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This bachelor's thesis provides a literature review of the advantages and challenges of
vehicle-to-grid technology on the grid. The objective of this study is to explore the impact
of vehicle-to-grid services on the grid, to explore their unique advantages especially in
technical aspect, to predict the challenges to be faced and to find ways to improve them.
For the advantages of V2G technology on the grid, this thesis focuses on peak shaving,
load balancing, as distributed energy storage and renewable energy integration; for the
challenges this thesis focuses on the technical aspects, exploring issues such as battery
degradation, charging efficiency, impact on distributed devices, and also mentions the
challenges at the economic level. This thesis will first review the existing literature to
understand the current state of V2G technology and its applications. This will be followed
by uncovering the benefits of the application of V2G technology for the grid as well as the
challenges of technology diffusion as compared to conventional technologies.

Through a combination of theoretical insights and empirical evidence, this thesis hopes to
contribute to the growing body of knowledge on V2G services. Ultimately, it hopes to
inform policymakers, utility providers, and researchers about the potentially transformative
role of V2G technologies in facilitating a robust and resilient energy infrastructure.
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EV

PEV

HEV
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DC
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V2V

DR
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DER

DOD

SoC

RES

EVSE

Vehicle-to-Grid
Electric Vehicle
Plug-in Electric Vehicle
Hybrid Electric Vehicle
Battery Electric Vehicle
Plug in Hybrid Electric Vehicle
Extended Range-Electric Vehicle
Greenhouse Gases
Direct Current
Alternative Current
Vehicle-to-Home
Vehicle-to-Vehicle
Demand Response
Demand Side Management
Distributed Energy Resource
Depth of Discharge
State of Charge
Renewable Energy Source

Electric Vehicle Supply Equipment
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1 Introduction

The increase in the global average temperature, air pollution and millions of tons into
greenhouse gases outpouring has all changed human lifestyle this century. Recent research
suggests that one of the major contributing factors for both energy demand and air
pollution is traffic (Energy Information Administration, 2017). Shifting from conventional
internal combustion engine vehicles to electric vehicles is an effective step towards
reducing the negative environmental impact of GHGs emissions so the authorities are
encouraging people to buy electric cars. The gradual popularization of electric vehicles
including BEV, PHEV, HEV and EREV has become an opportunity for the rapid
development of Vehicle-to-Grid (V2G) technology applications. According to a study
(Sovacool and Hirsh, 2009), in the United States, cars are on the road only 5% of the day is
spent traveling, and most of cars are unused and parked in parking lots. Therefore, by
implementing an EV fleet, this huge share of unused EVs can be recognized as a huge

potential to support the electric grid (Bibak and Tekiner-Mogulkog, 2021).

Renewable energy sources have a vital role to play in the fight against global warming, but
their volatility can lead to instability in our energy system like wind and solar energy,
requiring significant energy storage capacity (Abbasi, Premalatha and Abbasi, 2011). At
the same time, the rapid proliferation of electric vehicles has led to a significant increase in
battery storage capacity. Research into the application of V2G technology is driven by the
potential to utilize the emerging EV fleet as a decentralized energy storage system,
contributing to the stability and resilience of the grid. Vehicle-to-grid is a system through
which the energy from an EV battery can be fed back to the grid. V2G technology can be
used to discharge batteries of EVs with several signals such as the nearby energy
production or consumption. V2G technology empowers us to optimize renewable energy
demand and maintain equilibrium in our energy system by leveraging the capabilities of
electric vehicles. The demand services of V2G are broadly categorized into provision of
electricity and reduction of charging rates, the beneficiaries of V2G include real estate, the
power grid, fleets and EV drivers. This thesis will focus on the impact of V2G technology
on the power grid and will discuss in detail the advantages as well as the opportunities and
challenges of the application of this technology to the power grid by using literature

research method and comparative research method.



Research on this topic is significant grid stability and reliability are primary considerations
for the efficient functioning of modern society. The intermittent nature of renewable
energy sources and the escalating demand for electricity require innovative solutions, and
it is significant that V2G services are expected to provide a dynamic and responsive energy
infrastructure that may mitigate the challenges posed by peak demand, grid volatility, and

the integration of renewable resources.

This thesis reviews the advantages of vehicle-to-grid technology for the grid including
peak shaving, load regulation, as an emerging energy storage method and renewable
energy integration; as well as the risks and challenges the technology currently faces
including battery degradation, charging efficiency, impacts on distribution equipment and
high investment, in addition to which the thesis explores measures to address these issues
and future directions the technology should work on. Compared to traditional technologies,
V2G technology has significant advantages in addressing several applications of the grid.
In terms of load regulation capabilities, V2G technology effectively performs load
regulation through the charging and discharging processes of electric vehicles, filling in
grid load valleys and reducing peak loads. While, conventional technologies may not be
able to perform load changes by adjusting production with the same speed and efficiency,
as they typically rely on large power plants starting and stopping. As the future of energy
storage, it is more environmentally friendly than fossil fuels, and more stable than other
green energy sources that are not affected by weather or geographic location (Elavarasan,
2019). V2G can also make up for the shortcomings of sustainable energy, in the power grid
of sustainable energy generation, in the face of the peak power supply and the instability of
sustainable energy supply, V2G can be timely power supply for the grid to ensure the

stability and reliability of the grid.

