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Abstract:

The Vehicle-To-Grid (V2G) technology refers to the use of Electric Vehicles (EVs) as a source of energy
storage for the grid by providing several services. Ancillary services refer to the additional services that
EVs connected to the grid can provide, such as frequency regulation and voltage control, and
Renewable Energy (RE) exploitation. There are several different charging topologies that can be used
for V2G, including bidirectional charging, where the EV can have dual functionality (charge and
discharge energy), and unidirectional charging that presents the operation of the EV that can only
charge from the grid. The most popular charging topologies for V2G are currently AC charging and DC
fast charging.
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Introduction

Ancillary services are typically provided by conventional power plants such as coal, natural gas, and
hydroelectric power plants, but with the integration of renewable energy sources, increasingly provided
by wind, solar and storage. Energy management for Vehicle-to-Grid (V2G) and Vehicle-to-Home (V2H)
systems in a smart grid environment can be enhanced by integrating Wind Turbine (WT) and
Photovoltaic (PV) systems [1]. These renewable energy sources can provide a source of clean,
sustainable energy for charging EVs and can also be used to feed excess energy back into the grid [2].
One strategy for energy management is to use the wind turbine and PV systems to charge the EVs
during periods of high renewable energy generation and then use the stored energy in the EVs to feed
back into the grid during periods of high demand or low renewable energy generation. This can help to
balance the grid and improve overall energy efficiency [3].
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Another strategy is to use the renewable energy to charge the EVs directly and use the excess energy
to power the home or feed it back to the grid [4]. This can help to reduce the overall energy consumption
and costs for the homeowner [5]. To make this possible, advanced energy management algorithms and
control systems are needed to optimize the use of the renewable energy sources and the EV energy
storage systems. Smart grid communication protocols such as Open Automated Demand Response
(OpenADR), International Electro-Technical Commission (IEC) 61850, and IEC 61400-25 can be used
for the integration and communication between the different components in the system [6].

Classification of ancillary services

The ancillary services can be defined as the support to the electricity transfer from the generator to the
end-user. Additionally, ancillary services are a set of services that support the reliable and efficient
operation of the electric power grid [7]. They mainly categorizes into many groups which provided by
generators, transmission and distribution companies, and other market participants to maintain the
balance between supply and demand on the electric grid [8]. Ancillary services are generally divided
into two categories: balancing services and system support services as illustrated in Figure 1. The
Balancing services are including the listed services:

1. Renewable energy integration: EVs can help to integrate renewable energy sources into the
grid by storing excess energy and releasing it when needed.

2. Frequency regulation: EVs can provide power to the grid during periods of high demand,
helping to stabilize the grid's frequency.

3. Reserve:

= Spinning Reserve: EVs can act as a reserve power source, quickly providing power to the grid
when there is a sudden drop in supply.

= Supplementary Reserve

= Backup Reserve

While the system support services are including the presented services with their explanation:

1. Voltage control: maintaining the voltage level on the transmission and distribution system
within acceptable limits.

2. Black start capability: the ability of a power plant to restart itself and restore power to the grid
in the event of a complete blackout.

3. Reactive power support: maintaining the power factor on the transmission and distribution
system within acceptable limits by adjusting the output of power plants.

~ Frequency Regulation Backup reserve
Balanpmg > Reserve Supplementary reserve
Services
Renewable energy Spinning reserve
Ancillary Services sources exploitation
> Voltage control
System | | o
Support ~  Black start capability
—» Reactive power support

Figure 1: Classification of ancillary services [8].

Overall, the use of V2G technology can help to improve the efficiency and reliability of the power grid
and make it more sustainable. By providing these ancillary services, EVs can help to make the power
grid more efficient, reliable, and sustainable [9].

Energy management strategies

In Vehicle-to-Grid (V2G) technology the Power flow in a bidirectional way, the flowed power causes
some additional loads on the grid. The issues in the burden that are caused during charging/discharging
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while using V2G systems can be overcome by EMSs. It is reported in the literature for the classification
of EMS which is two, rule-based and optimization-based [10]-[14]. Rules-based can be subcategorized
into deterministic and fuzzy logic [15]. Whereas optimization-based can be sub-grouped into global
optimization and local optimization. The four main EMS used to solve power flow issues are reported
in the literature, also researchers paying attention toward them. Due to the aforementioned statements,
the EMS objectives are tabulated in Table 1.

Table 1 Energy Management Strategy Objectives [16].

EMS objectives Features
Fuel consumption minimization
Improve fuel economy Energy-optimal travel

Reduce operational costs
Required driving power
Operating mode selections
CO2 emission minimization
Pollutant emission minimization
Prolonged lifetime of ESS
Battery SoC regulation considering battery limitation

Improve Drivability & Comfort Reduced driver tasks

Satisfy constraints

Reduce emission

Use ESS efficiently

Conclusion

In conclusion, Ancillary services play a crucial role in supporting the reliable and efficient operation of
the electric power grid, especially in the context of Vehicle-to-Everything (V2X), V2G, and V2H systems.
Ancillary services can be provided by a variety of market participants, including generators,
transmission and distribution companies, and electric vehicle owners. V2X, V2G, and V2H systems can
provide ancillary services such as frequency regulation, voltage control, spinning and non-spinning
reserve, and black start capability. By using the energy storage capacity of electric vehicles, these
systems can help to balance the grid, reduce demand on the grid during peak hours, and improve
energy efficiency. Furthermore, the integration of renewable energy sources for charging EVs can also
help to reduce dependence on fossil fuels and decrease the overall environmental impact of
transportation. To fully realize the benefits of ancillary services provided by V2X, V2G, and V2H
systems, it is important to have advanced energy management algorithms, communication protocols,
and control systems in place to optimize the use of renewable energy sources and EV energy storage
systems. With the increasing penetration of electric vehicles, and the integration of renewable energy
sources, ancillary services will become more and more important in maintaining the reliability and
stability of the grid.
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