Journal of Harbin Engineering University
ISSN: 1006-7043

Vol 44 No. 9
September 2023

Evaluating the Environmental and Economic Benefits of Electric and Hybrid
Vehicles in Renewable Energy Grids

Anand Kishorbhai Patel
(1. Mechanical Engineer, Mechanical and Energy Engineering Department, University of North Texas, USA)

Abstract- This study investigates the economic and environmental effects of adding electric and hybrid

vehicles (EHVs) to renewable energy systems. Findings show that EHVs with renewable energy sources

significantly lower greenhouse gas emissions while also improving air quality. Their economic viability is

increased by supportive policies and falling battery prices. Stable grid operations are dependent upon efficient

grid integration, intelligent charging infrastructure, as well as battery storage solutions. The strategic

application of EHV should be encouraged, and creative finance structures alongside extensive awareness

efforts are also advised. Future studies ought to concentrate on long-term effect evaluation, improved grid

technology, as well as sociological aspects affecting the adoption of EHV.
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I. Chapter 1: Introduction

1.1 Research background

The transportation industry makes a substantial
contribution to greenhouse gas emissions and
environmental deterioration[1]. The adoption of
electric and hybrid vehicles (EHVs) constitutes a
fundamental shift in light of the need for
immediate action to mitigate climate change as
well as the worldwide push for sustainable
development. The main goal of this study is to
evaluate the financial and environmental effects of
adding EHVs to renewable energy systems. Due to
its potential to lower greenhouse gas emissions
alongside reliance on fossil fuels, EHVs have grown
in popularity. Additionally, cleaner energy
solutions are now available because of the
impressive expansion of renewable energy sources
like wind and solar power[2]. In order to better
understand whether EHVs and renewable energy
networks interact, this study looks at the extent to
which EHVs may boost environmental advantages
while promoting economic viability.

1.2 Research aim and objectives

Aims

The primary aim of this study is to thoroughly
assess the incorporation of electric and hybrid
vehicles (EHVs) into renewable energy systems.
Objectives

° To determine the environmental effect of
EHVs when they are incorporated into renewable

energy networks in terms of decreased emissions
as well as energy efficiency.

° To analyze the financial viability of
switching to EHVs within the infrastructure for
renewable energy, taking into account costs,
incentives, including market dynamics.

° To find any obstacles that would prevent
the widespread use of EHVs in renewable energy
systems.

° To examine the effects of EHV expansion
on energy management and grid stability, paying
particular attention to any problems and potential
solutions associated with grid integration, and
battery storage, including smart grid technologies.
1.3 Research Rationale

The urgent need to tackle climate change and
environmental sustainability while also fostering
economic growth is what motivates this study[3].
Considering the potential of electric and hybrid
vehicles (EHVs) in the context of renewable energy
grids is crucial since the transportation industry
contributes substantially to greenhouse gas
emissions. The premise behind this study is that
combining renewable energy and EHVs could
provide a workable solution for lowering
emissions, boosting energy security, as well as
boosting the economy[4]. This research aims to
direct company strategies, consumer preferences,
and policy options towards a greener and more
sustainable transportation future by evaluating the
environmental and economic implications.
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li. Chapter 2: Literature Review

2.1 Environmental Impact of EHVs in Renewable
Energy Grids

The combination of electric and hybrid vehicles
(EVs) into renewable energy grids has received
substantial interest due to the potential for
eliminating environmental issues connected with
traditional internal combustion engine
automobiles[5].

By enhancing the efficiency of the heat transfer in
hybrid and electric vehicle using various studies
[57, 58] Anand Patel et al. evaluates heat transfer
enhancement in vapor chamber by varying the raw
material and dimensions for Hybrid Car and [59,
60, 61, 62, 63] Patel Anand et al. [64] Thakre,
Shekhar et al. for heat exchanger or cooling tower
in various configuration which could be used as a
heat reduction device in hybrid cars. Further, there
is hybrid system thermal performance increment
of integration of solar heater and heat exchanger
in renewable systems [65, 66, 67] Patel Anand et al
along with [68, 69, 70, 71, 72, 73] Anand Patel et
al. for solar air & water heater by various
geometrical characteristics in the solar collector
renewable systems. It will help improve the
effectiveness which will help further improve the
impact of environmental and economic benefits of
electric and hybrid vehicles in renewable energy
grids.

