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Abstract:

Electric Vehicles (EVs) are gaining popularity due to their role in reducing air
pollution, utilizing renewable energy sources, and offering lower charging costs
compared to internal combustion engine (ICE) vehicles. However, EVs can be truly
sustainable only when charged from renewable energy sources. With advancements
in power converter technology and EV charging infrastructure, bidirectional
charging systems have emerged, enabling Vehicle-to-Grid (V2G) operation to
support the grid. Charging an EV during the day and supplying power back to the
grid when needed allows EV owners to get financial profits. However, the
integration of power converters in bidirectional charging can impact grid
parameters, leading to power quality issues. To mitigate these effects and enhance
grid stability, this paper proposes a feed forward decoupled control method. The
proposed control approach effectively reduces harmonics and improves the total
behaviour of the system. The model is developed and simulated in
MATLAB/Simulink to validate the effectiveness of the suggested method.
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I. Introduction

The adoption of Vehicle-to-Grid concept is gaining momentum due to its ability to
minimize dependence on fossil fuels, lower emissions, and contribute to the
decarbonisation of transportation [1]. Additionally, it plays a key role in modern urban
mobility solutions by enabling controlled power exchange between electric vehicle
batteries (EVB) and the power grid [2]. In a V2G-enabled system, electric vehicles
(EVs) act as distributed energy resources (DERs), temporarily storing and supplying
energy to the grid based on demand [3], [4]. This enhances grid stability, reliability,
and efficiency while increasing overall power generation capacity [5]. EVs with
bidirectional power transfer capability support utility operators by providing reactive
power compensation, load balancing, harmonic filtering, peak load shaving, and

1407 www.scope-journal.com



Scope
Volume 15 Number o1 March 2025

reserve power management [6]. Additionally, EV owners can benefit from financial
incentives by supplying stored energy back to the grid when required [7], [8]. To
facilitate seamless bidirectional power transfer, an efficient charging system is
necessary to ensure proper EV battery charging and power injection into the grid
while lowering power quality disturbances.

The performance of bidirectional EV chargers depends on various factors,
including charging and discharging strategies, power conversion efficiency, and
system topology [9]. Bidirectional DC-DC converters are particularly advantageous
due to their high voltage conversion ratios, scalability, efficiency, and ability to
operate in both charging and discharging modes [10], [11], [12]. These converters help
improve voltage stability, frequency regulation, and overall power quality of the grid
[13]. In addition, smart grid integration and IoT-based energy management systems
enable dynamic pricing models, allowing EVs to optimize energy exchange based on
time-of-use tariffs [14]. EVs are also envisioned as active energy resources that not only
supply energy back to the grid also facilitate charging for other EVs, contributing to
the progress of a smart grid ecosystem [15], [16]. Integrating multiple energy sources
further enhances the V2G framework [17], [18]. Several studies have reviewed the
benefits and policies associated with V2G implementation [19]. Furthermore, system-
level EV coordination strategies can significantly reduce load curtailment, improving
grid resilience compared to independent EV operations [20].

This paper presents a 3-phase bidirectional EV charging system connected to a
400V, 50Hz grid with support for both Grid-to-Vehicle and Vehicle-to-Grid. The
model utilizes a bidirectional DC-DC converter to regulate power flow operating in
buck operation for charging and boost operation for discharging. A Proportional-
Integral (PI) controller is employed to supervise battery voltage and current, ensuring
stable power transfer. The examination evaluates the State of Charge (SOC), electric
vehicle battery voltage, and current during charging and discharging, along with the
impact of V2G and G2V operations on grid voltage and inverter performance.