It is also important to understand the challenges that V2G technology has faced and will
face, which are technical, economic, regulatory and social, with this study focusing on the
technical and economic aspects. Battery degradation and charging efficiency are key
factors that affect the ability of V2G to supply and regulate the grid (Noel et al., 2019a),
and only by improving the technology and choosing the right batteries and chargers can
more vehicle owners choose V2G and ensure the stability of the grid supply. Similarly, this
thesis will give better solutions for the loss of power distribution equipment to minimize

the power loss and ensure the durability of use. In addition, the widespread implementation



of new technologies cannot be separated from the economic support, but the high cost will
not make V2G technology to become the first choice of the government and related
departments, choose the most appropriate program to reduce costs to extend the service life

of the equipment is a topic to be considered.
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2 Vehicle-to-Grid technology and application

The essence of Vehicle-to-Grid technology is actually the ability to use the stored energy
in a large number of electric vehicles as a bank between the grid and renewables. V2G
technology allows electric vehicles to supply power to the grid when they are not in use.
Vehicle-to-grid technology is gaining a lot of attention since it may provide income for
electric vehicle (EV) users while also significantly reducing issues with renewable energy
variability and system inefficiency. The following section will focus on explaining the key
technology of V2G - bidirectional charging and the flow of V2G as well as typical

examples.

2.1 V2G and bi-directional charging

V2G technology allows the vehicle to power bi-directional charging that both recharges its
battery and pushes the energy that is stored in the car's battery to the grid, which is an
excellent tool for finding the balance between power supply and demand, especially during
peak hours. Bidirectional charging and V2G is used to identify the two in the same way,
but there are productive differences in them. Bidirectional charging means energy
exchange in the direction of both charging and discharging while V2G technology moves

energy from the electrical car battery to the grid only.

A bi-directional smart charger between the grid and the car is needed to enable V2G for
EVs. This bi-directional charger needs to be able to feed energy back into the grid in
accordance with regulations and be able to charge the EV battery with the least amount of
current harmonic generation (Xue et al., 2012). Essentially, a bi-directional charger is
made up of an AC-DC converter, a bi-directional DC-DC converter, and a filter. When the
charger is in battery charging mode, the AC power is rectified to DC by the bidirectional
AC-DC converter after being filtered through the filter to eliminate unwanted frequency
components. A bi-directional DC-DC converter is also vital to provide an appropriate
charging voltage because the output voltage of the bi-directional AC-DC converter might
not match the voltage of the DC storage unit. When the converter is in battery discharge

mode, the procedure is reversed (Hannan et al., 2022).
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Figure 1. Power flow in a general charger’s structure (Garcés, 2018).

As Fig 1. depicts, a typical charger construction provides one-way or two-way power flow.
Unlike bi-directional chargers, unidirectional chargers are easy, the hardware requirements
and interconnection are less, lead to less battery degradation, and are economical and safe.
(Yilmaz and Krein, 2013). However, the services that can be provided by V2G applications
are limited since power flows only from the grid to the vehicle. So bi-directional chargers,
even if they are more complex, require more costly investments and safety measures such
as anti-islanding measures, are indispensable because they can bring more benefits and
higher quality ancillary services to the grid: performing voltage and frequency regulation,
spinning reserve, energy balancing, load tracking, harmonic filtering (Yilmaz and Krein,
2013; Hegazy et al., 2015).

2.2 Workflow of V2G

The workflow of V2G technology involves bi-directional communication and energy flow
between the electric vehicle and the electricity network. First, the owner plugs in the EV to
connect to the grid and establishes a real-time connection through communication and
control devices. By monitoring the status of the battery, the grid operator is aware of the
EV's remaining capacity and state of charge. When additional energy is needed, the grid
operator can control the EV through the V2G system to release stored energy to the grid
and vice versa (Noel et al., 2019b). This bi-directional energy flow allows the grid to adjust
power supply more flexibly, while the V2G system performs accurate metering and billing
to ensure that all parties involved receive the appropriate financial returns. Overall, V2G
technology makes electric vehicles part of the power system through intelligent
communication and control, providing the grid with a more powerful energy management

tool.
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Smart grid technologies and vehicle-to-grid systems are the matter of Fig 2. that discloses
integration of renewable and non-renewable energy sources with the grid and electric
vehicles’ role as both consumers and potential electricity suppliers. "Crowdsourced energy
clustering with bidirectional energy flows" implies a comprehensive management and

sector system that will unite household-level energy sources and electric vehicles.

As Fig 3. shows there is a block diagram of the vehicle-to-grid system framework. This
chart shows how the grid energy is exchanged, and which has a better energy usage and
stability these directions are still to know.V2G, V2V, and V2H stand for Vehicle-to-Grid,

Vehicle-to-Vehicle, and Vehicle-to-Home, respectively, and indicate where the tides flow.

2.3 Typical examples of V2G service application

Here are two representative applications of this technology including Peak Load
Adjustment and Backup Power.

Peak Load Adjustment: VV2G-enabled vehicles play a crucial role in load balancing for the
grid by engaging in "valley filling" activities (Liasi and Golkar, 2017). This entails
discharging extra energy back to the grid during times of peak demand during the day and
charging electric cars during off-peak hours, usually at night when there is less demand for
electricity. This peak load regulation provides utilities with innovative methods to maintain
voltage and frequency stability while offering supplementary backup capacity. These V2G
devices operate in tandem with smart meters to precisely measure the energy contributed to
the grid and consumed. Leveraging smart meters, V2G vehicles can intelligently return
energy to the grid as needed, generating revenue based on the timing and quantity of

energy fed back into the system.

