde
Policies on EV markets [148], 2020. benefits, charging infrastructure, . s ’
a9 charging availability, and
and model availability. : .
promotion activities.
The lac.k of finding all ta.ng1ble and The study limits the general
intangible gaps present in the . . .
[149], 2021. . . perception of electric vehicles
offering (EVs) and expectations of
among consumers.
a consumer.
The lack of charging infrastructure
Electric vehicle adoption Z;salileirrllcei g;rﬁfltll?ti rs;crategles, The charging infrastructure
[150], 2020. sns parameters and grid stability
development, total cost of .
. constraints are to be addressed.
ownership, and purchase-based
incentive policies.
The lack of evidence regarding EV The planning and scheduling of
[151], 2020. L L . A .
reliability and performance. charging stations need more clarity.
The lack of investigation and
further developments for EV
fast-charging technologies by . .
Fast charging technologies [152], 2019. analysis of power electronic Slower charging times of the battery
were addressed.
converters, battery system
modeling, and an impact on the
grid and local energy storage.
The lack of investigations in the
market case for electric mobility in ~ The research is limited to 222
EV business models [153], 2020. the current automotive landscape semi-structured interviews across

and challenges create an
unfavourable EV market case.

five Nordic countries.
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Table 4. Cont.

Limitations References, Year Research Gaps Found Other Remarks
The lack of assessments of the
energy, emissions and cost impacts
of various CO; car standards,
EV integration [154], 2019. m‘frastructure development plans Soc10—ted'm1cal factors are not given
with different geographic coverage, much weight.
and a range of battery cost
reductions driven by learning and
mass industrial production.
The lack of findings, that the vehicle
. . . to grid can contribute to the A limited consumer market is
Electric vehicle adoption [155],2019 attractiveness of EVs and its pricing  selected for research findings.
information for consumers.
The lack of findings on the charging
[156], 2019 stations and extensive empirical EV. Charging station classification is
’ ' traffic data for a better understanding  based on spatial dimension only.
o of the driving behaviour.
EV charging infrastructure [157], 2020 The lack of evidence regarding EV. The economical aspect of charging
’ ' reliability and performance. infrastructure was not mentioned.
The lack of investigation and . . .
[158], 2020. further developments for EV Limited data on public charging

fast-charging technologies.

opportunities.

6.1. Market Barriers

When a new electric vehicle is introduced into the market, the OEMs have the respon-
sibility to boost customers’ confidence so that the servicing of the vehicle and availability
of spare parts are accessible on time. The availability of a trained technician is necessary in
case of maintenance or repair. The battery packs are usually expensive during the initial
sales, and the availability for replacement is to be ensured to the customer [186]. Consumer
perception is another factor where the choice of buying EVs is limited [187].

Hence, by using advertisements or social media, some offers or discounts may be
given to the customers. Several factors have a major impact on EV integration, including
the lack of knowledge of OEMs regarding the government scheme [188]. Another issue
is regarding the availability of raw materials for batteries. Certain rare earth materials
like lithium, nickel, and cobalt require 10-20% more consumption than materials for IC
engine-related vehicles [189].

6.2. Technical Barriers

Significant technical barriers include the life span of the battery, range anxiety, charging
time, the safety of the vehicle, etc. Presently most OEMs are offering a warranty of
100,000 miles/eight years for their batteries [190]. The driving range during discharging is
a matter of concern if the charging stations are not available on time. A few batteries are
offering a range of nearly 248.54 miles [191]. Planning trips with smart connectivity to find
the location of charging stations is a viable solution for this.

6.3. Charging Infrastructure and Battery Recycling

The demand for charging stations will rise due to the increase in electric vehicles. If
the charging infrastructure is less, the sales will go down. Consumers are opting for the
ease of charging points and fast charging is preferred. A few manufacturers are providing
charging adapters for charging at home also. It must be noted that, even if fast charging
is preferred, which will take only 30 min to charge the battery, it has the disadvantage
of reducing the lifespan of the battery due to high current injection within a short time.
Moreover, it increases the cost of the battery [192]. OEMs are providing a warranty period
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for the batteries, but if the battery replacement is essential, then old battery disposal is a
concern also [193].

7. Electric Vehicle Modelling Approaches

During the development stages of electric vehicles, three typical approaches exist for
EV modelling: the kinematic or backward approach, the quasistatic or forward approach,
and the dynamic approach [194]. These different approaches for modelling will determine
the accuracy and complexity of the model. To conclude the model, a general description of
certain physical situations and their relation to the system is required.

It is to be noted that, while considering the different modelling approaches of electric
vehicles, a few parameters are affecting the benefits and challenges during EV integration.
This review is an insight into the various modelling approaches based on recently published
significant research works. Figure 7 represents a general outline for energy-efficient EV
modelling to the grid. Figure 8 categorizes different energy-efficient modelling approaches
based on critical parameters such as forecasting, modelling, design, and optimization.
The relationship between subsystems is described using correlations or mathematical
expressions, and the quantities observed in the equations are interpreted either as different
parameters, constants, or variables. Parameters can be determined or may be predefined,
and variables that are not known need to be calculated.

The classification of electric vehicles as different models based on energy performance
and influential parameters in the field of grid integration research is summarized in Table 5
with notable references. Older studies are included in the review because the base modelling
concepts of EV cannot be ignored.

Table 5. Modelling approaches of electric vehicles during the grid integration.

Model

References, Year

Factors Considered in the Paper Remarks

. . Emission S d Control Opti
Air quality monitoring in Indian cities, TUSSION SOUTces and L-ontrol Lphions

[195], 2014 . for better air quality in Indian cities
health impact, clean energy. bricfed.
EV scenario for minimum carbon . . .
[6], 2014 emission in India, insight to smart EV urban tf/:::epggaoi{)téons in India
grids, batteries. ed
. . .. Flexible energy storage options during
[196], 2011 Reduction in toxic emission, energy the interaction between power system
Li . ! storage options, Denmark case studies. P Y
ife cycle emission and the transport system.
del Lo .
mode Benefits of integration to RES to reduce Grid impact due to EV reviewed,
[197], 2013 air pollution balances the excess renewable energy
P ' by EV integration.
[198], 2021 te]irliﬁ;fens I;idglfgcetéﬁgd_ Energy harvesting with EV.
Socio-technical system for electric
[199], 2017 mobility, socio-environmental Mentions techno-economic perspective.
Y persp
advantages.
[200], 2021 Boosting storage support for renewable Case studies on Integrated hybrid
! energy-based grid systems. energy storage in university campuses.
[201], 2015 A S0lutlggaiog;(;ng)lrl:ierxz?{if;lCes and Robust optimization approach.
[202], 2016 Economic operation and cost Mixed integer linear programming
! optimization. (MILP) approach.
) Techno-economic analysis, EV based on ~ Ancillary service markets in UK as a
Economic model [203],2017 energy storage. case study.
[204], 2021 Economics of charging station. klevel ne.st.ed.quantal response
equilibrium model.
Charging/discharging price regulation G2V, V2G, e'md VZIO_I case Stl.ldle.s
[205], 2019 observed with 11.6% reduction in

in home energy management systems.

electricity cost
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Table 5. Cont.

Model

References, Year

Factors Considered in the Paper

Remarks

Historical traffic data in real-time and

[191], 2016 Charging demand for EV. weather data were used.
Four different prediction algorithms
Forecasting based on customer profile namely time welghted'dot
and charging station, EV speed product-based nearest neighbor
[206], 2016 . L ! (TWDP-NN), support vector regression
accuracy privacy concerns with respect o
to different charging stations analyzed (SVR), modified pattern sequence
&g yzed. forecasting (MPSF), and random forest
(RF) used.
Solves an online optimal charging . .
[207], 2019 problem to reduce total system MPC ba§ed optimal scheduling and
charging based on fuzzy rules.
energy cost.
Minimizes the cost of energy Model predictive contr'ol approa‘ch
; . . allows EV users to be involved in
[208], 2014 consumption, while respecting EV .
consumer preferences demand-side management
’ (DSM) programs.
A pricing and scheduling mechanism
to estimate and track the stochastic A mixed Bayesian-diffusion Kalman
[209], 2019 . S T
price and regulation signals for filtering strategy.
Load forecasting and load forecasting. . .
. Forecasting the power production by
maximum Short-term steady-state forecast of a -
d d model [210], 2013 id f 1 ) Bayesian-based approaches to RES and
emand mode smart grid for adaptable EV loads. .
various load demands.
Short-term load forecast in Neural network-based model design,
[211], 2016 medium-voltage /low-voltage case studies of French
distribution systems. distribution systems.
Short-term load forecasting extracts Multi-scale convolutional neural
[212], 2019 complex and important features of load network with time-cognition
sequences by periodic coding. (TCMS-CNN).
Short-term power load forecasting
strategy. Forecasted the seasonal load
[213], 2019 and compared it with long short-term Multi-layer bidirectional recurrent
i memory (LSTM), support vector neural network.
regression with back propagation
models.
Large-scale advanced metering . .
[214], 2017 . . Hierarchical K-means method.
infrastructure data collection.
Uncertainty analysis of electric load Imoroved quantile regression
[215], 2019 when loads are connected to smart P 1 &
- neural network.
grid analyzed.
Peak demand management in LV MD.(ed—.mteggr programming
[216], 2021 . . optimization minimizes the cost of
residential networks.
energy for EV users.
Five important lithium-ion battery
models such as empirical, Performance parameters of battery
[217], 2020 electrochemical, equivalent circuit, determined using electro-chemical
Smart charging data-driven models, and reduced-order impedance spectroscopy (EIS) test.
schedule strategy and models are analyzed.
quadratic optimization The relation between mathematical and
model for EV [218], 2011 circuit-oriented battery models is Modelling based on mathematical and
connected to grids ! analyzed and a differential study circuit-oriented approaches.
(battery model) is performed.
An EVCS comparative analysis is Recommends the combined charging
[219], 2021 performed between the Indian and system (CCS) charging methodology to
International standards. reduce charging costs.
. . A summary of main optimization
[220], 2016 V2G advantages, unit commitment techniques satisfying multiple

(UC) optimization strategies adopted.

constraints in V2G.
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Table 5. Cont.

Model

References, Year

Factors Considered in the Paper

Remarks

Types of computing services for big
data analysis and information

Cloud computing-based framework for

[221],2015 management for smart charging and smart charging.
EV integration.
Operating cost optimization in an A mixed-integer linear program (MIL.P)
[222],2017 . . is formulated to analyze the economic
interconnected nano-grid (ING). :
operation.
Time-resolved energy consumption in The time-of-use (TOU) rates during
[223], 2012 EV and fueling cost is measured for peak charging were studied by a
plug-in hybrid electric vehicles (PHEV). consumer decision tree model.
. . A continuous quadratic programming
[224], 2018 Factor()sftgartrtls:lllﬁlfiea’cr};e dﬁ’::i?;ﬁ TaNEE  model is used to determine the optimal
y ' charging (OPT) of the battery.
[225], 2004 Microgrid and dynamic loads design. ~ Waste heat recovery is also performed.
[226], 2015 The implementation of peak shaving A customized communication protocol
! functions on EVCS. for smart charging using LabVIEW.
Real-time optimized [227], 2017 State of charge (SOC) and state of Enhanced coulomb counting algorithm
EMS model for electric ! health (SOH) estimation techniques. and Kalman filter methods.
vehicles with smart Estimation of the state of charge (SOC) Battery analysis at the depletion and
& y Y P
charging modes in the [228], 2009 and state of health (SOH) for charging states with respect to
power grid (battery ’ valve-regulated lead-acid maximum releasable capacity and the
model) (VRLA) batteries. charged capacity.
Energy management in electric vehicles
[229], 2020 with V2G. Optimization of the EVs’ Multifactor optimization of smart
! charging (G2V) or discharging grids mentioned.
(V2G) profiles.
The potentl al bengflt's and impacts of Market operation framework for EV
[84], 2010 electric vehicles grid integration under inteeration
steady-state and dynamic behavior. & ’
There would be substantial economic
[199], 1997 Analyzes EV battery storage based on benefits for batteries of EVs as an
! three various driving requirements. energy source when compared to
internal combustion engines.
. Longjterm impact of EV gru%l Generator scheduling is performed by a
[230], 2013 integration on the generation side, . . .
o . new unit-commitment algorithm.
Aggregated EV determination of cost of EV charging.
resource modelling for A lithium-ion battery degradation The lithium-ion batteries degradation
load levelling and [231], 2020 non-linear model enhances the lifetime factors on the operating conditions
regulation in power of EV charging. were analyzed.
grids (V2G model) Smart charging mechanism with AnEVa . .
. . ggregator in a queueing
[232], 2015 vehicle to .grld frequency network is modelled.
regulation services.
[233], 2020 Electric vehicle charging standards and A summary of all international
! its influence on grid voltage regulation. standards for EV integration.
Co-ordination of aggregator in EV s . .
[234], 2017 resource modelling, V2G power levels, Effect of EV moblh?y aFtrlbutes on grid
. co-ordination.
and peak Shaving.
Determines the two-way energy A model representing battery electric
[235], 2019 storage capacity of a fleet of electric vehicle (BEV) with minute-wise storage

vehicles (EVs) which can be contracted
in the ancillary services market.

capacity provides frequency regulation
to the grid.
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Table 5. Cont.

Model

References, Year

Factors Considered in the Paper

Remarks

An SVM-based model
for mitigating PQ
disturbances in V2G
infrastructure (V2G
model)

[162], 2014

[236], 2021

[237], 2021

[238], 2009

[239], 2013

[40], 2011

[240], 2016

[241], 2015

[242], 2020

[228], 2013

Minimizes the cost of vehicle battery
charging, estimates costs of
battery degradation.

The SVM is used to model the battery
nonlinear dynamics, tests are
performed on an 80Ah Ni/MH
battery pack.

Gaussian process (GP) is used to
determine the uncertainties of battery
state estimation. This model optimally
manages energy flow within power
sources of the vehicle in real-time.

Classification and detection of power
quality disturbances by SVM.

Intelligent power quality (PQ) issues
are differentiated using various signal
techniques to enhance power quality.

The influence of battery charging
systems on the grid’s power quality in
a smart grid environment is analyzed.

Two different types of EV battery

chargers, traditional and smart
charging, are compared.
The classification of combined and
single PQ disturbances is mentioned.
The time and the recognition accuracy
of PQ issues were improved.

Estimates single-phase and three-phase
power-quality indices.