Reduced Emissions: Numerous studies have
repeatedly shown that EHVs emit a great deal less
pollution than their petrol or diesel-powered
rivals. They primarily run on electricity, which
produces much lower greenhouse gas emissions
when it is produced from renewable resources like
wind, solar, or hydropower. According to research
by the Union of Concerned Scientists, primarily on
the electrical mix, EHVs could decrease carbon
dioxide emissions by up to 50% or more[6].

Energy Efficiency: EHVs automatically consume
less energy than conventional cars. They can do
this because to their regenerative braking systems
as well as cutting-edge powertrains, which
improve overall efficiency[7]. Studies, like those
carried out by the National Renewable Energy
Laboratory, show the extent to which more
energy-efficient EHVs are in actual driving
circumstances.
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Air Quality Improvement: EHVs help to enhance
local air quality by emitting no tailpipe emissions
in addition to reducing greenhouse gas
emissions[8]. Research from the World Health
Organizationemphasises the manner in which this
decrease in pollutants like nitrogen oxides and
particulate matter provides a direct positive
influence on wurban air quality, potentially
improving population health.

Overall Environmental Impact: Lifecycle analyses
of EHVs used in renewable energy grids show that
they have a positive general effect on the
environment[9]. Studies like the one conducted by
the International Council on Clean Transportation
take  manufacturing, battery  manufacture,
including end-of-life disposal into consideration.
These analyses demonstrate that EHVs may
significantly reduce their total environmental
impact when implemented in conjunction with

renewable energy sources[10].
‘f Energy Efficiency
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emission i

Zero tailpipe emissions

Figure 2.1.1: Advantages of EHVs

2.2 Economic Feasibility of Transitioning to EHVs in
Renewable Energy Systems

An essential component of their integration
involves determining how economically feasible it
is to make the transition to electric and hybrid
vehicles (EHVs) inside renewable energy
networks[11].

Cost Considerations: Several studies have
examined the financial effects of implementing
EHVs. Due to the cost of battery technology, EHVs
could come with greater initial purchase costs than
conventional cars. EHVs are evolving into more
cost-competitive, according to a study by the
International Energy Agency, as battery prices
continue to fall[13]. Over the course of the
vehicle's lifespan, decreased maintenance and
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operating costs will also offset the original
expenditure.

Incentives and Subsidies: Governmental incentives
and subsidies are essential in fostering the
adoption of EHV[14]. According to research,
localities that provide tax breaks, rebates, as well
as high-occupancy vehicle lanes for EHVs saw
better adoption rates. A report by the National
Renewable Energy Laboratory, for example,
highlights the significance of such measures in
fostering the expansion of the EHV industry[15].
Market Dynamics: Market factors, including
supply and demand for both cars including
charging infrastructure, have a significant impact
on the economic viability of EHVs[16]. According
to BloombergNEF research, expenses related to
EHV ownership as well as management are
anticipated to decrease further, increasing their
economic appeal, as the EHV industry matures as
well as charging infrastructure grows[17].
Economic Advantages and Challenges: Numerous
financial benefits of adopting EHV have been
discovered by research, including lower
maintenance and fuel expenses, possible energy
cost reductions, as well as employment growth in
the EHV and renewable energy industries[18]. The
necessity for sizable upfront expenditures in
charging infrastructure as well as potential grid
management expenses related to greater EHV
penetration are still issues, though.

2.3 Challenges and Barriers to Widespread EHV
Adoption in Renewable Energy

There are challenges and obstacles that stand in
the way of the widespread use of electric and
hybrid vehicles (EHVs) in renewable energy
systems. The following section offers a concise
review of the significant obstacles impeding this
integration, as well as potential fixes gathered
from previous studies[19].

Charging Infrastructure: The creation of a reliable
and extensive infrastructure for charging is a
crucial task. Studies demonstrate that the scarcity
of charging facilities, especially in rural locations,
might put off prospective purchasers of EHVs[20].
According study findings, extending charging
networks will require both public and commercial
funding.