Backup Power: EV chargers and associated batteries are designed to be used as a backup
power source to deliver emergency electricity straight to the home from a car. EVs are
charged by solar panels on the roof, or when grid electricity rates are low. Later, during
peak hours or blackouts, the EV battery is discharged through a VV2H charger. Essentially,

the EV battery stores, shares and reuses energy when needed.
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3 Benefits of V2G technology to the power grid

V2G technology aims at achieving the mentioned goals, it is clear that implementation of
such a facility can help reduce the overall cost incurred by chasing vehicle and network
operator to stabilize grid as well maximizing their investments; automotive manufacturer
concerning value addition offered with vehicles and parties involved with energy market
while trading balances being optimized.

High potential power capacity, low cost, and a highly responsive and efficient storage
device are the main technical advantages of V2G for utility grid operators (Viswanath,
2022a). Thus, the grid can be supplied with a variety of auxiliary services. Another
important technical advantage that V2G provides for the utility grid is in promoting RES
integration into the same. Power grid regulation, active power support, spinning reserve,
reactive power support, power factor correction, improving power system stability,
enhancing power quality, frequency control, and energy backup are just a few of the
potential technical benefits and ancillary services that V2G can offer to utility grid
operation (Viswanath, 2022b).

This thesis concentrates on the benefits of connection with power gird and this includes
peak shaving and valley filling, load balancing, distributed energy storage and connection

with renewable energy. These all contribute to grid’s stability and reliability.

3.1 Peak shaving and valley filling

A normally operating power grid is almost stable in all its parameters, and the generation
and supply of electricity are like a balance, which must be as close to equilibrium as
possible. In technical terms, the grid needs to be peaking at any time to ensure the balance

of the grid. An effective, efficient and cost-effective FM facility is necessary for the grid.

Demand response (DR) has become an appealing option for managing grid and consumer
demand due to issues with grid’s power imbalance and peak demand. With the capacity for
connecting with other loads within their domain and control devices, information and

communication technologies play an increasingly important role in demand management
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as the smart grid continues to evolve. Peak demand has a substantial influence on the
design and functioning of electrical networks since the infrastructure needs to be built to
withstand the highest demand levels (Zheng et al., 2015). Presently, the integration of
Demand Side Management (DSM) methods is emerging as an essential part of the
prospective grid framework. This involves minimizing peak loads by either load shedding
or load shifting, as well as harnessing surplus renewable energy to fill periods of lower
demand. V2G technologies can be employed in tandem to enhance the capabilities of both

peak shaving and valley filling.

Peak shaving and valley filling means a load curve adjustment so that the load peaks
during high load hours are decreased and the load valleys during low load hours are filled
which eventually enable the system to lower the load volatility and enhance the stability of
the grid. The goal of peak shaving and valley filling is reducing the load pressure during

the time when the load to grid is high, smoothing the load curve, and simultaneously.

In contrast to traditional techniques for valley filling and peak shaving like scheduling
thermal power plants, hydroelectric scheduling, traditional scheduling of energy storage
facility supply, etc., V2G might be a cheaper and better solution. In a given system, they
can improve stability and reliability of the systems reduce the spillage of emitted pollutants
as well power failures all due to an increase in efficiency (Tahoura Mohammad and Nasim,
2013). They can help in balancing out the peaks, flattening the valleys and establishing a
balance between supply and demand. When the demand is low, for instance during
nighttime, charging of electric vehicle battery can take place. The stored energy discharged
into the grid when there is high demand will not only maintain voltage and frequency
stability of system but also provide spinning reserve to meet necessary energies. In
addition, by saving the extra energy and sending it back into a grid when demanded highly
like in wind turbines or photovoltaic systems V2G prevents intermittency (Attou et al.,
2021).

V2G allows electric vehicles to release stored energy during peak demand periods, helping
to balance the grid and reduce the need for additional generating capacity. For PHEVS,
connectivity to the grid provides the opportunity to charge and discharge the vehicle, thus
providing an opportunity to inject energy into the grid. The consumption of electricity and
its generation from conventional power plants, solar power, and wind farms. These

physical power systems need to be always in balance. But since renewable energy sources
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are intermittent and forecasting is not perfect, mismatches can occur and lead to demand
and supply imbalances. By charging and discharging at the most efficient times, these cars
contribute to the balance between generation and consumption. (Clement-Nyns, Haesen
and Driesen, 2011).

In total, in the V2G scenario, a large number of EVs can be viewed as distributed power
devices, helping to regulate grid load shaving and valley filling, consume renewable
energy, and provide auxiliary functions such as frequency regulation and backup for the
grid.

3.2 Load balancing

Load balancing for V2G means the grid is able to maintain the balance between electricity
supply and demand through a bi-directional energy exchange between the electric grid and
vehicles with the purpose of making a load factor of the power supply system. V2G
balances energy loads by charging during low-demand hours (evening, off-peak hours) and
discharging during peak daily hours of electricity use. Plug-in hybrid vehicles can be
discharged during daily peak loads rather than relying on peak capacity generators to meet
peak demand hours (Yilmaz, 2012). EVs that want to be discharged during peak hours
need to be recharged during off-peak hours. The power saved during off-peak hours can be
released during peak hours by charging the EVs, relieving congestion on the grid
infrastructure. Load balancing is more likely to be achieved because vehicles do not need
to discharge during peak hours. Load balancing is used in power systems to maintain stable
operation by regulating supply and demand so that the load from each component is

distributed as smoothly as possible throughout the system.