EV charging model formulation.

The exploitation of lithium for energy
storage is discussed.

Uses a simplified lithium-ion battery
lifetime model.

The simulation of the SVM model for
better battery efficiency dynamics with
less experimental data.

A novel learning-based model
predictive control strategy (LMPC)
was adopted.

Many transient disturbances like
voltage sag, interruption, swell,
harmonics, swell with harmonic, sag
with harmonic, and flicker, are tested.
Sensitivity analysis is performed under
different noise conditions for
the algorithm.

The digital signal processing tools
applied for feature extraction include
Fourier transform, wavelet transform,
Stockwell transform, etc. The
optimization techniques used include
genetic algorithms, simulated
annealing, particle swarm optimization,
and ant colony optimization.

As per the electric consumption profile,
the voltage degradation for a large
number of houses was observed
during experimentation.

Employs a number of binary SVMs to
test a variety of signals.

Uses the application of an empirical
wavelet transform (EWT)-based
time-frequency technique.

The magnitude of the voltage
fluctuations, location in the grid, PV
capacity, and effects of power quality
were studied.

The mineralogical aspect and lithium
extraction process are discussed for
future EV battery usage.
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Figure 7. A general outline for modelling a grid-connected EV charging schedule.

Electric Vehicle Modelling Approaches

Lifecycle Emission Model

Economic Model ’

Load Forecasting and
Maximum demand Model

aob

Battery Model ‘

¥

Smart Charging Schedule ’

Quadratic Optimization Model

h 4

Real-time optimized EMS model ‘

L p J

Aggregated Electric Vehicle
Resource Modelling

Vehicle to Grid
(Thermal and energy management) Model

‘ An SVM based model

Figure 8. Classification of the various modelling approaches based on certain critical parameters.

Based on the availability of the information, the categorization of modelling electric
vehicles based on methodology, the advantages, and limitations has been presented

in Table 6.
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Table 6.

and limitations.

Categorization of modelling electric vehicles based on methodology, advantages,

Modelling Approaches for EV Methodology Adopted Advantages Limitations
[Reference]
Energy harvesting methods, Air quality monitoring, Limited to energy

Life cycle emission model

thermo-electric generator, and
waste heat recovery schemes.
Regenerative breaking [198].

clean energy, reduction in
toxic emission.

harvesting methods in
hybrid electric vehicles.

Economic model

Techno-economic analysis using
Monte Carlo-based methods.
Mixed-integer linear program
(MILP) can be also used for cost
optimization [205].

Economic benefits of
planned EV charging and
discharging.

Lack of effort to clarify the
pricing of EV
charging/discharging.

Load forecasting and maximum
demand model

K-means, artificial neural
network (ANN), Bayesian
approaches [209-216]

More information details
regarding short-term
steady-state analysis of load
forecasting are available.

All literature is limited to
one approach only.

Smart charging schedule strategy
and quadratic optimization model
for EV connected to grids
(battery model)

Cloud computing-based smart
charging [218,221,222].

More coordination between
the grid operations and
charging stations
was observed.

More research needed for
regression extraction
strategy for battery models.

Real-time optimized EMS model
for electric vehicles with smart
charging modes in the power grid
(battery model)

Real-time optimization
algorithm for energy
management using four
modes of operation [229].

The charging modes
adopted are energy efficient
and save time in the
parking lot.

Lack of information on

battery degradation to

determine the charging
power profile.

Aggregated EV resource
modelling for load levelling and
regulation in power grids (V2G
model)

Power scheduling activity by
aggregator for scheduled
charging and load balancing
[232-234].

The EV standards and
charging structure is well
explained with more data on
V2G frequency regulation.

The economics related to EV
charging is to be mentioned.

A support vector machines
(SVM)-based model for mitigating
PQ disturbances in V2G
infrastructure (V2G model)

Using support vector
machines and supervised
machine learning algorithms
[236-238]. Generalized
empirical wavelet transform
(GEWT) also adopted [240].

The classification of PQ
disturbance is observed and
the mitigation process
is satisfactory.

New advanced technologies
like cloud computing have
to be mentioned in a section.

7.1. Lifecycle Emission Model

The toxic gas resulting from air pollution has forced certain governments to take
necessary action to review the situation seriously and think of a new technology that
provides emission-free transportation. In a 2014 assessment, the World Health Organization
(WHO) named New Delhi as one of the top ten world cities with the worst air pollution [195].
The paper [6] reviews several stages in EV lifespan and recommends suitable policies
to lower emissions in transportation, along with the case study of the national capital
New Delhi. An analysis of greenhouse gas (GHG) emissions was compared between
conventional and EVs in the paper [243].

The overall emissions over the entire lifecycle of any vehicle depend on wells-to-
wheels emissions. Several case studies suggest a good reduction in toxic emissions; for
instance, in the case study of Denmark, a significant reduction of 85% CO, emissions was
observed [196,197]. Many research papers conclude that EVs have fewer wells-to-wheels
emissions [198,200]. By boosting storage support for unstable renewable energy sources, ve-
hicle to grid integration systems can provide further socio-environmental advantages [199].
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7.2. Economic Model

A cost-effective model with a techno-economic analysis for energy storage is essential
to determine the economic feasibility of EV integration [203]. Monte Carlo-based analysis
is very effective to evaluate the economic status of EVs with grid connectivity. Other
methods like the mixed-integer linear program (MILP) can also be used for economic
operation and cost optimization when EVs are connected to nano-grids [202]. To reduce
the charging cost and to minimize the EV charging loads, an optimized robust charging
schedule is effective [201]. Optimal placement of charging stations will promote critical
public acceptance of EVs, and it is also an economically feasible solution for distance
charging [204]. The home energy management system (HEMS) can also contribute to the
financial benefit of EV mobility. It will be effective when grid to vehicle (G2V) is operational
during off-peak hours and vehicle to home (V2H) is operational during peak hours [205].

7.3. Load Forecasting and Maximum Demand Model

Load demand of a particular area is to be carefully analyzed with all the prehistoric
data and a few case studies of EV on a daily or weekly basis of sample data [191]. For
comparing the availability of EVs in a charging station, various algorithms can be used,
which also optimizes the required charging patterns [206]. The hybrid model predictive
control method is effective in calculating minimum peak demand control [208]. An IEEE
15-bus distribution system for load management was discussed in the paper [207] as a
case study. For decades, numerous parametric models have been chosen for predictive
demand load modelling, such as K-means, artificial neural network (ANN), and Bayesian
approaches, and they bring significant results [209-216].

7.4. Battery Smart Charging Model
7.4.1. Smart Charging Schedule Strategy and Quadratic Optimization Model for EV
Connected to Grids

The smart charging strategy is very efficient and it enhances the reserve capacity of
power in electric grids to maintain load levelling. Selecting a suitable optimization method
is a viable solution to lower the charging cost in EVs [217]. Without the help of smart
charging, integrating the fleet of EVs into the grid may result in disadvantages, as it will be
an additional load on the electrical utilities which are presently managing the load levelling
and regulation [219]. By smart charging, EVs can be scheduled to be charged automatically
in off-peak times, and active power support to the grid can be made available during
peak hours [220]. A new cloud computing-based method implemented on nano-grids will
serve the functionality of smart charging easily [221,222]. For all optimization strategies,
for charging there exists a problem statement for the mathematical model. Using a smart
scheduling strategy, the objective function for optimization can be initialized [218].

In general mathematical notation, the minimum load in the power grid is: min(szri 1)

Pgrid = Plogd profile + Pchurging 1)

where P, is grid power is denoted in (1), Poad profile is the everyday power demand of a
region/area without charging power for EVs, and Pygyging is the charging power of EVs.

The charging during off-peak hours will reduce the electricity bills to a much lower
amount, and also ensure grid stability and reduce the power demand on the consumer’s
end [223]. The quadratic programming approach also ensures a minimized cost of charging
schedule and maintains a predefined SoC of EV battery, even after allotting power to
different utilities in the grid [224].

7.4.2. Real-Time Optimized EMS Model for Electric Vehicles with Smart Charging Modes
in the Power Grid

As electric vehicle charging stations are designed and implemented at a faster pace
than ever before, the reliability of the grid must be optimized by energy management
systems (EMS), and cost-effective smart charging modes are to be utilized in V2G infras-



Energies 2022, 15, 5230

27 of 40

tructure [226]. The microgrid consists of a network of different loads like dynamic loads,
PV loads based on maximum power point tracking, and EV charging stations, etc. [225].
Four EV charging modes with different user options are suggested in this EMS model,
including energy/cost efficiency or ultra/fast charging. The dynamic programming in
real-time is analyzed to optimize the charging of EV batteries in ECO and V2G modes. This
model formulates the cost function and studies the characteristics of EV battery charging
parameters like the state of charge (SoC), depth of discharge (DoD), etc. [228,244]. The effect
of V2G systems on the lifespan of EV batteries depends on battery degradation parameters
and the total cost of ownership of different EV charging modes [245,246].

EV users have the option to select different charging modes, and EMS communicates
to converters through a communication channel; real-time battery information is required
for energy management. Figure 9 illustrates four EV modes of charging denoted as ULTRA,
FAST, ECO, and V2G with powers from the grid as Py, Pr, Pg, and Pyyg [229]. The function
of EMS is to measure the power grid parameters and transfer the individual charging
signals based on an optimization algorithm.

ELECTRIC VEHICLE 1 EVBus AC Bus

~

EVu ULTRA
;LECTRIC VEHICLE 2 E
EVF FAST
ELECTRIC VEHICLE/3 ; ;

EVE ECO

ELECTRIC VEHICLE4 || |

EVvae V2G

YYVYYy

Energy Management system

Figure 9. Arrangement of the EMS-based microgrid model.
The power balance Equations (2) and (3) of the arrangement are written as
Perig= Pnet + PEvm 2
The resulting power between demand and generation is
Pyet= P, — Ppy @)

where Pgrid is grid power, Py, is overall net power in V2G, Py, is the power of additional
loads, Ppy is power from renewables, and Pry,, is the overall power for the EV Fleet.
ULTRA mode charging is for users with high priority, and it is for a shorter duration
with demand not exceeding the saturation value. Here, a maximum permissible power
charger is supplied. The FAST option is available to those who do not wish to spend as
much as ULTRA mode, and priority-wise, it is less than ULTRA mode. No prediction data
is available in this mode. ECO mode is for users with minimum cost and charging, with
lower priority than previous modes. V2G mode has complex control, and it satisfies both
grid and EV battery. The predicted data of energy flow is taken into account, and this mode
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supplies power to other vehicles when ULTRA /FAST charging requests are not handled by
the microgrids. When energy demand reaches a saturation point, higher priority modes
are only enabled by EMS optimization.

7.5. Vehicle to Grid (Thermal and Energy Management) Model
7.5.1. Aggregated EV Resource Modelling for Load Levelling and Regulation in
Power Grids

Energy security for the long term is an essential element for a sustainable future
in growing transportation consumption. A fleet of EVs is a significant energy resource
for the power grid as vehicle to grid (V2G) and grid to vehicle (G2V) modes of battery
charging will increase generation adequacy and provide flexible energy storage in the
order of megawatts. The model suggests a method to determine the bi-directional storage
capacity of electric vehicles, and also to enhance the voltage regulation to the grid [199].
The standards in charging and discharging directly influence the voltage regulation of
the grid [233]. By this scheme, a notable revenue can be expected for a long-term energy
capacity commitment [230].

EV scheduled charging using V2G reduces charging costs and emissions. A centralized
charging scheme would allow more EV integration into the grid [247]. An aggregator is an
entity that controls a large fleet of electric vehicles and is the reason for integrating EVs into
the power grid to balance the load and generation [234]. The performance parameters in the
charging and discharging stages are monitored using algorithms, and minute-wise energy
storage capacity of the deregulated electricity market is analyzed, keeping constraints like
arrival, departure times, travel and parking duration, etc. By the momentary fluctuation
of energy data observed between power supply and demand, an accurate system-wide
frequency is stabilized. By modelling the charging and discharging patterns, the non-linear
characteristics of lithium-ion batteries are designed [231].

The grid regulation has two modes, regulation down (RD) and regulation up (RU),
where regulation up occurs when the demand exceeds supply, and regulation down occurs
when supply surpasses demand, so as to nullify the grid imbalances momentarily [232]. The
charging /discharging power, trip distance, and arrival patterns are several parameters that
influence RU and RD. The grid regulation depends on the availability of vehicles, as well as
the expected mileage of the available EV aggregation at various charging places. Figure 10
represents the schematic overview of an aggregated storage strategy for power scheduling.

Electric Vehicle Charging

Va2G G2V
Stabilizing the Grid
& Minimizing Charging Cost
4
Aggregator Powergrid
Generation Units, Additional Loads \_

and Renewables

Figure 10. Overview of aggregated storage strategy.

Figure 11 is a block diagram that represents the power scheduling activity by an
aggregator. The input stage involves collecting data on vehicle information, like fuel
economy, vehicle capacity, arrival timings, driving mileage, etc. The information is given to
data acquisition, which analyses and computes the charge and discharge energy storage
capacity of electric vehicles available at various stages of parking. The G2V and V2G power
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Vehicle data

Driving attributes
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selection constraints include vehicle capability, available parking, charging infrastructure,
etc. Different ancillary services markets are committed to the output energy storage capacity
via aggregated connected channels.

Available at different times . . . .
at two places Constraints like parking time

l [ charging infrastructure etc

Arrival time

N ( Selection of G2V Scheduling .
: L pacity power levels for RD/RU v

Figure 11. Schematic of the aggregator’s power scheduling activity for EV resource modelling.

Hence, apart from improving grid dependability, the model also analyses the coor-
dination of grid connection with EV aggregation, thereby increasing opportunities in the
competitive deregulated electricity market for new EV integration also [235]. The simu-
lative model for instantaneous power scheduling (minute-wise) helps to attain storage
capacity via a large fleet of EVs. It also presents wide opportunities for a large number of
EVs in this network, and enhances the regulation capacity commitment of the grid.

7.5.2. An SVM-Based Model for Mitigating Power Quality (PQ) Disturbances in
V2G Infrastructure

As electric vehicle charging technology is advancing to smart techniques, power dis-
turbance mitigation is also an important parameter to be considered when the electric
vehicle is connected to charging stations [242]. Moreover, power electronic components
in the vehicle, as well as the charging station, generate more PQ disturbance, which will
significantly affect the EV battery life if it is not compensated on time [162]. Figure 12
denotes a supervised machine learning algorithm-based model; i.e., for the categorization
and analysis of independent and combined PQ disturbances, the support vector machine
(SVM) models can be utilized in EV charging and discharging [236]. The detection, classi-
fication analysis, and regression of performance parameters in EV charging can be easily
computed by SVM [237]. The important advantage is that the most promising and probable
PQ disturbance can be sorted out, and it can be analyzed and mitigated separately with
SVM models [238].