Range Anxiety: Range anxiety, or the dread of
running out of battery power while travelling,
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continues to be a problem[21]. Although EHVs
have substantially widened their range, this notion
still prevents widespread use. According to
research from the University of California, Davis,
public education is crucial for reducing range
phobia as well as boosting customer trust in
EHVs[22].

Upfront Costs: Although EHVs could lead to in
savings in the long run, their greater prices up
front might be a deterrent. According to studies,
incentives as well as subsidies, together with
falling battery prices, could mitigate this issue and
increase the economic appeal of EHVs[23].

Grid Integration: Grid management as well as load
balancing concerns arise when integrating a
significant number of EHVs into renewable energy
systems[24]. Advanced grid technologies, including
smart grid options and demand response tactics,
could potentially be able to overcome these issues
as well as enhance EHV integration, according to
research conducted by the Electric Power
Research Institute[25].

Consumer Awareness: Adoption could be
hampered by consumers' lack of knowledge about
EHVs and their advantages. Pew Research Centre
research findings highlight the requirement for
extensive awareness initiatives to inform
consumers and debunk myths about EHVs[26].
el
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Figure 2.3.1: EVs Barriers

2.4 Impact on Grid Stability and Energy
Management

Technical considerations must be carefully
balanced when integrating electric and hybrid
vehicles (EHVs) into renewable energy networks,
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with particular attention being placed on grid
stability and energy management[27]. The major
elements that affect the seamless incorporation of
EHVs into renewable energy systems are
highlighted in this section, which explores
significant research discoveries in this area.

Grid Integration: The National Renewable Energy
Laboratory's research highlights the important
nature of grid integration techniques[28]. In order
to ensure steady grid operations, efficient
collaboration between EVs and renewable energy
sources becomes crucial. Smart charging systems
are essential for grid-friendly EHV integration
because they are capable of altering charging
schedules based on grid conditions and the
availability of renewable energy[29].

Battery Storage Solutions: Through the use of V2G
technology, EHVs with improved batteries have
the ability to assist the grid. Studies have
examined EHVs' potential to pump extra energy
back into the grid during times of peak
demand[30]. This helps to preserve grid stability as
well as gives EHV owners a new source of income.
Smart Grid Technologies:Utilising smart grid
technology is essential for achieving the best
integration of EHVs. In order to manage the energy
demand of EHVs and maintain grid stability,
research by the Electric Power Research Institute
highlights the importance of real-time data
analytics, predictive modelling, as well as demand
response systems[31].

Challenges and Solutions: With further EHV
penetration, issues like grid congestion and
voltage swings might occur. Researchers have put
forward solutions including voltage regulation
devices as well as dynamic load management
systems to solve these problems, which would
enhance grid stability and energy
management[32].
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Figure 2.4.1: Energy Management

2.5 Literature Gap

The knowledge gap in the existing research on the
adoption of electric vehicles in emerging
economies has become due to the dearth of
thorough studies that address the unique
opportunities as well as obstacles of these regions,
which makes it difficult to develop tailored
strategies and programs for sustainable electric
mobility in these kinds of contexts[33].

lii. Chapter 3: Methodology

In order to thoroughly examine both the ecological
and financial effects of connecting hybrid and
electric cars (EHVs) to energy generated from
renewable sources grids, a secondary data
gathering technique is used in this study.
Secondary data is information that already exists
as well as has been obtained from reliable sources
like databases, states, and peer-reviewed journal
papers[34]. This approach enables a thorough
understanding of the study objectives while being
both time and money-efficient for evaluating a
wide range of relevant literature.

This study follows an inductive research
methodology, beginning  with  theoretical
presumptions and hypotheses developed from a
thorough analysis of the body of current literature.
For evaluating preset assumptions about the
financial and environmental advantages of EHVs in
alternative power systems, the deduction
approach is especially useful[35]. It adds to the
research's rigor by providing an organized
framework for the study of observational data and
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the testing of hypotheses.This study's study
methodology is strictly descriptive in nature. The
economic and financial implications of integrating
EHVs into energy from renewable sources grids are
best studied and presented using a descriptive
study design[36]. It makes it possible for the
research to offer a clear, well-organized
description of its goals. The research questions can
be successfully answered by identifying
connections, trends, and patterns within the data
during the use of descriptive analysis.