Load balancing can be achieved by adjusting the generation, transmission and distribution
of electricity. Conventional methods for managing peak power in power systems
encompass hydroelectric power generation, pumped storage plants, and thermal power
generation. However, each of these approaches comes with certain drawbacks. Pumped
storage power plants exhibit in efficiency at approximately 65% to 70% and are
constrained by limited construction areas (D Bz-Gonzdez, 2012). They face challenges in
areas with water scarcity and are subject to seasonal production fluctuations. Modifying

peak power through thermal generation proves economically inefficient and has adverse
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effects on equipment longevity. This is because thermal power generation relies on fossil
fuels, the price of fossil fuels is affected by supply and demand, in addition to the low
conversion rate of thermal power generation and the high temperature environment will
cause loss of equipment to further affect the economic efficiency and efficiency (Chaplin,
2009). Consequently, prevailing strategies for peak power regulation predominantly
operate from the supply side, centrally managed within extensive power systems. V2G
presents a viable solution for load regulation on the distribution side as V2G stations are
integrated into the distribution network, offering an effective alternative to traditional

approaches.

With substantial social and economic advantages, the regulation moves regional loads
quickly and effectively by using electric vehicles as mobile energy storage units. Since
there are no mechanical moving parts involved in the EV charging and discharging process,
the response time might exceed milliseconds. According to some test results, the roundtrip
efficiency of EV batteries during charging and discharging can reach 80%, which is

roughly 5% greater than that of pumped storage power plants (Wang et al., 2011a).

Vehicles in V2G can utilize the inactive storage capacity of EVs to transfer the maximum
power of area loads without adding equipment, while fulfilling their drive functions (Wang
et al., 2011b). From a power system perspective, this can save further expenditure on
stationary energy storage devices, lower the power plant capacity needed to achieve typical
equivalent functions, and enhance the conventional power plants' operating economics.
Therefore, V2G technology is required to ensure load balancing of each node of the grid to
avoid overloading or underloading, thus improving the operational efficiency and
reliability of the grid.

3.3 Distributed energy storage

Distributed energy storage is an electricity supply scheme created at the user end that can
operate independently or parallel with grid. As a resource and environment benefits
maximisation system to define operating model and size, it combines users’ multiple

demands for various energies with resources allocation situation, and adopts a new type of
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demand-responsive design and a new type of modularized configuration of the energy
system, and it is a decentralized way of energy supply in contrast to centralized energy
supply. The installation of distributed power supplies in the major developed cities can
enhance the quality of electricity and lower transmission costs because distributed energy
has the following advantages: small loss, low pollution, flexible operation, good system
economy, and rational utilization of energy efficiency. The reason is that the online control
of distributed renewable energy generation has a random character, therefore in smart grid
technology development there needs to be an integrated mechanism for storing the created

power (Wang et al., 2011c).

Furthermore, as indicated by Fig 4.'s data from the US Department of Energy, more than
25% of distribution and more than 10% of generation assets are required less frequently
than 5% of the time (Wang et al., 2011d). Hence, it becomes especially crucial to manage
the load on the descending side of the curve. The decentralized energy storage capabilities
provided by V2G act as a supplementary component to the electrical grid, alleviating strain
on power supply and enhancing the dependability of the network. As technological
advancements progress, V2G has the potential to further diminish both the investment and

operational expenses associated with the power system.

100%

90% ;
80% =~
75%
£ : T
= 60%
o
g l I
1
I'.; 40% | \\-_
=1 T “\‘
o 1 07| —
= | 4= 5%/ = 438 hrslyr “\
1
20% 1— ~
i
0% 4—L
0% 5% 20% 40% 60% 0% 100%

Percentage of Year

I— Hectric Generation s Cistribution Asset I

Figure 4. Power system asset utilization (Wang et al., 2011e)

As a new type of transportation, electric vehicles have become an inevitable trend in
history to replace fuel vehicles, and with the increase in the number of EVs, the huge
capacity of on-board batteries is a potential energy storage resource that people cannot
ignore. Through the research, testing and promotion of V2G technology, an industry
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consensus can be formed to promote the popularization of this technology, which will
enable more automobile manufacturers and electric power systems to accept the two-way
charging function of electric vehicles, which will be very large and influential in the future

energy storage field.

V2G technology takes advantage of the distributed energy storage nature of electric
vehicles by integrating a large number of decentralized energy storage units into the power
system. In contrast, conventional technologies may require more centralized energy
reserves, limiting the geographic distribution of energy storage. Additionally, given that
renewable energy sources like wind, solar, hydropower, biomass, and others have
unpredictable supplies, their output power is sometimes random and intermittent. When
multiple distributed energy sources are available at once, the power distribution network
will face a number of management and operation issues. While electric vehicles as mobile
energy storage units and distributed power supply can form a microgrid, no need to add
additional energy storage devices, you can stabilize the distributed power output power
perturbation (Wang et al., 2011f). As a new energy storage method there are two
advantages that cannot be ignored. First, V2G does not affect the battery performance and
life of electric vehicles, and there is a possibility to improve it through reasonable
intelligent charging and discharging strategies; Second, this energy storage measure does
not have to add additional investment costs; all of which are more in line with the needs of
the future low-carbon sustainable society. It is predicted that by 2050, V2G technology can
bring 220TWh/year of energy storage capacity to the global energy storage, which is a
very considerable social resource, and the reason why this technology is bound to flourish
(Teddy, 2023).