“w‘” \.‘ / Preprocessing AY Feature Extraction
\ Power Quality

> Disturbances »{ H

1; ) Input | / Signal

AN . _ Stage / Processing

Feature
Selection

Decision Space Classification

Optimization
Techniques

SVM based
model

PQ disturbance
categorization

Figure 12. The several stages of power quality disturbances classification by SVM.

In general, significant disturbances similar to voltage sag, interruption, swell, and
transients exist in charging modules, but the probability of impact on regulation and load
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variation is negligible [40]. However, when a large fleet of vehicles is considered, the PQ
disturbances in the system will become significant, as many different non-linear loads
are present in the grid. Initially, signal processing techniques are required for diagnosing
PQ disturbances by Fourier transform (FFT), discrete wavelet transform (DWT), wavelet
packet transform (WPT), etc. [239]. Out of these techniques, generalized empirical wavelet
transform (GEWT) has gained more significant attention due to its simpler adaptive filter
design [240].

The power signal for charging has a fundamental frequency component, and it is
decomposed to mono-frequency components by GEWT. These methods adopted are com-
putationally less expensive when compared with conventional approaches. The SVM model
process the linearly inseparable input data so that a kernel function K (u;; ;) is used to
create a high-dimensional space feature. A separate complete analysis of PQ disturbance
is possible by using the SVM model with GEWT [241]. It is observed that the combined
detection of PQ issues reduces the overall accuracy [227]. Many SVMs are employed for PQ
analysis in power grids, and separate SVMs are assigned to detect and analyze single dis-
turbances. The signals generate fundamental frequency variations of the order of £0.25 Hz
at various phase angles. Due to the computational efficiency and adaptiveness of GEWT, it
is also selected for evaluating non-stationary signals; hence, SVM-based PQ analysis.

8. Conclusions and Future Scope

In the first part of the review, the benefits of electric vehicles, such as reduced toxic
emissions, and lower fuel, operating and maintenance costs, were basically an insight into
the challenges and barriers in EV adoption to the decentralized market. In general, the
definition of decentralized electricity markets in association with DERs was discussed;
moreover, several EV models on the basis of energy performance and influential parameters
were categorized, along with case studies of a few countries. The classification of electric
vehicles as different models was done based on critical parameters which draw more
attention in the field of EV research. As EV technology is growing so fast, the ability of
grids to automatically stabilize the necessary constraints will help the V2G ecosystem to
add more EV fleets into it for charging, thereby reducing energy anxiety. This work is
mainly concentrated on the generalized structure of decentralized markets and the impact
of EV fleet integration into the grid. Hence, the renewable energy sources (RES) integration
and other load impacts on the grid were not discussed in detail, but notable references were
included. The electric vehicle sales study (based on the Indian context) in a decentralized
environment, as mentioned in Figure 1, shows a promising trend with a larger potential of
EV industry in a decentralized market.

The main limitation of the research was the availability of the data during the pandemic
times (COVID-19) for EV sales, and it was observed that the statistics are below average.
The financial incentives for EV adoption with respect to other countries are less mentioned,
as the topic is concentrated on the Indian context only. The contributing parameters like
peak shaving, valley filling, and load levelling gains importance for grid stabilization
during V2G, and sufficient research data on this is to be included for different EV models.
The above issues can be considered as future scope or extensions of the review work for
the research community.

The literature review is fairly unbiased and conclusive in its assessment that it will
bring solutions and insight to the current barriers to the implementation of EV in the power
grid. Integrating the nonlinear intermittent loads, such as renewable energy sources, to the
grids and the potential benefits of the models discussed are worthy of further research. The
advancement of technologies in the field of electric vehicles and decentralized markets has
made it possible to make our lives easier and safer by using clean energy. We firmly believe
that this evaluation has a positive impact on EV fleet integration and electric mobility.



Energies 2022, 15, 5230 31 of 40

Author Contributions: N.G. and PK.S. have conceived the idea and converted it into a manuscript.
The conceptualization was proposed by PK.S. for the review article on “Energy Anxiety in Decentral-
ized Electricity markets: A critical review on EV models”, and he also supervised the process. N.G.
investigated and collected all data, wrote the draft, and converted it into a review article. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: All the data analyzed during this study are included in this article itself.

Acknowledgments: The authors of this article hereby declare their willful consent and interest to
publish the article titled “Energy Anxiety in Decentralized Electricity markets: A critical review on
EV models” in this journal. The authors would like to thank the support and encouragement of
Vellore Institute of Technology, Vellore, Tamil Nadu, India for the publication of this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Faraz, A.; Ambikapathy, A.; Thangavel, S.; Logavani, K.; Prasad, G.A. Battery Electric Vehicles ({BEVs}). In Electric Vehicles;
Springer: Singapore, 2021; pp. 137-160.

2. Tang, H.X. The Social Responsibility of Car Producers by Using Alternative Fuels Engines for a Better Environment the Social
Responsibility of Car Producers by Using Alternative Fuels Engines for a Better Environment Tang How Xiang Rashad Yazdanifard
Centre for Sout. 2013. Available online: https://www.researchgate.net/profile/ How-Xiang-Tang/publication /258224870
(accessed on 9 June 2022).

3. Habib, S.; Khan, M.M.; Abbas, F; Sang, L.; Shahid, M.U.; Tang, H. A Comprehensive Study of Implemented International
Standards, Technical Challenges, Impacts and Prospects for Electric Vehicles. IEEE Access 2018, 6, 13866—13890. [CrossRef]

4. Karstensen, J.; Roy, J.; Pal, B.D.; Peters, G.; Andrew, R. Key drivers of Indian greenhouse gas emissions. Econ. Polit. Wkly. 2020, 55,
46-53.

5. Covic, G.A,; Boys, ].T.; Budhia, M.; Huang, C.-Y. Electric Vehicles—Personal transportation for the future. World Electr. Veh. |.
2010, 4, 693-704. [CrossRef]

6.  Shukla, PR.; Dhar, S.; Pathak, M.; Bhaskar, K. Electric Vehicles Scenarios and a Roadmap for India. 2022. Available on-
line: https:/ /backend.orbit.dtu.dk/ws/portalfiles /portal /104752085 / Electric_Vehicle_Scenarios_and_a_Roadmap_for_India_
upload.pdf\T1\textquoteright (accessed on 1 July 2022).

7. Dhar, S.; Pathak, M.; Shukla, PR. Electric vehicles and India’s low carbon passenger transport: A long-term co-benefits assessment.
J. Clean. Prod. 2017, 146, 139-148. [CrossRef]

8.  JMK Research Analytics. Available online: https://jmkresearch.com/wp-content/uploads/2022/01/EV-Monthly-Update_Dec-
21_final-1.pdf (accessed on 13 June 2022).

9. Arribas-Ibar, M.; Nylund, P.A.; Brem, A. The Risk of Dissolution of Sustainable Innovation Ecosystems in Times of Crisis: The
Electric Vehicle during the COVID-19 Pandemic. Sustainability 2021, 13, 1319. [CrossRef]

10.  Shruthi, M.; Ramani, D. Statistical analysis of impact of COVID 19 on India commodity markets. Mater. Today Proc. 2021, 37,
2306-2311. [CrossRef] [PubMed]

11.  Bindra, M.; Vashist, D. Particulate Matter and {NOx} Reduction Techniques for Internal Combustion Engine: A Review. J. Inst.
Eng. Ser. C 2020, 101, 1073-1082. [CrossRef]

12.  Pothumsetty, R.; Thomas, M.R. Bharat Stage IV to VI -Challenges and Strategies. Int. |. Recent Technol. Eng. 2020, 8, 2614-2623.
[CrossRef]

13.  Fowri, H.R,; Seyedabrishami, S. Assessment of urban transportation pricing policies with incorporation of unobserved hetero-
geneity. Transp. Policy 2020, 99, 12-19. [CrossRef]

14. Hsu, C.-W,; Fingerman, K. Public electric vehicle charger access disparities across race and income in California. Transp. Policy
2021, 100, 59-67. [CrossRef]

15.  Arunachalam, K.; Pedinti, V.S.; Goel, S. Decentralized distributed generation in India: A review. J. Renew. Sustain. Energy 2016,
8,25904. [CrossRef]

16. Plutshack, V.A. Rural Electrification Policy and off Grid Solar: Sector Engagement Strategies in India and Beyond. Ph.D. Thesis,
Apollo—University of Cambridge Repository, Cambridge, UK, 2020. [CrossRef]

17.  Kumar, A ; Prakash, O.; Dube, A. A review on progress of concentrated solar power in India. Renew. Sustain. Energy Rev. 2017, 79,
304-307. [CrossRef]

18. Nikam, V.; Kalkhambkar, V. A review on control strategies for microgrids with distributed energy resources, energy storage
systems, and electric vehicles. Int. Trans. Electr. Energy Syst. 2021, 31, €12607. [CrossRef]

19. Shaukat, N.; Khan, B.; Ali, S.M.; Mehmood, C.A.; Khan, J.; Farid, U.; Majid, M.; Anwar, S.M.; Jawad, M.; Ullah, Z. A survey on
electric vehicle transportation within smart grid system. Renew. Sustain. Energy Rev. 2018, 81, 1329-1349. [CrossRef]

20. Karthikeyan, S.P.; Neri, F. Open research issues on deregulated electricity market: Investigation and solution methodologies.

WSEAS Trans. Syst. 2014, 13, 520-522.


https://www.researchgate.net/profile/How-Xiang-Tang/publication/258224870
http://doi.org/10.1109/ACCESS.2018.2812303
http://doi.org/10.3390/wevj4040693
https://backend.orbit.dtu.dk/ws/portalfiles/portal/104752085/Electric_Vehicle_Scenarios_and_a_Roadmap_for_India_upload.pdf\T1\textquoteright 
https://backend.orbit.dtu.dk/ws/portalfiles/portal/104752085/Electric_Vehicle_Scenarios_and_a_Roadmap_for_India_upload.pdf\T1\textquoteright 
http://doi.org/10.1016/j.jclepro.2016.05.111
https://jmkresearch.com/wp-content/uploads/2022/01/EV-Monthly-Update_Dec-21_final-1.pdf
https://jmkresearch.com/wp-content/uploads/2022/01/EV-Monthly-Update_Dec-21_final-1.pdf
http://doi.org/10.3390/su13031319
http://doi.org/10.1016/j.matpr.2020.07.729
http://www.ncbi.nlm.nih.gov/pubmed/32837924
http://doi.org/10.1007/s40032-020-00607-1
http://doi.org/10.35940/ijrte.E5850.018520
http://doi.org/10.1016/j.tranpol.2020.08.008
http://doi.org/10.1016/j.tranpol.2020.10.003
http://doi.org/10.1063/1.4944966
http://doi.org/10.17863/CAM.46312
http://doi.org/10.1016/j.rser.2017.05.086
http://doi.org/10.1002/2050-7038.12607
http://doi.org/10.1016/j.rser.2017.05.092

Energies 2022, 15, 5230 32 of 40

21.

22.

23.

24.

25.

26.

27.
28.

29.
30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Al-Imran, S.; Fuad, M.; Ahmed, T.; Ali, M.; Maruf, N.I. Optimization of Distributed Energy Resources to Balance Power Supply
and Demand in a Smart Grid. In Proceedings of the 2015 3rd International Conference on Green Energy and Technology (ICGET),
Dhaka, Bangladesh, 11 September 2015; pp. 1-5. [CrossRef]

Greenhouse Gas Emissions Factsheet: India. Available online: https://www.climatelinks.org/resources/greenhouse-gas-
emissions-factsheet-india (accessed on 1 July 2022).

Hungerford, Z.; Bruce, A.; MacGill, I. The value of flexible load in power systems with high renewable energy penetration. Energy
2019, 188, 115960. [CrossRef]

Van Bockstael, S. The persistence of informality: Perspectives on the future of artisanal mining in Liberia. Futures 2014, 62, 10-20.
[CrossRef]

Damodaran, D.; Bangwal, A. Addressing the challenges to electric vehicle adoption via sharing economy: An Indian perspective.
Manag. Environ. Qual. Int. . 2021, 32, 82-99.

Navalagund, N.; Mahantshetti, S.; Nulkar, G. Factors influencing purchase intention towards E-vehicles among the Potential
Indian consumers—A study on Karnataka region. J. Soc. Sci. 2020, 23, 551-563. [CrossRef]

Manocha, P. A study on an automobile revolution and future of electric cars in India. Int. ]. Manag. 2020, 11, 107-113.

NITI Ayog. India Leaps Ahead: Transformative Mobility Solutions for All. Z. Arztl. Fortbild. 2017, 90, 8-16. Available online:
https:/ /rmi.org/wp-content/uploads/2017/05/NITI_RMI_India_Mobility_Report_2017.pdf (accessed on 14 July 2022).

Singh, J.S. The Motor Vehicle Act 1988: A Critical Evaluation. Int. . Innov. Res. Adv. Stud. 2018, 5, 308-312.

Alagh, YK. India 2020. J. Quant. Econ. 2006, 4, 1-14. [CrossRef]

Mathew, T. Strategic Clash for Ultra Mega Power Projects in India, International Conference on Management and Information
Systems. 2022. Available online: http:/ /www.icmis.net/icmis16/ICMIS16CD/pdf/S117.pdf (accessed on 14 July 2022).
Putrus, G.A.; Suwanapingkarl, P,; Johnston, D.; Bentley, E.C.; Narayana, M. Impact of Electric Vehicles on Power Distribution
Networks. In Proceedings of the IEEE Vehicle Power and Propulsion Conference, Dearborn, MI, USA, 7-10 September 2009.
[CrossRef]

Mustafa, M.A.; Zhang, N.; Kalogridis, G.; Fan, Z. Smart Electric Vehicle Charging: Security Analysis. In Proceedings of the
IEEE PES Innovative Smart Grid Technologies Conference (ISGT 2013), Washington, DC, USA, 24-27 February 2013; pp. 1-6.
[CrossRef]

Hu, J.; Morais, H.; Sousa, T.; Lind, M. Electric vehicle fleet management in smart grids: A review of services, optimization and
control aspects. Renew. Sustain. Energy Rev. 2016, 56, 1207-1226. [CrossRef]

Weckx, S.; Driesen, J. Load balancing with {EV} chargers and {PV} inverters in unbalanced distribution grids. IEEE Trans. Sustain.
Energy 2015, 6, 635-643. [CrossRef]

Yan, Q.; Kezunovic, M. Impact Analysis of Electric Vehicle Charging on Distribution System. In Proceedings of the North
American Power Symposium (NAPS), Champaign, IL, USA, 9-11 September 2012. Available online: https://smartgridcenter.
engr.tamu.edu/resume/pdf/cnf/2012NAPS_QinYan.pdf (accessed on 14 July 2022).