This study is consistent with the interpretivism
school of thought in terms of its philosophical
foundations[37]. Interpretativism acknowledges
the importance of subjectivity as well as human
judgment in  comprehending  complicated
occurrences. It recognizes the effects of EHVs on
the natural world and the economy Grids for
energy from renewable sources have several
facets as well as are influenced by a variety of
external influences. The need to take into account
various opinions, stakeholder points of view, and
the larger socio-cultural environment is thus
emphasized by a method of interpretation when
evaluating research findings[38]. This theoretical
viewpoint enhances the research by giving a
comprehensive understanding of how EHVs and
alternative power systems interact.This study's
methodology incorporates secondary data
gathering, a deductive strategy, a descriptive
research plan, and an interpretive thinking
philosophy. With this all-encompassing strategy,
the research may delve deeply into the body of
knowledge and data already available, allowing for
a detailed assessment of the ecological and
financial advantages of EHVs in alternative energy
networks[39]. The study seeks to offer important
insights into the intricate link between EHVs and
green power systems by utilizing a range of
sources and viewpoints.

Iv. Chapter 4: Findings And Analysis

The research provides its conclusions and
undertakes an extensive examination of the
environmental as well as financial effects of
integrating electric and hybrid automobiles (EHVs)
into green energy systems in this chapter[40].
Using the considerable literature and data covered
in the earlier chapters as a foundation, the goal of

Vol 44 No. 9
September 2023

this section is to give a thorough summary of the
research's significant results and their wider
implications.

Environmental Impact:

The study's findings indisputably highlight the
significant environmental advantages of EHV
incorporation into green energy networks. The
large reduction in emission of greenhouse gases
when EHVs are driven by energy from renewable
sources like wind, solar, or electricity is a recurrent
theme in the research[41]. Particularly remarkable
is the decline in the amount of carbon dioxide
emissions, a significant cause of global warming.
Furthermore, it is clear that the degree of
decrease in emissions is closely tied to the
chemical intensity of the electrical source rather
than being purely dependent on the use of EHV.
Greater carbon reductions are seen in regions
where a greater share of energy from renewable
sources makes up their energy mix[42]. This
emphasizes how important renewable energy is in
optimizing the environmental benefits of EHVs.In
addition to reducing carbon emissions, EHVs also
improve local air quality because they have no
exhaust emissions. According to empirical data,
reducing releases of contaminants like oxides of
nitrogen as well as particulates improves the
quality of the air in cities, possibly enhancing
outcomes for public health[43].

Economic Feasibility:

The study's conclusions shed light on the transition
to EHVs' financial viability in the context of green
energy networks. While EHVs can cost more
upfront than their conventional equivalents, it is
clear that these expenditures are gradually offset
over the course of the vehicle's lifespan by lower
operating and upkeep expenses. This cost-
effectiveness is further supported by the ongoing
decrease in battery prices as well as government
rebates as well as incentives meant to encourage
the use of EHV[44]. The central importance of
incentives, assistance, and encouraging policies in
influencing the EHV rate of adoption is a significant
finding of the study. In areas where they have
been implemented, the deployment of supportive
regulations such as subsidies and other incentives
for electric and hybrid automobiles (EHVs), has
produced noticeable effects. Because of the
financial advantages and reduced initial expenses
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these policies provide to consumers, there has
been a noticeable rise in the usage of EHVs[45].
EHV acceptance rates have increased noticeably as
more people and companies become aware of the
environmental and financial benefits of these
vehicles. Additionally, economies of scale are
anticipated to lower the manufacturing costs of
batteries as well as electric vehicle parts as the
EHV market keeps growing. The accompanying
system for charging is also predicted to expand
and become more effective, speeding up charging
and improving convenience. The running expenses
of EHVs will decline as a result of these
improvements, increasing their economic viability
in comparison to conventional cars with internal
combustion engines[46]. This financial benefit is
anticipated to encourage the deployment of EHVs
and accelerate the shift to environmentally
friendly as well as sustainable modes of transport.