PHEV/BEVs represent a technology that can serve both the electricity and gasoline
markets and address pressing issues such as fossil fuel dependence and climate change, as
well as the technological conditions for realizing V2G as a distributed energy storage
application. PHEV/BEVs have a high-capacity battery and a smart converter that can be
connected to the grid. Using a plug, PHEVS/BEVs can either use power from the grid to
charge their batteries, called "grid-to-vehicle™ operation, or discharge their batteries to the
grid during parking time, called "vehicle-to-grid" operation (Pang, Aravinthan and Wang,

2014a). These two modes of operation allow these EVs to function as decentralized energy
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storage devices within the smart grid, as well as loads and generators when required. When

there is instability in the grid, V2G can be used as a generator.

Since the success of this procedure needs to involve consideration on how well
PHEY/BEV are being embraced in the market. These vehicles are considered to be a
crucial part of the smart grid, whose role is that they work as distributed energy storage
systems that might have serious implications on electricity trading when their usage
becomes widespread (Hadley and Tsvetkova, 2008). The rechargeable battery is one of the
most important components of a PHEY/BEV. Li-ion batteries are generally charged using
both constant current and constant voltage curves. When the voltage reaches its ceiling a
constant current is applied, once this point has been reached then it’s necessary for the
volts not to change so as not damage from battery occurs. In constant voltage section, the
charging current will start to reduce when battery is almost fully charged. Lastly, the
charging will stop when current reaches minimum threshold. In principle, the charging
current can be reduced from maximum levels indicated in the graph to regulate the rate at
which it charges but not more than what is recommended by those values (Pang,
Aravinthan and Wang, 2014b). Besides, PHEVS/BEVs charging infrastructure influence

the market to some extent.
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Figure 5. Sample charging curves for lithium-ion batteries (Mullen, 2009)

Therefore, V2G as an emerging energy storage method utilizing PHEVS/BEVs technology
has the advantage of extending the life and improving the performance of car batteries
without increasing the cost. The unused cars parked on the road also improve their
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utilization to some extent. This potential energy storage method does not have to take
geography into account and can supply energy at any time, helping to improve grid

stability.

3.4 Renewable Energy Integration

Renewable power generation has been a gradual transformation of the grid in recent years,
similar to the environmental contribution of V2G technology, both of which can reduce
greenhouse gas emissions to achieve sustainable development. V2G as a distributed
storage energy source can be integrated with renewable energy to maintain the stability of
the grid peak power; electric vehicles can also provide support and balance for power
plants powered by sustainable energy sources; and even the better realization of the future
Super Grid will require the combination of the two.

As mentioned in 3.3 above, the lack of coherence between renewable sources of energy
and power networks is becoming evident nowadays because of their instability and
intermittency. This problem can be done with distributed energy storage via V2G
technology cheaper. V2G technology will increase the capacity of peaking generators and
reduce the generation costs by charging EVs during low consumption periods and
discharging then during high consumption periods. According to the studies, a larger
number of EVs connected to the grid can change the capability of the power system to
absorb renewable energy. When renewable energy output is insufficient, EVs serve as
energy backup to supply extra power and as energy storage to absorb excess electricity
produced by renewable energy sources (Asghar, Sulaiman and Mustaffa, 2022a).
Integrating EVs and wind energy into the grid is considered a viable solution for providing
ancillary services (Asghar, Sulaiman and Mustaffa, 2022b). Other studies have illustrated
that at times of peak solar radiation, solar energy is readily stored by EV batteries for use at

a later time. (Longo, Foiadelli and Ya'€i, 2018).

Hence, V2G will not only be a participant in a large number of the services required for
large-scale production of renewable energy and grid efficiency enhancement, but it also
has the potential to be one of the most valued and significant participants on the smart grid.
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Super grids theoretically provide significant advantages for the integration of renewable
energy. To be more precise, this kind of super grid can incorporate a lot of renewable
energy by placing renewable energy sources at a lower cost than projects that locate the
finest resources near grid transmission lines, which lowers overall costs. Furthermore, it is
anticipated that a super grid will not require as much grid storage and flexibility as the
current grid because of source and regional fluctuation given the range of renewable
energy sources (Noel et al., 2019c). Super grid realization essentially eliminates the
requirement for backup storage. V2G's advantages in energy storage will no longer be
relevant but V2G might still be significant in the green energy space. Intra-regional energy
balance is the main goal of super grid integration. Moreover, the V2G might be the
cheapest way to grant resilience in the scenario of the catastrophic grid outage. This
concern can be alleviated because it lowers the overall operational risk connected with the
super grid with V2G. (Torbaghan, Burrow and Hunt, 2015). V2G can be used as a "stand-
in" for super grids to address contingencies in the supply of renewable energy.

In conclusion, the advantages of integrating V2G with renewable energy still lie in its
flexibility and convenience. The advantages of distributed energy storage can make up for
the instability of renewable resources and the timely replacement of unexpected events and

peak hours.



23

4 Challenges of V2G technology to the power grid

While V2G technology offers substantial benefits to the power grid, the implementation of
emerging technologies introduces new challenges, and achieving its complete application
is accompanied by a range of obstacles. Let's explore the primary concerns that V2G
encounters in advancing the grid and identify tailored solutions. These challenges span the
entirety of the socio-technical system, encompassing economic, regulatory, and social
aspects. Beginning with the most pressing, the implementation of V2G is hold back by
technological obstacles. The main and everlasting technological obstacle to V2G
implementation is the battery decay that is affecting communication efficiency, battery and
communication efficiency as well as aggregation. In spite of the fact that no impediments
can definitely shut a V2G system down, they do influence the efficiency of such a system,
which then affects the level of financial gains that the technology can make possible. For

this reason, these things have to be solved.