Yong, J.Y.; Ramachandaramurthy, V.K,; Tan, K.M.; Mithulananthan, N. A review on the state-of-the-art technologies of electric
vehicle, its impacts and prospects. Renew. Sustain. Energy Rev. 2015, 49, 365-385. [CrossRef]

Nguyen, H.V,; Jeung, Y.C.; Lee, D.C. Battery charger with small DC-link capacitors for G2V applications. In Proceedings of the
2016 IEEE International Conference on Sustainable Energy Technologies (ICSET), Hanoi, Vietnam, 14-16 November 2016.
Guille, C.; Gross, G. A conceptual framework for the vehicle-to-grid (V2G) implementation. Energy Policy 2009, 37, 4379-4390.
[CrossRef]

Rodrigues, Y.R.; Monteiro, M.R.; Monteiro, J.R.; Ribeiro, PE; Belchior, EN.; de Souza, A.Z. Impact of non-linear loads and
renewable generation on a university research building. In Proceedings of the 17th International Conference on Harmonics and
Quality of Power (ICHQP), Belo Horizonte, Brazil, 16—-19 October 2016.

Khalid, M.R.; Alam, M.S.; Sarwar, A.; Asghar, M.S.]. A Comprehensive review on electric vehicles charging infrastructures and
their impacts on power-quality of the utility grid. eTransportation 2019, 1, 100006. [CrossRef]

Viatkin, A.; Hammami, M.; Grandi, G.; Ricco, M. Analysis of a Three-Phase Four-Leg Front-End Converter for {EV} Chargers
with Balanced and Unbalanced Grid Currents. In Proceedings of the IECON 2019-45th Annual Conference of the IEEE Industrial
Electronics Society, Lisbon, Portugal, 14-17 October 2019; Volume 1, pp. 3442-3449. [CrossRef]

Nguyen, V.-L.; Tran-Quoc, T.; Bacha, S. Harmonic Distortion Mitigation for Electric Vehicle Fast Charging Systems. In Proceedings
of the 2013 IEEE Grenoble Conference, Grenoble, France, 16-20 June 2013. [CrossRef]

Grigsby, L.L. Power System Stability and Control, 1st ed.; CRC Press: Boca Raton, FL, USA, 2007; p. 360. [CrossRef]

Kimbark, E.-W. Power System Stability; John Wiley & Sons: Hoboken, NJ, USA, 1995; Volume 1, p. 40.

Mets, K.; Verschueren, T.; Haerick, W.; Develder, C.; de Turck, F. Optimizing Smart Energy Control Strategies for Plug-In Hybrid
Electric Vehicle Charging. In Proceedings of the 2010 IEEE/IFIP Network Operations and Management Symposium Workshops,
Osaka, Japan, 19-23 April 2010. [CrossRef]

Habib, S.; Khan, M.M.; Abbas, E; Tang, H. Assessment of electric vehicles concerning impacts, charging infrastructure with
unidirectional and bidirectional chargers, and power flow comparisons. Int. ]. Energy Res. 2018, 42, 3416-3441. [CrossRef]
Singh, M. India’s shift from mass transit to {MaaS} transit: Insights from Kochi. Transp. Res. Part A Policy Pract. 2020, 131, 219-227.
[CrossRef]


http://doi.org/10.1109/ICGET.2015.7315081
https://www.climatelinks.org/resources/greenhouse-gas-emissions-factsheet-india
https://www.climatelinks.org/resources/greenhouse-gas-emissions-factsheet-india
http://doi.org/10.1016/j.energy.2019.115960
http://doi.org/10.1016/j.futures.2014.02.004
http://doi.org/10.13140/RG.2.2.28103.11686
https://rmi.org/wp-content/uploads/2017/05/NITI_RMI_India_Mobility_Report_2017.pdf
http://doi.org/10.1007/BF03404634
http://www.icmis.net/icmis16/ICMIS16CD/pdf/S117.pdf
http://doi.org/10.1109/VPPC.2009.5289760
http://doi.org/10.1109/ISGT.2013.6497830
http://doi.org/10.1016/j.rser.2015.12.014
http://doi.org/10.1109/TSTE.2015.2402834
https://smartgridcenter.engr.tamu.edu/resume/pdf/cnf/2012NAPS_QinYan.pdf
https://smartgridcenter.engr.tamu.edu/resume/pdf/cnf/2012NAPS_QinYan.pdf
http://doi.org/10.1016/j.rser.2015.04.130
http://doi.org/10.1016/j.enpol.2009.05.053
http://doi.org/10.1016/j.etran.2019.100006
http://doi.org/10.1109/IECON.2019.8926791
http://doi.org/10.1109/PTC.2013.6652435
http://doi.org/10.1201/9781420009248
http://doi.org/10.1109/NOMSW.2010.5486561
http://doi.org/10.1002/er.4033
http://doi.org/10.1016/j.tra.2019.09.037

Energies 2022, 15, 5230 33 of 40

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Gode, P; Bieker, G.; Bandivadekar, A. Battery Capacity Needed to Power Electric Vehicles in India from 2020 to 2035. Int. Counc.
Clean Transp. 2021, 1-16. Available online: https:/ /theicct.org/sites/default/files /publications / Battery-capacity-ev-india-feb202
1.pdf (accessed on 14 July 2022).

Gupta, S.; Saini, P. Electric Mobility in India: Potential and Policy Imperatives. 2018. Available online: https://www.toi.no/
getfile.php /1348408-1530776004 / Publikasjoner /Paper%?20on%?20electric%20mobility %20%20Prof %20SG%20%20PS%20%?2
0Jan%202018.pdf (accessed on 1 July 2022).

Aayog, N.; Laemel, R.; Kulkarni, I. Mobilizing Finance for EVs in India. 2021. Available online: https://rmi.org/insight/
mobilizing-finance-for-evs-in-india/ (accessed on 21 June 2022).

G.S.R. 192(E) Amendments in RVSF on 10-03-2022; pp. 1-26. Available online: https://morth.nic.in/sites/default/files/circulars_
document/G.S.R.%20192(E)%20Amendments%20in%20RVSF%200n%2010-03-2022.pdf (accessed on 21 June 2022).

Bossche, P.V.D. Electric vehicle charging infrastructure. In Electric and Hybrid Vehicles; Elsevier: Amsterdam, The Netherlands,
2010; pp. 517-543; ISBN 978-0-444-53565-8. [CrossRef]

Aayog, B.Y.N. A Toolkit of Solutions to Mitigate Risks and Address Market Barriers Mobilising Finance for EVs in India. 2021.
Available online: https://static.psa.gov.in/psa-prod/publication/RMI-EVreport-VF_28_1_21.pdf (accessed on 16 June 2022).
Mahajan, R.D. To Study the Factors Influencing Preferences of Home Buyers in Pune City. J. Manag. Entrep. 2022, 211, 21-28.
Mohanty, P.; Kotak, Y. 11—Electric Vehicles: Status and Roadmap for India. In Electric Vehicles: Prospects and Challenges; Muneer, T.,
Kolhe, M.L.,, Doyle, A., Eds.; Elsevier: Amsterdam, The Netherlands, 2017; pp. 387-414. [CrossRef]

Weiller, C.; Shang, T.; Neely, A.; Shi, Y. Competing and co-existing business models for EV: Lessons from international case
studies. Int. J. Automot. Technol. Manag. 2015, 15, 126. [CrossRef]

Das, S.; Sasidharan, C.; Ray, A. Charging India’s Transport a Guide for Planning Public Charging. 2020. Available on-
line: https://www.researchgate.net/publication/352312098_CHARGING_INDIA%27S5_TWO-AND_THREE-WHEELER _
TRANSPORT_A_Guide_for_Planning_Charging_Infrastructure_for_Two-and_Three-Wheeler_Fleets_in_Indian_Cities_
CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_-A_Guid?channel=doi&linkld=60c32777a6fdcc2e6
131ac4b&showFulltext=true (accessed on 1 July 2022).

Harikumar, A.; Thakur, P. Assessing the Impact and Cost-Effectiveness of Electric Vehicle Subsidy in India. J. Resour. Energy Dev.
2020, 16, 55-66. [CrossRef]

Shrimali, G. Getting to India’s electric vehicle targets cost-effectively: To subsidize or not, and how? Energy Policy 2021, 156, 112384.
[CrossRef]

Mehta, D. The E-Vehicle Industry in India: A Policy Analysis. Available online: https:/ /aviskaar.sxccal.edu/Aviskaar/Aviskaar2
021_Paper4.pdf (accessed on 1 July 2022).

Goel, P; Sharma, N.; Mathiyazhagan, K.; Vimal, K. Government is trying but consumers are not buying: A barrier analysis for
electric vehicle sales in India. Sustain. Prod. Consum. 2021, 28, 71-90. [CrossRef]

Bhue, G.; Prabhala, N.; Tantri, P.L. Can Small Business Lending Programs Disincentivize Growth? Evidence from India’s Priority
Sector Lending Program. SSRN Electron. J. 2019, 1-55. [CrossRef]

Ghosh, K. Green initiatives by banking sector in India. Eurasian |. Manag. Soc. Sci. 2020, 38—47. [CrossRef]

Government Launches YUVA—Prime Minister’s Scheme for Mentoring Young Authors. Available online: https://pib.gov.in/
PressReleasePage.aspx?PRID=1722644 (accessed on 1 July 2022).

De Rubens, G.Z.; Noel, L.; Sovacool, B.K. Dismissive and deceptive car dealerships create barriers to electric vehicle adoption at
the point of sale. Nat. Energy 2018, 3, 501-507. [CrossRef]

Kotilainen, K.; Makinen, S.J.; Valta, J. Sustainable Electric Vehicle—Prosumer Framework and Policy Mix. In Proceedings of the
IEEE Innovative Smart Grid Technologies Asia, Auckland, New Zealand, 4-7 December 2017; pp. 1-6. [CrossRef]

Ahmadi, L.; Young, S.B.; Fowler, M.; Fraser, R.A.; Achachlouei, M.A. A cascaded life cycle: Reuse of electric vehicle lithium-ion
battery packs in energy storage systems. Int. J. Life Cycle Assess 2017, 22, 111-124. [CrossRef]

Schmid, R.; Pillot, C.; Thielmann, A.; Bardt, H. 1. Introduction to Energy Storage: Market Analysis, Raw Materials, Recycling,
New Concepts. In Electrochemical Storage Materials; De Gruyter: Berlin, Germany, 2018; pp. 1-16. [CrossRef]

Vidhi, R.; Shrivastava, P. A review of electric vehicle lifecycle emissions and policy recommendations to increase {EV} penetration
in India. Energies 2018, 11, 483. [CrossRef]

Bakre, A.; Pandita, S.; Tripathi, D. Evolution of Electric Vehicle Charging & Energy Storage Infrastructure in India. In Proceedings
of the IEEE 17th India Council International Conference (INDICON), New Delhi, India, 10-13 December 2020; pp. 1-7. [CrossRef]
Dhar, S.; Pathak, M.; Shukla, P.R. Transformation of India’s transport sector under global warming of 2 {C} and 1.5 {C} scenario.
J. Clean. Prod. 2018, 172, 417-427. [CrossRef]

Naik, B.N.; Reddy, M.M.; Kanungo, S.; Kar, S.S. Speed detection device in preventing road traffic accidents: A realistic approach
in India! . Fam. Med. Prim. Care 2016, 5, 741-742.

Samiksha, K.; Balachandran, V.S. A Framework for Smart Transportation Using Big Data. In Proceedings of the International
Conference on {ICT} in Business Industry, Indore, India, 18-19 November 2016; pp. 1-3. [CrossRef]

Momoh, J.A. Smart Grid Design for Efficient and Flexible Power Networks Operation and Control. In Proceedings of the
IEEE/PES Power Systems Conference and Exposition, Seattle, WA, USA, 15-18 March 2009; pp. 1-8. [CrossRef]