However, it's critical to recognize the difficulties
brought on by the significant up-front expenditure
needed for infrastructure to charge growth[47]. In
this regard, the research points to creative finance
strategies and public-private alliances as potential
remedies to lessen these difficulties.

Grid Stability and Energy Management:

It is hoped that this financial incentive will
promote the use of EHVs and hasten the transition
to sustainable and ecologically friendly forms of
transportation.

However, it's imperative to acknowledge the
challenges posed by the substantial upfront
investment necessary for technology to drive
growth[48]. In this context, the research highlights
public-private  partnerships and innovative
financial strategies as potential solutions to
minimize these challenges.

However, the study recognizes possible issues with
greater EHV penetration, like as grid overload and
voltage variations[55]. The literature offers a
variety of remedies to these problems, including
regulating voltage devices as well as dynamic load
management techniques, which could improve
grid stability while enhancing energy management.
The results of the study and analysis support the
substantial economic as well as environmental
advantages of EHV incorporation in solar and wind
power systems[49]. EHVs have the ability to
significantly cut carbon emissions, enhance air
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quality, and provide long-term economic benefits
when supplied by sources of clean electricity. The
economic viability of EHVs inside renewable
energy systems is influenced by favorable
legislation, a downward trend in battery prices, as
well as a growing network for charging. The study
also emphasizes the critical role that efficient grid
integration, intelligent charging infrastructure, and
cutting-edge battery solutions for storage play in
ensuring grid stability and maximizing energy
utilization in the context of EHVs in solar and wind
power systems. These results have significant
ramifications for policymakers, industry
participants, and environmentalists, highlighting
the significance of continuing to support EHVs and
making the switch to energy from renewable
sources in order to foster environmentally
sound[50]. Sustainable transport networks that
are in line with the objectives of reducing climate
change and encouraging the acceptance of

renewable energies.

V. Chapter 5: Evaluation And Conclusion

5.1 Conclusion

In order to address ecological problems and
promote sustainability in the economy, electric
and hybrid automobiles (EHVs) are essential
components of renewable energy networks, as
this study emphasizes. The research has shown
that EHVs can significantly reduce the release of
greenhouse gases, improve the condition of the
air, and be economically viable over the long run
when fueled by energy from renewable sources.
Their viability is influenced by favorable policies,
decreasing battery prices, and expanding networks
for charging. Additionally, grid interconnection,
automated charging systems, as well as battery
storage options like vehicle-to-grid technology
show promise for grid administration. The
advantages of EHV usage within clean energy
networks are obvious, despite obstacles such
substantial expenditures in infrastructure.

5.2 Research recommendation

It is advised that authorities continue to encourage
EHV adoption through beneficial policies, such as
tax reductions, rebates, as well as grants, in light
of the results. By encouraging users to switch to
EHVs, these policies reduce pollution and advance
environmentally friendly transportation[51]. To
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solve the problem of initial capital expenditure,
more investigation into creative financing schemes
for the growth of charging facilities is required.
The construction of charging facilities can be
accelerated by public-private collaboration and
innovative funding techniques. Additionally, it is
crucial to raise consumer knowledge of the
advantages of EHVs from a sustainability and
economic point of view as well as the significance
of sources of clean energy[52]. In order to debunk
misconceptions and reduce range anxiety,
effective awareness efforts should be devised to
boost confidence among customers.

5.3 Future work

Future studies ought to concentrate on the grid's
resiliency as well as energy administration
solutions as they delve further into the technical
facets of EHV integration[53]. Examining cutting-
edge grid technology like microgrids and data
analysis in real time could provide important
insights into how to improve grid stability while
using EHVs and energy from renewable sources. A
more thorough knowledge of the environmentally
friendly advantages of EHV adoption inside green
power networks would also result from
longitudinal research documenting the long-term
ecological and financial effects[54]. Future
research may also examine the effects of culture
and society on the acceptance of alternative
power sources and EHVs in order to advise
outreach

targeted policy initiatives and

techniques.
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