4.1 Battery Degradation

The most serious challenge facing V2G systems is battery degradation due to wear and tear
resulting from increased use. Bi-directional V2G in ancillary services may shorten battery
life, and battery degradation may lead to capacity loss over time, thus affecting the range
capability of EVs.

Assessing the deterioration of battery capacity is an intricate process, primarily attributed
to time (referred to as calendar aging) and the battery's cycling activity (referred to as
cyclic aging), which involves discharging and then recharging a certain amount of energy
(Thompson, 2018). Patterns of aging include both chemical and biological factors; the
factors affecting these two forms are very many, ranging from cycles per day to time,
operational temperature — charging or discharging power rates in terms of speed Depth Of
Discharge (DOD) State Of Charge SoC battery UK Energy throughput (Bishop et al.,
2013). As degradation is heavily influenced by time, temperature, and usage patterns, the

decline in a typical electric vehicle's performance is intricately tied to the driving and
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charging behaviours of the EV owners, along with the prevailing meteorological conditions
at the location of EV use (Noel et al., 2019d).

For example, battery degradation over a decade is projected to be roughly 31% based on
usual driving behaviour. While Fig 6. illustrates that degradation is not totally linear,
capacity degradation is equivalent to approximately 3% each year (Wang et al., 2016a).
During this research, higher temperatures are characterized by a significant increase in
calendar aging related capacity losses while lower temperatures widen cyclic aging
associated of occasions. This distinction between different charging levels, summarised in
the legend at the top left of Figure can be said to have no discernible influence on energy

capacity loss.
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Figure 6. Estimated loss of EV battery capacity over time (excluding V2G) (Wang et al., 2016b)

Temperature is one of the main factors affecting calendar and cycling aging, Reduced
temperatures lead to an increase in cycling and ultimately indirectly reduced battery
capacity as this leads to increased energy through put. In contrast, high temperature
directly can result in serious capacity degradation and premature battery degradation (Noel
et al., 2019e). Fig 7. showed that higher temperatures combined with higher DOD resulted
in the most severe battery deterioration in each cycle (Fernandez et al., 2013). Therefore,
the key means of minimizing battery degradation can be through battery temperature
control, preventing the temperature inside the battery from overheating and dropping, but
also preventing the battery from overcooling and decreasing efficiency, and avoiding

exposure of the battery to extreme temperatures.
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Battery degradation per cycle as a function of Temperature and DOD
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Figure 7. Battery degradation per cycle (N) as a function of temperature and depth of discharge (DOD) (Petit,
Prada and Sauvant-Moynot, 2016).

The cycle life of batteries varies significantly due to the chemical composition and
manufacturing techniques. Nowadays, Li-ion seems to be the effective way for V2G
because of their capability of providing long cycle life, acceptable deep cycling capacity
and moderately high energy density along with the feature of high efficiency. A Li-ion
battery endures between 2,000 and 4,000 deep cycles, with the anticipated future
investment for mass production of Li-ion batteries falling within the range of 200 to 500
per kWh. (Williams and Kurani, 2007). In addition, to prevent degradation, avoiding deep
discharging and overcharging and using smart charging devices is also necessary.

Additionally, number of battery cycles for charging and discharging need to be considered.
When PEVs engage in V2G operations, they regularly charge and discharge their batteries,
which lowers their useable capacity. PEV owners find it difficult to take part in the V2G
program because of the rapid degradation of batteries, which necessitates regular

replacement at a cost (Viswanath, Khatod and Padhy, 2022).

Overall, the battery is the soul of an electric vehicle and is an expensive and indispensable
component of an electric vehicle. In order for V2G technology to be popularized, all
parties need to cooperate in extending battery life. Owners should first ensure that EVs are
stored in an environment that avoids prolonged exposure to excessive cold or high
temperatures; EV manufacturers can use more lithium-ion batteries to increase the number

of charging and discharging battery cycles; battery designers should look for more suitable
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materials; and the government should add more smart charging devices to prevent deep

discharging and over-charging due to the inability to find charging ports for EVs.

4.2 Charger Efficiency

One of the technological issues with V2G systems is the overall efficiency of energy
transmission to and from the grid, especially from electric vehicle supply equipment
(EVSE). Efficiency still has a big influence on how cost-effective V2G systems are, even
though their efficiency is higher than that of other energy storage systems. Round-trip
energy losses are essentially covered by the V2G aggregator and the EV user when
executing any kind of V2G service because they impact the overall energy from the grid to
the battery and vice versa. The cost of charging an EV is another factor that impacts energy
loss for owners of EVs (Noel et al., 2019f).

Thus, understanding the magnitude of energy losses is vital as they influence technical
efficiency for grid participants and financial viability associated with EV ownership and
V2G participation. First, losses in energy may start to occur at the grid connection point
and be implemented by transformer, breaker panel or VSE. Energy losses are also possible
within the vehicle, at either the power-electronics unit (PEU) or charger. Finally, energy
that is lost during battery discharge occurs inside the battery on the reverse side
(Apostolaki-losifidou, Codani and Kempton, 2017a). As in the case of predicting battery
deterioration, many variables such as temperature current and charge state play a

significant role on this energy that is lost during conversion process (Noel et al, 2019g).