Erden, F; Kisacikoglu, M.C.; Erdogan, N. Adaptive {V2G} peak shaving and smart charging control for grid integration of {PEVs}.
Electr. Power Compon. Syst. 2019, 46, 1494-1508. [CrossRef]


https://theicct.org/sites/default/files/publications/Battery-capacity-ev-india-feb2021.pdf
https://theicct.org/sites/default/files/publications/Battery-capacity-ev-india-feb2021.pdf
https://www.toi.no/getfile.php/1348408-1530776004/Publikasjoner/Paper%20on%20electric%20mobility%20%20Prof%20SG%20%20PS%20%20Jan%202018.pdf
https://www.toi.no/getfile.php/1348408-1530776004/Publikasjoner/Paper%20on%20electric%20mobility%20%20Prof%20SG%20%20PS%20%20Jan%202018.pdf
https://www.toi.no/getfile.php/1348408-1530776004/Publikasjoner/Paper%20on%20electric%20mobility%20%20Prof%20SG%20%20PS%20%20Jan%202018.pdf
https://rmi.org/insight/mobilizing-finance-for-evs-in-india/
https://rmi.org/insight/mobilizing-finance-for-evs-in-india/
https://morth.nic.in/sites/default/files/circulars_document/G.S.R.%20192(E)%20Amendments%20in%20RVSF%20on%2010-03-2022.pdf
https://morth.nic.in/sites/default/files/circulars_document/G.S.R.%20192(E)%20Amendments%20in%20RVSF%20on%2010-03-2022.pdf
http://doi.org/10.1016/B978-0-444-53565-8.00020-8
https://static.psa.gov.in/psa-prod/publication/RMI-EVreport-VF_28_1_21.pdf
http://doi.org/10.1016/B978-0-12-803021-9.00011-2
http://doi.org/10.1504/IJATM.2015.068543
https://www.researchgate.net/publication/352312098_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_A_Guide_for_Planning_Charging_Infrastructure_for_Two-and_Three-Wheeler_Fleets_in_Indian_Cities_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_-A_Guid?channel=doi&linkId=60c32777a6fdcc2e6131ac4b&showFulltext=true
https://www.researchgate.net/publication/352312098_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_A_Guide_for_Planning_Charging_Infrastructure_for_Two-and_Three-Wheeler_Fleets_in_Indian_Cities_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_-A_Guid?channel=doi&linkId=60c32777a6fdcc2e6131ac4b&showFulltext=true
https://www.researchgate.net/publication/352312098_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_A_Guide_for_Planning_Charging_Infrastructure_for_Two-and_Three-Wheeler_Fleets_in_Indian_Cities_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_-A_Guid?channel=doi&linkId=60c32777a6fdcc2e6131ac4b&showFulltext=true
https://www.researchgate.net/publication/352312098_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_A_Guide_for_Planning_Charging_Infrastructure_for_Two-and_Three-Wheeler_Fleets_in_Indian_Cities_CHARGING_INDIA%27S_TWO-AND_THREE-WHEELER_TRANSPORT_-A_Guid?channel=doi&linkId=60c32777a6fdcc2e6131ac4b&showFulltext=true
http://doi.org/10.3233/RED-160202
http://doi.org/10.1016/j.enpol.2021.112384
https://aviskaar.sxccal.edu/Aviskaar/Aviskaar2021_Paper4.pdf
https://aviskaar.sxccal.edu/Aviskaar/Aviskaar2021_Paper4.pdf
http://doi.org/10.1016/j.spc.2021.03.029
http://doi.org/10.2139/ssrn.2960598
http://doi.org/10.23918/ejmss.v1i4p38
https://pib.gov.in/PressReleasePage.aspx?PRID=1722644
https://pib.gov.in/PressReleasePage.aspx?PRID=1722644
http://doi.org/10.1038/s41560-018-0152-x
http://doi.org/10.1109/ISGT-ASIA.2017.8378406
http://doi.org/10.1007/s11367-015-0959-7
http://doi.org/10.1515/9783110493986-001
http://doi.org/10.3390/en11030483
http://doi.org/10.1109/INDICON49873.2020.9342306
http://doi.org/10.1016/j.jclepro.2017.10.076
http://doi.org/10.1109/ICTBIG.2016.7892720
http://doi.org/10.1109/PSCE.2009.4840074
http://doi.org/10.1080/15325008.2018.1489435

Energies 2022, 15, 5230 34 of 40

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Foreman, J.C. Architecture for Intelligent Power Systems Management. Ph.D. Thesis, University of Louisville, Louisville, KY,
USA, 2011; p. 449. [CrossRef]

Shepherd, S.; Bonsall, P.; Harrison, G. Factors affecting future demand for electric vehicles: A model based study. Transp. Policy
2012, 20, 62-74. [CrossRef]

Adegbohun, F,; von Jouanne, A.; Lee, K. Autonomous battery swapping system and methodologies of electric vehicles. Energies
2019, 12, 667. [CrossRef]

Taheri, P.; Bahrami, M. Temperature rise in prismatic polymer lithium-ion batteries: An analytic approach. SAE Int. |. Passeng.
Cars Electron. Electr. Syst. 2012, 5, 164-176. [CrossRef]

Hatzell, K.B.; Sharma, A.; Fathy, HK. A Survey of Long-Term Health Modeling, Estimation, and Control of Lithium-Ion
Batteries: Challenges and Opportunities. In Proceedings of the 2012 American Control Conference (ACC), Montreal, QC, Canada,
27-29 June 2012; pp. 584-591. [CrossRef]

Alhazmi, Y.A.; Salama, M.M. Economical staging plan for implementing electric vehicle charging stations. Sustain. Energy Grids
Networks 2017, 10, 12-25. [CrossRef]

Saharan, S.; Bawa, S.; Kumar, N. Dynamic pricing techniques for Intelligent Transportation System in smart cities: A systematic
review. Comput. Commun. 2020, 150, 603-625. [CrossRef]

Lopez, K.L.; Gagne, C.; Gardner, M.-A. Demand-Side Management Using Deep Learning for Smart Charging of Electric Vehicles.
IEEE Trans. Smart Grid 2019, 10, 2683-2691. [CrossRef]

Upadhyayula, V.K.; Parvatker, A.G.; Baroth, A.; Shanmugam, K. Lightweighting and electrification strategies for improving
environmental performance of passenger cars in India by 2030: A critical perspective based on life cycle assessment. J. Clean.
Prod. 2019, 209, 1604-1613. [CrossRef]

Haddadian, G.; Khodayar, M.; Shahidehpour, M. Accelerating the Global Adoption of Electric Vehicles: Barriers and Drivers.
Electr. ]. 2015, 28, 53-68. [CrossRef]

Singh, M.; Kumar, P; Kar, I. Analysis of vehicle to Grid concept in Indian scenario. In Proceedings of the 14th International Power
Electronics and Motion Control Conference EPE-PEMC 2010, Ohrid, Macedonia, 6-8 September 2010. [CrossRef]

Alsharif, A.; Tan, C.W.; Ayop, R.; Dobi, A.; Lau, K.Y. A comprehensive review of energy management strategy in Vehicle-to-Grid
technology integrated with renewable energy sources. Sustain. Energy Technol. Assess. 2021, 47, 101439. [CrossRef]

Farhadi, P; Tafreshi, S.M.M. Charging stations for electric vehicles; A comprehensive review on planning, operation, configura-
tions, codes and standards, challenges and future research directions. Smart Sci. 2021, 1-33. [CrossRef]

Sankaran, G.; Venkatesan, S.; Prabhahar, M. Range Anxiety on electric vehicles in India -Impact on customer and factors
influencing range Anxiety. Mater. Today Proc. 2020, 33, 895-901. [CrossRef]

Gupta, V,; Kumar, R.; Panigrahi, B.K. Electric Vehicle Charging Management—Battery Charging vs. Swapping in Densely
Populated Environments. IEEE Smart Grid Newsl. 2019, 2-5. Available online: https://smartgrid.ieee.org/bulletins/october-20
19/electric-vehicle-charging-management-battery-charging-vs-swapping-in-densely-populated-environments (accessed on
14 July 2022).

Kushwah, P.; Tomer, D.N. Electric vehicle adoption in India: A study based on system dynamic approach. SAMVAD 2021, 22, 41.
[CrossRef]

Khalid, M.R; Khan, I.A.; Hameed, S.; Asghar, M.S.].; Ro, ].-S. A Comprehensive Review on Structural Topologies, Power Levels,
Energy Storage Systems, and Standards for Electric Vehicle Charging Stations and Their Impacts on Grid. IEEE Access 2021, 9,
128069-128094. [CrossRef]

Nayak, P.S.R.; Kamalapathi, K.; Laxman, N.; Tyagi, V.K. Design and Simulation of {BUCK-BOOST} Type Dual Input {DC-DC}
Converter for Battery Charging Application in Electric Vehicle. In Proceedings of the International Conference on Sustainable
Energy and Future Electric Transportation (SEFET), Hyderabad, India, 21-23 January 2021. [CrossRef]

Indalkar, S.S.; Sabnis, A. Comparison of {AC-DC} Converter Topologies used for Battery Charging in Electric Vehicle. In Proceed-
ings of the 2019 2nd International Conference on Intelligent Computing, Instrumentation and Control Technologies (ICICICT),
Kannur, India, 5-6 July 2019. [CrossRef]

Xue, P; Xiang, Y.; Gou, J.; Xu, W,; Sun, W,; Jiang, Z.; Jawad, S.; Zhao, H.; Liu, ]. Impact of Large-Scale Mobile Electric Vehicle
Charging in Smart Grids: A Reliability Perspective. Front. Energy Res. 2021, 9, 241. [CrossRef]

Ruan, L.; Guo, S.; Qiu, X.; Buyya, R. Fog computing for smart grids: Challenges and solutions. In Electric Vehicle Integration in a
Smart Microgrid Environment; CRC Press: Boca Raton, FL, USA, 2021; pp. 7-31.

Monteiro, V.; Afonso, J.; Ferreira, J.; Afonso, J. Vehicle electrification: New challenges and opportunities for smart grids. Energies
2018, 12, 118. [CrossRef]

Ali, S.S.; Choi, B.J. State-of-the-Art Artificial Intelligence Techniques for Distributed Smart Grids: A Review. Electronics 2020,
9,1030. [CrossRef]

Ahmadi, A.; Tavakoli, A.; Jamborsalamati, P.; Rezaei, N.; Miveh, M.R.; Gandoman, FH.; Heidari, A.; Nezhad, A.E. Power quality
improvement in smart grids using electric vehicles: A review. IET Electr. Syst. Transp. 2019, 9, 53-64. [CrossRef]

Kolokotsa, D.; Kampelis, N.; Mavrigiannaki, A.; Gentilozzi, M.; Paredes, F.; Montagnino, F.; Venezia, L. On the integration of the
energy storage in smart grids: Technologies and applications. Energy Storage 2019, 1, e50. [CrossRef]

Shahzad, U. Smart Grid and Electric Vehicle: Overview and Case Study. J. Electr. Eng. Electron. Control. Comput. Sci. 2022, 8, 1-6.


http://doi.org/10.18297/etd/449
http://doi.org/10.1016/j.tranpol.2011.12.006
http://doi.org/10.3390/en12040667
http://doi.org/10.4271/2012-01-0334
http://doi.org/10.1016/j.egypro.2017.03.931
http://doi.org/10.1016/j.segan.2017.02.001
http://doi.org/10.1016/j.comcom.2019.12.003
http://doi.org/10.1109/TSG.2018.2808247
http://doi.org/10.1016/j.jclepro.2018.11.153
http://doi.org/10.1016/j.tej.2015.11.011
http://doi.org/10.1109/EPEPEMC.2010.5606641
http://doi.org/10.1016/j.seta.2021.101439
http://doi.org/10.1080/23080477.2021.2003947
http://doi.org/10.1016/j.matpr.2020.06.423
https://smartgrid.ieee.org/bulletins/october-2019/electric-vehicle-charging-management-battery-charging-vs-swapping-in-densely-populated-environments
https://smartgrid.ieee.org/bulletins/october-2019/electric-vehicle-charging-management-battery-charging-vs-swapping-in-densely-populated-environments
http://doi.org/10.53739/samvad/2021/v22/157528
http://doi.org/10.1109/ACCESS.2021.3112189
http://doi.org/10.13052/dgaej2156-3306.3714
http://doi.org/10.1109/ICICICT46008.2019.8993306
http://doi.org/10.3389/fenrg.2021.688034
http://doi.org/10.3390/en12010118
http://doi.org/10.3390/electronics9061030
http://doi.org/10.1049/iet-est.2018.5023
http://doi.org/10.1002/est2.50

Energies 2022, 15, 5230 35 of 40

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Allahvirdizadeh, Y.; Moghaddam, M.P,; Shayanfar, H. A survey on cloud computing in energy management of the smart grids.
Int. Trans. Electr. Energy Syst. 2019, 29, e12094. [CrossRef]

Ryssdal, M. Blockchain Technology Implementation for Electric Vehicle Charging within the Smart Grid Architecture Model.
Master’s Thesis, Norwegian University of Science and Technology, Trondheim, Norway, 2019.

Porumb, R.; Seritan, G. Integration of Advanced Technologies for Efficient Operation of Smart Grids. In Green Energy Advances;
IntechOpen: London, UK, 2019. [CrossRef]

Preetha, PK.; Poornachandran, P. Electric Vehicle Scenario in India: Roadmap, Challenges and Opportunities. In Proceedings of
the 2019 International Conference on Electrical, Computer and Communication Technologies, Coimbatore, India, 20-22 February
2019. [CrossRef]

Ghatikar, G.; Ahuja, A ; Pillai, R.K. Battery electric vehicle global adoption practices and distribution grid impacts: A preliminary
case study for Delhi, India. Technol. Econ. Smart Grids Sustain. Energy 2017, 2, 19. [CrossRef]

Sachan, S.; Deb, S.; Singh, PP,; Alam, M.S.; Shariff, S.M. A comprehensive review of standards and best practices for utility grid
integration with electric vehicle charging stations. Wiley Interdiscip. Rev. Energy Environ. 2021, 11, e424. [CrossRef]

Das, S.; Deb, S. Vehicle-Grid Integration a New Frontier for Electric Mobility in India. 2020. Available online: http://www.
indiaenvironmentportal.org.in/files/file /Electric%20Mobility%20In%20India.pdf (accessed on 16 June 2022).

Mahmud, K.; Town, G.E.; Morsalin, S.; Hossain, M.]. Integration of electric vehicles and management in the internet of energy.
Renew. Sustain. Energy Rev. 2018, 82, 4179-4203. [CrossRef]

Mahmud, K.; Khan, B.; Ravishankar, ].; Ahmadi, A.; Siano, P. An internet of energy framework with distributed energy resources,
prosumers and small-scale virtual power plants: An overview. Renew. Sustain. Energy Rev. 2020, 127, 109840. [CrossRef]
Shahinzadeh, H.; Moradi, J.; Gharehpetian, G.B.; Nafisi, H.; Abedi, M. Internet of Energy ({IoE}) in Smart Power Sys-
tems. In Proceedings of the 2019 5th Conference on Knowledge Based Engineering and Innovation (KBEI), Tehran, Iran,
28 February-1 March 2019. [CrossRef]

Savari, G.F,; Krishnasamy, V.; Sathik, J.; Ali, Z.; Aleem, S.H.A. Internet of Things based real-time electric vehicle load forecasting
and charging station recommendation. ISA Trans. 2020, 97, 431-447. [CrossRef]

Lee, R.; Brown, S. Social & locational impacts on electric vehicle ownership and charging profiles. Energy Rep. 2021, 7, 42-48.
Chen, C.-F,; de Rubens, G.Z.; Noel, L.; Kester, J.; Sovacool, B.K. Assessing the socio-demographic, technical, economic and
behavioral factors of Nordic electric vehicle adoption and the influence of vehicle-to-grid preferences. Renew. Sustain. Energy Rev.
2020, 121, 109692. [CrossRef]

Capuder, T.; Spré¢i¢, D.M.; Zorici¢, D.; PandZzi¢, H. Review of challenges and assessment of electric vehicles integration policy
goals: Integrated risk analysis approach. Int. J. Electr. Power Energy Syst. 2020, 119, 105894. [CrossRef]

Noel, L.; de Rubens, G.; Kester, J.; Sovacool, B.K. Understanding the socio-technical nexus of Nordic electric vehicle ({EV}) barriers:
A qualitative discussion of range, price, charging and knowledge. Energy Policy 2020, 138, 111292. [CrossRef]

Xiong, Y.; Wang, B.; Chu, C.-C.; Gadh, R. Vehicle grid integration for demand response with mixture user model and decentralized
optimization. Appl. Energy 2018, 231, 481-493. [CrossRef]

Amamra, S.-A.; Marco, ]. Vehicle-to-Grid Aggregator to Support Power Grid and Reduce Electric Vehicle Charging Cost. IEEE
Access 2019, 7, 178528-178538. [CrossRef]

Ma, C.-T. System Planning of Grid-Connected Electric Vehicle Charging Stations and Key Technologies: A Review. Energies 2019,
12, 4201. [CrossRef]

Mahfouz, M.M,; Iravani, M.R. Grid-integration of battery-enabled {DC} fast charging station for electric vehicles. IEEE Trans.
Energy Convers. 2020, 35, 375-385. [CrossRef]

Kucevic, D.; Englberger, S.; Sharma, A.; Trivedi, A.; Tepe, B.; Schachler, B.; Hesse, H.; Srinivasan, D.; Jossen, A. Reducing grid
peak load through the coordinated control of battery energy storage systems located at electric vehicle charging parks. Appl.
Energy 2021, 295, 116936. [CrossRef]

Schoen, A. Considering Control Approaches for Electric Vehicle Charging in Grid Planning. In Proceedings of the ETG Congress,
online, 18-19 March 2021; pp. 1-6.

Farooq, Z.; Rahman, A.; Lone, S.A. Load frequency control of multi-source electrical power system integrated with solar-thermal
and electric vehicle. Int. Trans. Electr. Energy Syst. 2021, 31, €12918. [CrossRef]

Heredia, W.B.; Chaudhari, K.; Meintz, A.; Jun, M.; Pless, S. Evaluation of smart charging for electric vehicle-to-building integration:
A case study. Appl. Energy 2020, 266, 114803. [CrossRef]

Tuchnitz, E; Ebell, N.; Schlund, J.; Pruckner, M. Development and Evaluation of a Smart Charging Strategy for an Electric Vehicle
Fleet Based on Reinforcement Learning. Appl. Energy 2021, 285, 116382. [CrossRef]

Lee, Z.].; Lee, G.; Lee, T,; Jin, C; Lee, R.; Low, Z.; Chang, D.; Ortega, C.; Low, S.H. Adaptive Charging Networks: A Framework
for Smart Electric Vehicle Charging. IEEE Trans. Smart Grid 2021, 12, 4339-4350. [CrossRef]

Frendo, O.; Gaertner, N.; Stuckenschmidt, H. Improving smart charging prioritization by predicting electric vehicle departure
time. IEEE Trans. Intell. Transp. Syst. 2021, 22, 6646—6653. [CrossRef]

Frendo, O.; Gaertner, N.; Stuckenschmidt, H. Open Source Algorithm for Smart Charging of Electric Vehicle Fleets. IEEE Trans.
Ind. Inform. 2021, 17, 6014-6022. [CrossRef]


http://doi.org/10.1002/2050-7038.12094
http://doi.org/10.5772/intechopen.83570
http://doi.org/10.1109/ICECCT.2019.8869479
http://doi.org/10.1007/s40866-017-0034-5
http://doi.org/10.1002/wene.424
http://www.indiaenvironmentportal.org.in/files/file/Electric%20Mobility%20In%20India.pdf
http://www.indiaenvironmentportal.org.in/files/file/Electric%20Mobility%20In%20India.pdf
http://doi.org/10.1016/j.rser.2017.11.004
http://doi.org/10.1016/j.rser.2020.109840
http://doi.org/10.1109/KBEI.2019.8735086
http://doi.org/10.1016/j.isatra.2019.08.011
http://doi.org/10.1016/j.rser.2019.109692
http://doi.org/10.1016/j.ijepes.2020.105894
http://doi.org/10.1016/j.enpol.2020.111292
http://doi.org/10.1016/j.apenergy.2018.09.139
http://doi.org/10.1109/ACCESS.2019.2958664
http://doi.org/10.3390/en12214201
http://doi.org/10.1109/TEC.2019.2945293
http://doi.org/10.1016/j.apenergy.2021.116936
http://doi.org/10.1002/2050-7038.12918
http://doi.org/10.1016/j.apenergy.2020.114803
http://doi.org/10.1016/j.apenergy.2020.116382
http://doi.org/10.1109/TSG.2021.3074437
http://doi.org/10.1109/TITS.2020.2988648
http://doi.org/10.1109/TII.2020.3038144

Energies 2022, 15, 5230 36 of 40

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.
142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Ramadhani, U.H.; Fachrizal, R.; Shepero, M.; Munkhammar, J.; Widén, J. Probabilistic load flow analysis of electric vehicle smart
charging in unbalanced {LV} distribution systems with residential photovoltaic generation. Sustain. Cities Soc. 2021, 72, 103043.
[CrossRef]

Crozier, C.; Morstyn, T.; McCulloch, M. The opportunity for smart charging to mitigate the impact of electric vehicles on
transmission and distribution systems. Appl. Energy 2020, 268, 114973. [CrossRef]

Lagomarsino, M.; van der Kam, M.; Parra, D.; Hahnel, U.J. Do I need to charge right now? Tailored choice architecture design can
increase preferences for electric vehicle smart charging. Energy Policy 2022, 162, 112818. [CrossRef]

Tang, Q.; Xie, M.; Yang, K.; Luo, Y.; Zhou, D.; Song, Y. A Decision Function Based Smart Charging and Discharging Strategy for
Electric Vehicle in Smart Grid. Mob. Networks Appl. 2019, 24, 1722-1731. [CrossRef]

Chen, M.; Ma, X.; Chen, B.; Arsenault, R.; Karlson, P.; Simon, N.; Wang, Y. Recycling End-of-Life Electric Vehicle Lithium-Ion
Batteries. Joule 2019, 3, 2622-2646. [CrossRef]

Slattery, M.; Dunn, J.; Kendall, A. Transportation of electric vehicle lithium-ion batteries at end-of-life: A literature review. Resour.
Conserv. Recycl. 2021, 174, 105755. [CrossRef]

Beaudet, A.; Larouche, F.; Amouzegar, K.; Bouchard, P.; Zaghib, K. Key Challenges and Opportunities for Recycling Electric
Vehicle Battery Materials. Sustainability 2020, 12, 5837. [CrossRef]

Skeete, J.-P.; Wells, P.; Dong, X.; Heidrich, O.; Harper, G. Beyond the {EVent} horizon: Battery waste, recycling, and sustainability
in the United Kingdom electric vehicle transition. Energy Res. Soc. Sci. 2020, 69, 101581. [CrossRef]

Ban, M.; Zhang, Z.; Li, C,; Li, Z,; Liu, Y. Optimal scheduling for electric vehicle battery swapping-charging system based on
nanogrids. Int. J. Electr. Power Energy Syst. 2021, 130, 106967. [CrossRef]

Lutsey, N.; Nicholas, M. Update on electric vehicle costs in the United States through 2030. Int. Counc. Clean Transp. 2019,
1-12. Available online: https:/ /theicct.org/sites/default/files /publications/EV_cost_2020_2030_20190401.pdf (accessed on
14 July 2022).

Ryu, H.-H.; Sun, H.H.; Myung, S.-T.; Yoon, C.S.; Sun, Y.-K. Reducing cobalt from lithium-ion batteries for the electric vehicle era.
Energy Environ. Sci. 2021, 14, 844-852. [CrossRef]

Szumska, E.; Jurecki, R. Parameters Influencing on Electric Vehicle Range. Energies 2021, 14, 4821. [CrossRef]

Miri, I.; Fotouhi, A.; Ewin, N. Electric vehicle energy consumption modelling and estimation—A case study. Int. ]. Energy Res.
2021, 45, 501-520. [CrossRef]

Mao, L.; Fotouhi, A.; Shateri, N.; Ewin, N. A multi-mode electric vehicle range estimator based on driving pattern recognition.
Proc. Inst. Mech. Eng. Part C 2022, 236, 2677-2697. [CrossRef]

Xu, M,; Yang, H.; Wang, S. Mitigate the range anxiety: Siting battery charging stations for electric vehicle drivers. Transp. Res. Part
C Emerg. Technol. 2020, 114, 164-188. [CrossRef]

Morlock, E,; Rolle, B.; Bauer, M.; Sawodny, O. Forecasts of Electric Vehicle Energy Consumption Based on Characteristic Speed
Profiles and Real-Time Traffic Data. IEEE Trans. Veh. Technol. 2020, 69, 1404-1418. [CrossRef]

Lee, C. An exact algorithm for the electric-vehicle routing problem with nonlinear charging time. J. Oper. Res. Soc. 2021, 72,
1461-1485. [CrossRef]

O’Neill, E.; Moore, D.; Kelleher, L.; Brereton, F. Barriers to electric vehicle uptake in Ireland: Perspectives of car-dealers and
policy-makers. Case Stud. Transp. Policy 2019, 7, 118-127. [CrossRef]

Wappelhorst, S.; Hall, D.; Nicholas, M.; Ltsey, N. Analyzing Policies to Grow the Electric Vehicle Market in European Cities. Int.
Counc. Clean Transp. 2020, 1-43. Available online: https://theicct.org/sites/default/files/publications/EV_city_policies_white_
paper_fv_20200224.pdf (accessed on 14 July 2022).

Krishna, G. Understanding and identifying barriers to electric vehicle adoption through thematic analysis. Transp. Res. Interdiscip.
Perspect. 2021, 10, 100364. [CrossRef]

Kumar, R.R.; Alok, K. Adoption of electric vehicle: A literature review and prospects for sustainability. J. Clean. Prod. 2020,
253,119911. [CrossRef]

Adhikari, M.; Ghimire, L.P; Kim, Y.; Aryal, P.; Khadka, S.B. Identification and Analysis of Barriers against Electric Vehicle Use.
Sustainability 2020, 12, 4850. [CrossRef]

Collin, R.; Miao, Y.; Yokochi, A.; Enjeti, P; von Jouanne, A. Advanced Electric Vehicle Fast-Charging Technologies. Energies 2019,
12, 1839. [CrossRef]

De Rubens, G.Z.; Noel, L.; Kester, J.; Sovacool, B.K. The market case for electric mobility: Investigating electric vehicle business
models for mass adoption. Energy 2020, 194, 116841. [CrossRef]

Statharas, S.; Moysoglou, Y.; Siskos, P.; Zazias, G.; Capros, P. Factors influencing electric vehicle penetration in the {EU} by 2030:
A model-based policy assessment. Energies 2019, 12, 2739. [CrossRef]

De Rubens, G. Who will buy electric vehicles after early adopters? Using machine learning to identify the electric vehicle
mainstream market. Energy 2019, 172, 243-254. [CrossRef]

Pagany, R.; Camargo, L.R.; Dorner, W. A review of spatial localization methodologies for the electric vehicle charging infrastructure.
Int. ]. Sustain. Transp. 2019, 13, 433—449. [CrossRef]

Chen, T.; Zhang, X.P; Wang, J.; Li, J.; Wu, C.; Hu, M; Bian, H. A review on electric vehicle charging infrastructure development in
the {UK]}. J. Mod. Power Syst. Clean Energy 2020, 8, 193-205. [CrossRef]


http://doi.org/10.1016/j.scs.2021.103043
http://doi.org/10.1016/j.apenergy.2020.114973
http://doi.org/10.1016/j.enpol.2022.112818
http://doi.org/10.1007/s11036-018-1049-4
http://doi.org/10.1016/j.joule.2019.09.014
http://doi.org/10.1016/j.resconrec.2021.105755
http://doi.org/10.3390/su12145837
http://doi.org/10.1016/j.erss.2020.101581
http://doi.org/10.1016/j.ijepes.2021.106967
https://theicct.org/sites/default/files/publications/EV_cost_2020_2030_20190401.pdf
http://doi.org/10.1039/D0EE03581E
http://doi.org/10.3390/en14164821
http://doi.org/10.1002/er.5700
http://doi.org/10.1177/09544062211032994
http://doi.org/10.1016/j.trc.2020.02.001
http://doi.org/10.1109/TVT.2019.2957536
http://doi.org/10.1080/01605682.2020.1730250
http://doi.org/10.1016/j.cstp.2018.12.005
https://theicct.org/sites/default/files/publications/EV_city_policies_white_paper_fv_20200224.pdf
https://theicct.org/sites/default/files/publications/EV_city_policies_white_paper_fv_20200224.pdf
http://doi.org/10.1016/j.trip.2021.100364
http://doi.org/10.1016/j.jclepro.2019.119911
http://doi.org/10.3390/su12124850
http://doi.org/10.3390/en12101839
http://doi.org/10.1016/j.energy.2019.116841
http://doi.org/10.3390/en12142739
http://doi.org/10.1016/j.energy.2019.01.114
http://doi.org/10.1080/15568318.2018.1481243
http://doi.org/10.35833/MPCE.2018.000374

Energies 2022, 15, 5230 37 of 40

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Ou, S; Lin, Z.; He, X.; Przesmitzki, S.; Bouchard, J. Modeling charging infrastructure impact on the electric vehicle market in
China. Transp. Res. Part D Transp. Environ. 2020, 81, 102248. [CrossRef]

Lee, J.H.; Chakraborty, D.; Hardman, S.J.; Tal, G. Exploring electric vehicle charging patterns: Mixed usage of charging
infrastructure. Transp. Res. Part D Transp. Environ. 2020, 79, 102249. [CrossRef]

Kumar, R.R.; Chakraborty, A.; Mandal, P. Promoting electric vehicle adoption: Who should invest in charging infrastructure?
Transp. Res. Part E Logist. Trans. Rev. 2021, 149, 102295. [CrossRef]

Nazari, F; Mohammadian, A.; Stephens, T. Modeling electric vehicle adoption considering a latent travel pattern construct and
charging infrastructure. Transp. Res. Part D Transp. Environ. 2019, 72, 65-82. [CrossRef]

Hoke, A.; Brissette, A.; Smith, K.; Pratt, A.; Maksimovic, D. Accounting for Lithium-Ion Battery Degradation in Electric Vehicle
Charging Optimization. IEEE |. Emerg. Sel. Top. Power Electron. 2014, 2, 691-700. [CrossRef]

Smith, T.; Garcia, J.; Washington, G. Smart Electric Vehicle Charging via Adjustable Real-Time Charging Rates. Appl. Sci. 2021,
11, 10962. [CrossRef]

Khan, R.; Gowtham, B.; Akash, A.S.; Electrical, S.B.E. Smart electric vehicle. In Proceedings of the 2019 5th International
Conference on Advanced Computing & Communication Systems (ICACCS), Coimbatore, India, 15-16 March 2019. [CrossRef]
Tusova, A.; Romanova, E.; Strielkowski, W. Smart Grids as the Leading Concept in the Internet of Energy ({IoE}). In Proceedings
of the 4th International Conference on Social, Business, and Academic Leadership (ICSBAL 2019), Prague, Czech Republic,
21-22 June 2019; pp. 238-243. [CrossRef]

Priyan, M.K; Devi, G.U. A survey on internet of vehicles: Applications, technologies, challenges and opportunities. Int. . Adv.
Intell. Parad. 2019, 12, 98. [CrossRef]

Yang, Y.; Zhang, B.; Wang, W.; Wang, M.; Peng, X. Development Pathway and Practices for Integration of Electric Vehicles and
Internet of Energy. In Proceedings of the 2020 IEEE Sustainable Power and Energy Conference (iSPEC), Chengdu, China, 23-25
November 2020; pp. 2128-2134. [CrossRef]

Raboaca, M.S.; Bizon, N.; Thounthong, P. Intelligent charging station in {5G} environments: Challenges and perspectives. Int. J.
Energy Res. 2021, 45, 16418-16435. [CrossRef]

Lata, M.; Kumar, V. Internet of Energy {IoE} Applications for Smart Cities. In Internet of Energy for Smart Cities, 1st ed.; CRC Press:
Boca Raton, 2021; pp. 127-144. ISBN 9781003047315.