As indicated in Table 1, it was discovered that the total system losses and energy losses at
different phases of the V2G system (Apostolaki-losifidou, Codani and Kempton, 2017b).
The table below illustrates how the current level (measured in amperes) and if the system

is charging or discharging at any one time determine how much loss occurs.
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Table 1. The V2G system's percentage energy loss at each stage for charging and discharging at two distinct

current levels (Apostolaki-losifidou, Codani and Kempton., 2017c¢)

Component AC current (A) Percentage losses (%)
Charging Discharging
EV Battery 10 0.64 0.64
40 1.69 1.91
EV PEU 10 6.28 16.67
40 5.77 19.23
EVSE 10 0.10 1.42
=40 0.29 1.39
Breakers 10 0.00 2.80
=40 1.30 0.60
Transformer 10 10.20 14.60
=40 3.33 6.65
Total 10 17.22 36.13
40 12.38 29.78

A straightforward way to lower total losses aims to raise the EVSE's current and voltage
capability. When the EVSE is adjusted from 8 amps at 120 volts to 10 amps at 240 volts,
the internal losses of the EV drop from 20% to merely 6% (Apostolaki-losifidou, Codani
and Kempton, 2017d). The creation of an efficient control algorithm is a second strategy to
cut down on energy losses. When designing an algorithm to minimize losses during
charging or when delivering V2G service (charging and discharging), consideration can be
given to the fact that losses can vary depending on known factors (e.g., the battery's SoC)
or controllable factors (current). For instance, by considering the power supply capacity
and battery SoC, one technique lowered the total energy loss by 8.5% (Apostolaki-
losifidou, Codani and Kempton, 2017e).

In addition, EV charging uses a variety of connections, and the same level of electric
vehicle charging can affect how long it takes to charge an electric vehicle. EV charging can
be done in three stages: AC Level 1 and Level 2, as well as DC fast chargers (Rahman,
Khan and Amini, 2020). Level 3 charging means DC fast charging and supercharging level
that lies between the voltage of 400 volts —95 kilovolts. At higher charging levels, more
power is given to the car and hence this results in faster running of the charging method.
Chargers that have a maximum output of 350 kW and are currently available in the shortest
time frame are Level treats chargers. Nevertheless, the inverter that a DC charger contains

enlarges its size and alters electricity from AC to DC. Installing a DC charger requires
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much power from the grid (Kuruvilla, Venkatesh and Immanuel, 2022a). In the issue, DC
charging is expensive, leading to high charging costs, which is a problem that needs to be

addressed.

In summary, charging efficiency has a significant impact on whether the technology can be
rapidly popularized, there are charging efficiency is not high and there is energy loss, while
the cost of relatively good DC chargers is too high. This requires the relevant personnel in
the future to put the direction of research on the charger, try to reduce losses and improve
efficiency, to find the right cost program.

4.3 Effects on Distribution Equipment

The expense of updating the infrastructure of the power system presents another obstacle
for V2G technology. Every electric car that makes use of V2G services needs to have a bi-
directional battery charger installed. Fast chargers, however, possess the capacity to soon
overrun the local distribution infrastructure, depending on the rate of adoption. Peak loads,
voltage drops, harmonic distortion, changes in voltage and current, and losses in
distribution transformers are all increased by this kind of charger (Noel et al., 2019h).
Increased overhead lines, subterranean cables, and transformer capacity are necessary for
this.

Furthermore, energy losses in the battery itself, battery charger, power supply, and circuit
breaker panel occur in V2G systems (Asghar, Sulaiman and Mustaffa, 2022c). This affects
how economically and technically efficient it is for EVs to be adopted and used in V2G.
Table 2 lists the energy losses in different devices used in the V2G system. Transformers
and chargers are obviously the ones that lose the most energy, and this has a big effect on
how well they work, especially when they are being discharged. A method used for

preventing energy losses is to use control algorithms that enhance efficiency.
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Table 2. Losses in V2G systems at two current levels (Apostolaki-losifidou, Codani and Kempton, 2017f)

Energy Losses (%)

Equipment Current level (A) During During
Charge Discharge

10 10.2 14.6

Transformers 40 33 6.6

Batteries - s g

eries 40 1.7 1.9

‘ 10 6.3 16.7

Chargers 40 5.8 19.2

10 0 2.8

Breakers 40 1.3 0.6

Suppl uipment o 0.1 v

pply equip 40 0.3 1.4

10 17.2 36.1

Total 40 12.4 29.7

For PEV, local distribution equipment can be swiftly overloaded by Level 2 and Level 3
battery chargers, contingent upon PEV penetration. Distribution transformer losses, voltage
variations, harmonic distortion, and peak demand may all increase as a result (Bae and
Kwasinski, 2012; Raghavan and Khaligh, 2012). More money must be spent on bigger
overhead and subterranean wires, as well as larger transformers. Such costs may affect the
reliability, economy, security, and operation efficiency of the recently-built smart grids
owing to a reduction of transformer life. Using a controlled charging system can greatly
reduce the degradation of conventional distribution transformer life. Through thermal
modelling, scenarios of different penetration levels of PEV were simulated for the life of
the transformer insulation (Gong et al., 2012). The findings indicate that a high penetration
of PEVs can have a big influence on the grid, particularly if there is a lack of coordination
in the charging schedule. Reactive power services from PEV chargers, load tapping
conversion transformers, and capacitor banks can all be used to address the voltage drop

issue (Clement-Nyns, Haesen and Driesen, 2010).

In conclusion, the infrastructure of the power system is the basis for realizing V2G. Bi-
directional charging is one of the core technologies of V2G, and it is essential to have bi-
directional chargers, but the use of bi-directional chargers poses problems that need to be
further addressed in the future. Energy losses in other infrastructures can reduce the

lifespan of these devices, which requires increased government investment in the purchase
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and use of these infrastructures to ensure the normal operation of V2G, and researchers

need to provide guidance on these issues.