Hache, E.; Seck, G.S.; Simoen, M.; Bonnet, C.; Carcanague, S. Critical raw materials and transportation sector electrification:
A detailed bottom-up analysis in world transport. Appl. Energy 2019, 240, 6-25. [CrossRef]

Egbue, O.; Long, S.; Kim, S.D. Resource Availability and Implications for the Development of Plug-In Electric Vehicles. Sustain-
ability 2022, 14, 1665. [CrossRef]

Digalwar, A.K,; Thomas, R.G.; Rastogi, A. Evaluation of Factors for Sustainable Manufacturing of Electric Vehicles in India. Proc.
CIRP 2021, 98, 505-510. [CrossRef]

Nguyen, R.T.; Eggert, R.G.; Severson, M.H.; Anderson, C.G. Global Electrification of Vehicles and Intertwined Material Supply
Chains of Cobalt, Copper and Nickel. Resour. Conserv. Recycl. 2021, 167, 105198. [CrossRef]

Sen, B.; Onat, N.C.; Kucukvar, M.; Tatari, O. Material footprint of electric vehicles: A multiregional life cycle assessment. J. Clean.
Prod. 2019, 209, 1033-1043. [CrossRef]

Valero, A.; Valero, A.; Calvo, G.; Ortego, A. Material bottlenecks in the future development of green technologies. Renew. Sustain.
Energy Rev. 2018, 93, 178-200. [CrossRef]

Zeng, X.; Li, M.; Abd El-Hady, D.; Alshitari, W.; Al-Bogami, A.S.; Lu, J.; Amine, K. Commercialization of Lithium Battery
Technologies for Electric Vehicles. Adv. Energy Mater. 2019, 9, 1900161. [CrossRef]

Hofmann, M.; Hofmann, H.; Hageliiken, C.; Hool, A. Critical raw materials: A perspective from the materials science community.
Sustain. Mater. Technol. 2018, 17, €00074. [CrossRef]

Zhili, D.; Boqgiang, L.; Chunxu, G. Development path of electric vehicles in China under environmental and energy security
constraints. Resour. Conserv. Recycl. 2019, 143, 17-26. [CrossRef]

Zhgulev, E.; Bozhuk, S.; Evdokimov, K.; Pletneva, N. Analysis of barriers to promotion of electric cars on Russian market. Eng.
Rural. Dev. 2018, 17,2110-2117.

Hou, R;; Lei, L.; Jin, K,; Lin, X.; Xiao, L. Introducing electric vehicles? Impact of network effect on profits and social welfare.
Energy 2022, 243, 123002. [CrossRef]

Sousa, T.; Hashemi, S.; Andersen, P.B. Raising the potential of a local market for the reactive power provision by electric vehicles
in distribution grids. IET Gener. Transm. Distrib. 2019, 13, 2446-2454. [CrossRef]

Wang, N.; Tang, L.; Pan, H. Analysis of public acceptance of electric vehicles: An empirical study in Shanghai. Technol. Forecast.
Soc. Chang. 2018, 126, 284-291. [CrossRef]

Zhuk, A.; Buzoverov, E. The impact of electric vehicles on the outlook of future energy system. IOP Conf. Ser. Mater. Sci. Eng.
2018, 315, 012032. [CrossRef]

Liu, R.; Ding, Z; Jiang, X.; Sun, J.; Jiang, Y.; Qiang, W. How does experience impact the adoption willingness of battery electric
vehicles? The role of psychological factors. Environ. Sci. Pollut. Res. 2020, 27, 25230-25247. [CrossRef] [PubMed]

Choubey, PK.; Chung, K.-S.; Kim, M.-S,; Lee, J.-C.; Srivastava, R.R. Advance review on the exploitation of the prominent
energy-storage element Lithium. Part II: From sea water and spent lithium ion batteries (LIBs). Miner. Eng. 2017, 110, 104-121.
[CrossRef]


http://doi.org/10.1016/j.trd.2020.102248
http://doi.org/10.1016/j.trd.2020.102249
http://doi.org/10.1016/j.tre.2021.102295
http://doi.org/10.1016/j.trd.2019.04.010
http://doi.org/10.1109/JESTPE.2014.2315961
http://doi.org/10.3390/app112210962
http://doi.org/10.1109/ICACCS.2019.8728534
http://doi.org/10.2991/icsbal-19.2019.41
http://doi.org/10.1504/IJAIP.2019.096957
http://doi.org/10.1109/iSPEC50848.2020.9351103
http://doi.org/10.1002/er.6889
http://doi.org/10.1016/j.apenergy.2019.02.057
http://doi.org/10.3390/su14031665
http://doi.org/10.1016/j.procir.2021.01.142
http://doi.org/10.1016/j.resconrec.2020.105198
http://doi.org/10.1016/j.jclepro.2018.10.309
http://doi.org/10.1016/j.rser.2018.05.041
http://doi.org/10.1002/aenm.201900161
http://doi.org/10.1016/j.susmat.2018.e00074
http://doi.org/10.1016/j.resconrec.2018.12.007
http://doi.org/10.1016/j.energy.2021.123002
http://doi.org/10.1049/iet-gtd.2018.5947
http://doi.org/10.1016/j.techfore.2017.09.011
http://doi.org/10.1088/1757-899X/315/1/012032
http://doi.org/10.1007/s11356-020-08834-w
http://www.ncbi.nlm.nih.gov/pubmed/32342430
http://doi.org/10.1016/j.mineng.2017.04.008

Energies 2022, 15, 5230 38 of 40

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.
197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

Lih, W.-C,; Yen, ].-H.; Shieh, F-H.; Liao, Y.-M. Second Use of Retired Lithium-Ion Battery Packs from Electric Vehicles: Technologi-
cal challenges, cost analysis and optimal business model. In Proceedings of the 2012 International Symposium on Computer,
Consumer and Control, Taichung, Taiwan, 4-6 June 2012. [CrossRef]

Bhalla, P; Professor, A.; Salamah, I.; Professor, A.A.; Nazneen, A. A Study of Consumer Perception and Purchase Intention of
Electric Vehicles. Eur. J. Sci. Res. 2018, 149, 362-368. Available online: http://www.europeanjournalofscientificresearch.com
(accessed on 12 July 2022).

Raslavitius, L.; Azzopardi, B.; Ker8ys, A.; Starevi¢ius, M.; Bazaras, 7.; Makaras, R. Electric vehicles challenges and opportunities:
Lithuanian review. Renew. Sustain. Energy Rev. 2015, 42, 786-800. [CrossRef]

Coffin, D.; Horowitz, J. The supply chain for electric vehicle batteries. J. Int. Com. Econ. 2018. Available online: https:
/ /www.usitc.gov/publications /332 /journals/the_supply_chain_for_electric_vehicle_batteries.pdf (accessed on 14 July 2022).
Anderson, R.D.; Zane, R.; Plett, G.; Maksimovic, D.; Smith, K.; Trimboli, M.S. Life Balancing—A Better Way to Balance Large Batteries;
No. 2017-01-1210; SAE Technical Paper; SAE International: Warrendale, PA, USA, 2017. [CrossRef]

Arias, M.B.; Bae, S. Electric vehicle charging demand forecasting model based on big data technologies. Appl. Energy 2016, 183,
327-339. [CrossRef]

Tayarani, H.; Jahangir, H.; Nadafianshahamabadi, R.; Aliakbar Golkar, M.; Ahmadian, A.; Elkamel, A. Optimal charging of
plug-in electric vehicle: Considering travel behavior uncertainties and battery degradation. Appl. Sci. 2019, 9, 3420. [CrossRef]
Bibak, B.; Tekiner-Mogulkog, H. A comprehensive analysis of Vehicle to Grid ({V2G}) systems and scholarly literature on the
application of such systems. Renew. Energy Focus 2021, 36, 1-20. [CrossRef]

Enang, W.; Bannister, C. Modelling and control of hybrid electric vehicles (A comprehensive review). Renew. Sustain. Energy Rev.
2017, 74, 1210-1239. [CrossRef]

Guttikunda, S.K.; Goel, R.; Pant, P. Nature of air pollution, emission sources, and management in the Indian cities. Atmos. Environ.
2014, 95, 501-510. [CrossRef]

Juul, N.; Meibom, P. Optimal configuration of an integrated power and transport system. Energy 2011, 36, 3523-3530. [CrossRef]
Richardson, B. Electric vehicles and the electric grid: A review of modeling approaches, Impacts, and renewable energy integration.
Renew. Sustain. Energy Rev. 2013, 19, 247-254. [CrossRef]

Bai, S.; Liu, C. Overview of energy harvesting and emission reduction technologies in hybrid electric vehicles. Renew. Sustain.
Energy Rev. 2021, 147, 111188. [CrossRef]

Sovacool, B.K.; Axsen, J.; Kempton, W. The future promise of vehicle-to-grid ({V2G}) integration: A sociotechnical review and
research agenda. Annu. Rev. Environ. Resour. 2017, 42, 377-406. [CrossRef]

Al-Ghussain, L.; Ahmad, A.D.; Abubaker, A.M.; Mohamed, M.A. An integrated photovoltaic/wind/biomass and hybrid energy
storage systems towards 100% renewable energy microgrids in university campuses. Sustain. Energy Technol. Assess. 2021, 46,
101273. [CrossRef]

Korolko, N.; Sahinoglu, Z. Robust optimization of {EV} charging schedules in unregulated electricity markets. IEEE Trans. Smart
Grid 2017, 8, 149-157. [CrossRef]

Koufakis, A.-M.; Rigas, E.S.; Bassiliades, N.; Ramchurn, S.D. Towards an Optimal {EV} Charging Scheduling Scheme with
{V2G} and {V2V} Energy Transfer. In Proceedings of the 2016 IEEE International Conference on Smart Grid Communications
(SmartGridComm), Sydney, Australia, 6-9 November 2016. [CrossRef]

Gough, R; Dickerson, C.; Rowley, P.; Walsh, C. Vehicle-to-grid feasibility: A techno-economic analysis of EV-based energy storage.
Appl. Energy 2017, 192, 12-23. [CrossRef]

Xiong, Y.; An, B.; Kraus, S. Electric vehicle charging strategy study and the application on charging station placement. Auton.
Agents Multi-Agent Syst. 2021, 35, 3. [CrossRef]

Datta, U.; Saiprasad, N.; Kalam, A.; Shi, J.; Zayegh, A. A price-regulated electric vehicle charge-discharge strategy for {G2V},
{V2H}, and {V2G}. Int. ]. Energy Res. 2019, 43, 1032-1042. [CrossRef]

Majidpour, M.; Qiu, C.; Chu, P;; Pota, H.R.; Gadh, R. Forecasting the {EV} charging load based on customer profile or station
measurement? Appl. Energy 2016, 163, 134-141. [CrossRef]

Zheng, Y.; Song, Y.; Hill, D.J.; Meng, K. Online distributed {MPC-based} optimal scheduling for {EV} charging stations in
distribution systems. IEEE Trans. Ind. Inform. 2019, 15, 638-649. [CrossRef]

Di Giorgio, A.; Liberati, F.; Canale, S. Electric vehicles charging control in a smart grid: A model predictive control approach.
Control Eng. Pract. 2014, 22, 147-162. [CrossRef]

Latifi, M.; Khalili, A.; Rastegarnia, A.; Sanei, S. A Bayesian real-time electric vehicle charging strategy for mitigating renewable
energy fluctuations. IEEE Trans. Ind. Inform. 2019, 15, 2555-2568. [CrossRef]

Bracale, A.; Caramia, P.; Carpinelli, G.; Di Fazio, A.R.; Varilone, P. A Bayesian-Based Approach for a Short-Term Steady-State
Forecast of a Smart Grid. IEEE Trans. Smart Grid 2013, 4, 1760-1771. [CrossRef]

Ding, N.; Benoit, C.; Foggia, G.; Besanger, Y.; Wurtz, F. Neural Network-Based Model Design for Short-Term Load Forecast in
Distribution Systems. IEEE Trans. Power Syst. 2016, 31, 72-81. [CrossRef]

Deng, Z.; Wang, B.; Xu, Y.; Xu, T.; Liu, C.; Zhu, Z. Multi-scale convolutional neural network with time-cognition for multi-step
short-term load forecasting. IEEE Access 2019, 7, 88058-88071. [CrossRef]

Tang, X.; Dai, Y.; Wang, T.; Chen, Y. Short-term power load forecasting based on multi-layer bidirectional recurrent neural
network. IET Gener. Transm. Distrib. 2019, 13, 3847-3854. [CrossRef]


http://doi.org/10.1109/IS3C.2012.103
http://www.europeanjournalofscientificresearch.com
http://doi.org/10.1016/j.rser.2014.10.076
https://www.usitc.gov/publications/332/journals/the_supply_chain_for_electric_vehicle_batteries.pdf
https://www.usitc.gov/publications/332/journals/the_supply_chain_for_electric_vehicle_batteries.pdf
http://doi.org/10.4271/2017-01-1210
http://doi.org/10.1016/j.apenergy.2016.08.080
http://doi.org/10.3390/app9163420
http://doi.org/10.1016/j.ref.2020.10.001
http://doi.org/10.1016/j.rser.2017.01.075
http://doi.org/10.1016/j.atmosenv.2014.07.006
http://doi.org/10.1016/j.energy.2011.03.058
http://doi.org/10.1016/j.rser.2012.11.042
http://doi.org/10.1016/j.rser.2021.111188
http://doi.org/10.1146/annurev-environ-030117-020220
http://doi.org/10.1016/j.seta.2021.101273
http://doi.org/10.1109/TSG.2015.2472597
http://doi.org/10.1109/SmartGridComm.2016.7778778
http://doi.org/10.1016/j.apenergy.2017.01.102
http://doi.org/10.1007/s10458-020-09484-5
http://doi.org/10.1002/er.4330
http://doi.org/10.1016/j.apenergy.2015.10.184
http://doi.org/10.1109/TII.2018.2812755
http://doi.org/10.1016/j.conengprac.2013.10.005
http://doi.org/10.1109/TII.2018.2866267
http://doi.org/10.1109/TSG.2012.2231441
http://doi.org/10.1109/TPWRS.2015.2390132
http://doi.org/10.1109/ACCESS.2019.2926137
http://doi.org/10.1049/iet-gtd.2018.6687

Energies 2022, 15, 5230 39 of 40

214.

215.

216.

217.
218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

Xu, T.-S.; Chiang, H.-D.; Liu, G.-Y,; Tan, C.-W. Hierarchical K-means Method for Clustering Large-Scale Advanced Metering
Infrastructure Data. IEEE Trans. Power Deliv. 2017, 32, 609-616. [CrossRef]

Zhang, W.; Quan, H.; Srinivasan, D. An Improved Quantile Regression Neural Network for Probabilistic Load Forecasting. IEEE
Trans. Smart Grid 2019, 10, 4425-4434. [CrossRef]

Rafique, S.; Nizami, M.S.H.; Irshad, U.B.; Hossain, M.].; Mukhopadhyay, S.C. {EV} scheduling framework for peak demand
management in {LV} residential networks. IEEE Syst. . 2022, 16, 1520-1528. [CrossRef]

Thiruvonasundari, K. Electric vehicle battery modelling methods based on state of charge—Review. J. Green Eng. 2020, 10, 24-61.
Li, S.; Ke, B. Study of Battery Modeling Using Mathematical and Circuit Oriented Approaches. In Proceedings of the 2011 IEEE
Power and Energy Society General Meeting, Detroit, MI, USA, 24-28 July 2011; pp. 1-8. [CrossRef]

Kumar, ] K.; Kumar, S.; Nandakumar, V.S. Standards for electric vehicle charging stations in India: A review. Energy Storage 2022,
4,e261. [CrossRef]

Tan, K.M.; Ramachandaramurthy, VK.; Yong, ].Y. Integration of electric vehicles in smart grid: A review on vehicle to grid
technologies and optimization techniques. Renew. Sustain. Energy Rev. 2016, 53, 720-732. [CrossRef]

Baek, J.; Vu, Q.H.; Liu, ] K,; Huang, X.; Xiang, Y. A Secure Cloud Computing Based Framework for Big Data Information
Management of Smart Grid. IEEE Trans. Cloud Comput. 2015, 3, 233-244. [CrossRef]

Ajao, A.; Pourbabak, H.; Su, W. Operating Cost Optimization of Interconnected Nanogrids Considering Bidirectional Ef-
fect of {V2G} and {V2H}. In Proceedings of the 2017 North American Power Symposium (NAPS), Morgantown, WV, USA,
17-19 September 2017. [CrossRef]

Davis, B.M.; Bradley, T.H. The Efficacy of Electric Vehicle Time-of-Use Rates in Guiding Plug-in Hybrid Electric Vehicle Charging
Behavior. IEEE Trans. Smart Grid 2012, 3, 1679-1686. [CrossRef]

Schoch, J.; Gaerttner, J.; Schuller, A.; Setzer, T. Enhancing electric vehicle sustainability through battery life optimal charging.
Transp. Res. Part B Methodol. 2018, 112, 1-18. [CrossRef]

Lasseter, R.H.; Paigi, P. Microgrid: A Conceptual Solution. In Proceedings of the 2004 IEEE 35th Annual Power Electronics
Specialists Conference (IEEE Cat. No.04CH37551), Aachen, Germany, 20-25 June 2004; Volume 6, pp. 4285-4290. [CrossRef]
Sbordone, D.; Bertini, I; di Pietra, B.; Falvo, M.C.; Genovese, A.; Martirano, L. {EV} fast charging stations and energy storage
technologies: A real implementation in the smart micro grid paradigm. Electr. Power Syst. Res. 2015, 120, 96-108. [CrossRef]
Valtierra-Rodriguez, M.; Romero-Troncoso, R.D.].; Osornio-Rios, R.A.; Garcia-Perez, A. Detection and Classification of Single and
Combined Power Quality Disturbances Using Neural Networks. IEEE Trans. Ind. Electron. 2014, 61, 2473-2482. [CrossRef]

Ng, K.-S.; Huang, Y.-F.; Moo, C.-S; Hsieh, Y.-C. An Enhanced Coulomb Counting Method for Estimating State-Of-Charge and
State-Of-Health of Lead-Acid Batteries. In Proceedings of the INTELEC 2009-31st International Telecommunications Energy
Conference, Incheon, Korea, 18-22 October 2009. [CrossRef]

Salvatti, G.; Carati, E.; Cardoso, R.; da Costa, J.; Stein, C. Electric vehicles energy management with {V2G/G2V} multifactor
optimization of smart grids. Energies 2020, 13, 1191. [CrossRef]

Shortt, A.; O’'Malley, M. Quantifying the Long-Term Impact of Electric Vehicles on the Generation Portfolio. IEEE Trans. Smart
Grid 2014, 5, 71-83. [CrossRef]

Nikolaos, G.; Paterakis, M.; Santarelli, M. Optimizing the operation of energy storage using a non-linear lithium-ion battery
degradation model. Appl. Energy 2020, 261, 114360. [CrossRef]

Lam, A.Y.S,; Leung, K.-C.; Li, V.O.K. Capacity Estimation for Vehicle-to-Grid Frequency Regulation Services With Smart Charging
Mechanism. IEEE Trans. Smart Grid 2016, 7, 156-166. [CrossRef]

Das, H.S.; Rahman, M.M.; Li, S.; Tan, C.W. Electric vehicles standards, charging infrastructure, and impact on grid integration:
A technological review. Renew. Sustain. Energy Rev. 2020, 120, 109618. [CrossRef]

Jain, P; Jain, T. Application of {V2G} and {G2V} coordination of aggregated electric vehicle resource in load levelling. Int. J. Emerg.
Electr. Power Syst. 2018, 19, 1-4. [CrossRef]

Jain, P; Das, A ; Jain, T. Aggregated electric vehicle resource modelling for regulation services commitment in power grid. Sustain.
Cities Soc. 2019, 45, 439-450. [CrossRef]

Wang, J.; Chen, Q.; Cao, B. Support vector machine based battery model for electric vehicles. Energy Convers. Manag. 2006, 47,
858-864. [CrossRef]

Zhang, Y.; Huang, Y,; Chen, Z.; Li, G.; Liu, Y. A Novel Learning-Based Model Predictive Control Strategy for Plug-In Hybrid
Electric Vehicle. IEEE Trans. Transp. Electrif. 2022, 8, 23-35. [CrossRef]

Moravej, Z.; Abdoos, A.A.; Pazoki, M. Detection and Classification of Power Quality Disturbances Using Wavelet Transform and
Support Vector Machines. Electr. Power Components Syst. 2009, 38, 182-196. [CrossRef]

Khokhar, S.; Zin, A.M.; Mokhtar, A.S.; Ismail, N.M.; Zareen, N. Automatic classification of power quality disturbances: A review.
In Proceedings of the 2013 IEEE Student Conference on Research and Development, Putrajaya, Malaysia, 16-17 December 2013;
pp. 427-432. [CrossRef]

Thirumala, K.; Umarikar, A.C.; Jain, T. A New Classification Model Based on {SVM]} for Single and Combined Power Quality
Disturbances. In Proceedings of the National Power Systems Conference (NPSC), Bhubaneswar, India, 19-21 December 2016;
pp. 1-6. [CrossRef]

Thirumala, K.; Umarikar, A.C.; Jain, T. Estimation of Single-Phase and Three-Phase Power-Quality Indices Using Empirical
Wavelet Transform. IEEE Trans. Power Deliv. 2015, 30, 445-454. [CrossRef]


http://doi.org/10.1109/TPWRD.2015.2479941
http://doi.org/10.1109/TSG.2018.2859749
http://doi.org/10.1109/JSYST.2021.3068004
http://doi.org/10.1109/PES.2011.6039230
http://doi.org/10.1002/est2.261
http://doi.org/10.1016/j.rser.2015.09.012
http://doi.org/10.1109/TCC.2014.2359460
http://doi.org/10.1109/NAPS.2017.8107364
http://doi.org/10.1109/TSG.2012.2205951
http://doi.org/10.1016/j.trb.2018.03.016
http://doi.org/10.1109/PESC.2004.1354758
http://doi.org/10.1016/j.epsr.2014.07.033
http://doi.org/10.1109/TIE.2013.2272276
http://doi.org/10.1016/j.apenergy.2008.11.021
http://doi.org/10.3390/en13051191
http://doi.org/10.1109/TSG.2013.2286353
http://doi.org/10.1016/j.apenergy.2019.114360
http://doi.org/10.1109/TSG.2015.2436901
http://doi.org/10.1016/j.rser.2019.109618
http://doi.org/10.1515/ijeeps-2017-0170
http://doi.org/10.1016/j.scs.2018.11.046
http://doi.org/10.1016/j.enconman.2005.06.013
http://doi.org/10.1109/TTE.2021.3069924
http://doi.org/10.1080/15325000903273387
http://doi.org/10.1109/SCOReD.2013.7002625
http://doi.org/10.1109/NPSC.2016.7858889
http://doi.org/10.1109/TPWRD.2014.2355296

Energies 2022, 15, 5230 40 of 40

242.

243.

244.

245.

246.

247.

Brinkel, N.B.G.; Gerritsma, M.K.; AlSkaif, T.A.; Lampropoulos, I.; van Voorden, A.M.; Fidder, H.A.; van Sark, W.G.]J. Impact of
rapid {PV} fluctuations on power quality in the low-voltage grid and mitigation strategies using electric vehicles. Int. J. Electr.
Power Energy Syst. 2020, 118, 105741. [CrossRef]

Das, J. Comparative life cycle {GHG} emission analysis of conventional and electric vehicles in India. Environ. Dev. Sustain. 2022.
[CrossRef]

Murnane, M.; Ghazel, A. A Closer Look at State of Charge (SOC) and State of Health (SOH) Estimation Techniques for Batteries.
Available online: https://www.analog.com/media/en/technical-documentation/technical-articles/a-closer-look-at-state-of-
charge-and-state-health-estimation-techniques.pdf (accessed on 14 July 2022).

Huber, D.; de Clerck, Q.; de Cauwer, C.; Sapountzoglou, N.; Coosemans, T.; Messagie, M. Vehicle to Grid Impacts on the Total
Cost of Ownership for Electric Vehicle Drivers. World Electr. Veh. ]. 2021, 12, 236. [CrossRef]

Guo, J; Yang, J.; Lin, Z.; Serrano, C.; Cortes, A.M. Impact Analysis of V2G Services on EV Battery Degradation—A Review.
In Proceedings of the 2019 IEEE Milan PowerTech, Milano, Italy, 23-27 June 2019. [CrossRef]

Lopes, ]J.A.P; Soares, E]J.; Almeida, PM.R. Integration of Electric Vehicles in the Electric Power System. Proc. IEEE 2010, 99,
168-183. [CrossRef]


http://doi.org/10.1016/j.ijepes.2019.105741
http://doi.org/10.1007/s10668-021-01990-0
https://www.analog.com/media/en/technical-documentation/technical-articles/a-closer-look-at-state-of-charge-and-state-health-estimation-techniques.pdf
https://www.analog.com/media/en/technical-documentation/technical-articles/a-closer-look-at-state-of-charge-and-state-health-estimation-techniques.pdf
http://doi.org/10.3390/wevj12040236
http://doi.org/10.1109/PTC.2019.8810982
http://doi.org/10.1109/JPROC.2010.2066250

	Introduction 
	Highlights of the Paper 
	Paper Structure 

	Decentralized Distributed Generation in India 
	The Impact of Electric Vehicles on India’s Grid Capacity 
	Load Profile and Requirement of System Components 
	Phase Unbalance and Voltage Profile 
	Harmonics and Stability 

	Achieving Financial Stability in Decentralized Infrastructure 
	Subsidies in Loan Interest Rates 
	Priority Sector Lending (PSL) Certificates 
	Product Guarantees and Warranties 
	Development of Secondary Market 
	Other Schemes for Purchasing EV and Demand Creation 

	Intelligent Smart Power Grids to Support Electric Vehicle Charging 
	An Overview of Benefits and Challenges in EV Fleet Penetration to Markets: Global Context 
	Market Barriers 
	Technical Barriers 
	Charging Infrastructure and Battery Recycling 

	Electric Vehicle Modelling Approaches 
	Lifecycle Emission Model 
	Economic Model 
	Load Forecasting and Maximum Demand Model 
	Battery Smart Charging Model 
	Smart Charging Schedule Strategy and Quadratic Optimization Model for EV Connected to Grids 
	Real-Time Optimized EMS Model for Electric Vehicles with Smart Charging Modes in the Power Grid 

	Vehicle to Grid (Thermal and Energy Management) Model 
	Aggregated EV Resource Modelling for Load Levelling and Regulation in Power Grids 
	An SVM-Based Model for Mitigating Power Quality (PQ) Disturbances in V2G Infrastructure 


	Conclusions and Future Scope 
	References