4.4 Investment costs

High-required investment is one of the biggest obstacles and risks for implementing V2G
system. Since V2G systems require a highly organized infrastructure that involves the
bidirectional flow of energy, information and money among EV owners, aggregators and
grid operators they are more complex than PEVs (Bibak and Tekiner-Mogulkog, 2021a).
For instance, to bridge the gap between system participants it requires a good
telecommunications network. Electric cars need plug-in connectors and metering
equipment to determine input power, output electricity, notify the driver about battery
condition when driving changes (Bibak and Tekiner-Mogulkog, 2021b).

Besides, when the percentage of PEVs on the grid rises, there will be an enormous demand
for charging, which the power network will need to meet by expanding its generating.
Numerous studies have demonstrated that as EV penetration levels rise on distribution
networks, so do investment costs and energy losses. The power system will need to invest
substantially in infrastructure and set up smart charging in order to reduce these energy
losses (Kumar, Vyas and Datta, 2019).

Furthermore, constructing electric car charging stations might be highly costly. There are
many preconditions for the development of an infrastructure for charging electric vehicles,
such as location requirements, suitable soil or land ownership studies etc., other required
attributes about a supplier that can provide power transmission to any place worldwide
with grid-based stability; variety charger system selection and different lengths plus types
cables along some supplementary equipment (Garwa and Niazi, 2019). The key approach
to make fast charging station financially sustainable is to enlarge the quantity of EV
charging stations built since installing new ones is costly. Consequently, DC charging
infrastructure attracts more investors than AC charging due to its better efficiency, thus DC

infrastructure should be developed. The government ought to support those who want to
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invest in and profit from charging infrastructure (Kuruvilla, Venkatesh and Immanuel,
2022b).

Totally, to build V2G system efficiently, all of these variables require a significant

investment and time.
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5. Conclusions

The popularity of electric vehicles is one of the best solutions to enhance the quality of the
environment by avoiding fossil fuel pollution. Their existence also brings opportunities and
challenges to the power grid, which has given birth to the vehicle-to-grid technology.V2G
technology has developed rapidly in the popularization of electric vehicles widely used.
This bachelor thesis roughly discusses about the advantages and challenges of V2G
technology at the present stage through the method of literature review, the main study is
about the positive impacts on the grid and the drawbacks at the present technical level.V2G
technology can enhance the technical performance of the grid in terms of efficiency,
stability, reliability and generation scheduling (Yilmaz and Krein, 2012b).V2G plays a
great role in peak shifting and load balancing, and plays a great role in power consumption
during the peak periods to recharge the grid and maintain the normal operation of the
grid.V2G can also be seen as the future of energy storage, providing an inexpensive and
technologically favourable form of storage which, combined with the benefits of the
proliferation of fully electric vehicles, has significant positive effects on the economy, the
environment, and human health which are of great value to society. Vehicles parked on the
road as distributed energy storage devices will greatly increase their utilization value, with
greater stability and convenience than new energy sources, and the combination of V2G
and new energy sources can also create new sparks, as the combination of new energy
sources and the power grid may result in an unstable supply of new energy sources as well
as reduced reliability of the power grid due to the intermittency of the new energy sources,
which can be greatly reduced by the most supportive and balanced of the V2G. V2G will
greatly reduce the impact of unforeseen circumstances and is a favourable backing for
clean energy generation, maintaining the stability and reliability of the grid and improving
efficiency. Regarding the challenges facing V2G in the short and even long term, although
none of these barriers prevent EVs from participating in V2G in the strict sense, these
obstacles may decrease the efficiency of V2G, decrease the use of EVs, and may even
threaten EV owners or the grid, so they still require attention. These challenges mainly
include battery degradation issues, charger efficiency issues, the impact on power
distribution equipment and the high cost of investment. the protagonist of V2G, EV, for

EV is the core of the battery as well as charging efficiency, if caused by battery damage
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degradation and charging inefficiency may lead to some EV owners do not want to
participate in V2G, to the extent that the technology cannot be widely implemented, which
requires the selection of appropriate batteries for EV, It is necessary to choose suitable
batteries for EVs, pay attention to the storage environment of vehicles to avoid high
temperature and cold, and the government should also build more charging stations and
develop more efficient charging piles to solve these problems. Damage to power
distribution equipment and the high cost of investment will need to be avoided and
minimized in the future by finding the right materials, methods and better technologies. If
these issues are not addressed, consumer assessment of privacy Battery life may lead to a
decrease in the economics of V2G, as consumer skepticism and fear will offset its benefits.
Therefore, in order for V2G to spread successfully, these technical obstacles need to be

tackled from an economic and societal standpoint.

It is socially important to study the benefits and challenges of V2G technology.V2G
technology promotes the development of sustainable mobility and contributes to the goals
of energy transition and reduction of carbon emissions; it also increases the stability and
resilience of the rate grid and reduces the probability of outages triggered by unforeseen
events; and, for EV owners, V2G technology can provide an additional source of income
for EV owners, who are rewarded for participating in grid services, thereby increasing their
economic incentives to promote EV use. rewards, thus increasing their economic
incentives and promoting EV usage. Admittedly, this bachelor's thesis focuses mainly on
the technical aspects of the analysis, V2G technology also has unique advantages and
challenges at the economic, social and policy levels, which need to be further explored. In
the future, V2G technology needs to be further developed in terms of technological
innovation, performance optimization, intelligent control, data security, privacy protection,
scaled application, policy support and market mechanism to put the technology more into

use and promote sustainable realization.
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