The formation of this article is as follows:

Section I support an overview of existing research and highlight the significance of
a bidirectional charging system. Section II describes the system model, which has been
developed using MATLAB/Simulink. Section III explains the control strategy
implemented to regulate bidirectional power flow. Section IV presents the simulation
results with detailed discussion of the findings. Finally, in section V summarizes the
key findings derived from the study.
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II. System design
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Fig.1 Architecture of the EV charging system

Figure 1 illustrates the offered three-phase bidirectional electric vehicle (EV)
charging system, providing an overview of its structure. The system consists of an EV
battery and a charging station, which facilitates charging based on either AC or DC
configurations. In this model, a DC-based charging configuration is implemented. A 3-
phase Voltage Source Converter (VSC) is incorporated to convert DC to AC during the
discharging phase, enabling power transfer back to the grid. A feedforward control
strategy is applied to monitor and regulate the converter output voltage, ensuring
stable operation. Additionally, Phase-Locked Loop (PLL) is employed to maintain
synchronization between the grid voltage and frequency. The diagram also includes a
bidirectional arrow, representing the charging and discharging process, along with the
power flow direction.The proposed model is developed using a battery voltage rating
of 240V and a capacity of 1000Ah. A comprehensive list of system parameters is
provided in Table I for reference.

III. Control Methodology

A 3-phase voltage source converter (VSC) is controlled using a feed forward
decoupled control strategy with d-q axes to improve the system stability and response
time is depicted in fig.2. The proposed control method effectively achieves the DC-bus
voltage and bidirectional power flow in both the modes of operation.
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Fig.2 Feedforward decoupled control method for VSC converter
The outer voltage loop controls thevoltageby comparing reference DC-bus voltage
(Vdc_rer) with the actual dc-link voltage (V4c) and is analysed via PI controller to achieve
controlled voltage which is shown in fig.2. The reference DC-bus voltage is as follows:

Idref = Kpl (I”:icref — v:ic) + K /(I’:icref e v:g,-)df —————— (1)

The inner current loop ensures the tracking of reference currents from the d-q axes
components in the d-q frame. To control the reactive power generation the the g-axes
reference current is given by

Iqref - Kpﬂ(w'ef - 1”:1!3::} §E Ki’2 ‘/(errf — mbc)df ______ @)

Where Vs the grid voltage reference, Vacis the actual grid voltage,K,. and Kiz are the
gain values. The voltage components in the d-q frame are regulated by the feed forward
terms are given by the below equations.

V;i - KpS (Id-:'ef - Id) -+ KH f(Idref - Id}df: + WLIq ______ 3)

‘V‘; = K’P‘I{Iqﬁ?f - IIJ} : & Ki4 f(IqrgJ" - Iq)dt — wLId ______ (4)

Where Iq4, 1§ are the d, q axes currents and wLIq and wLId are the feed forward
decoupling terms. To generate the signals to the VSC, again the d-q frame is converted
to abc form using the inverse park transformation. The equation for the d-q voltage
components are given as follows:

Vo| = |cos(8@ —120°) —sin(f —120°)

V. cos(f +120°) —sin(@ + 120°)

V. cos @ —siné
§

‘)

Where o is the phase angle from the Phase-Locked Loop(PLL).

IV.  RESULTS AND DISCUSSIONS

The proposed model is designed to operate at a total power of 5 kW and has been
developed and simulated using MATLAB/Simulink. The system's performance is
analysed under both static and dynamic operating conditions across different modes of
operation. Figure 3illustrates the grid voltage (Vg) and current (I;) waveforms, where
the V; is 400V, and the corresponding grid current is 5A in Per Unit (p.u.) values. The
observed results indicate that the Vgis 1 p.u., and the Igis 0.5 p.u., with both waveforms
being in phase alignment. When the Vgand I are in the same phase, it signifies that
power is flowing from the grid to the electric vehicle, indicating the Grid-to-Vehicle. In
this state, the EV battery is charged from the grid while maintaining a unity power
factor, ensuring efficient power transfer.Figure 4 presents the Vgand Ig waveforms in the
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Per Unit (p.u.) system, where both signals are out of phase by 180°. This phase shift
indicates that the electric vehicle battery is supplying back energyto grid, which
typically occurs over the peak demand hours to support grid stability. In the waveform
representation, the Vgis depicted in green, while the Lgis shown in brown, clearly
illustrating the power flow direction from the EV to grid. This mode of operation,
known as Vehicle-to-Grid mode, enables efficient energy exchange and enhances grid
reliability.
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Fig. 3 Grid parameters during G2V
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Fig. 4 Grid parameters during V2G

Figure 5 illustrates the real and reactive power characteristics of the proposed
charging station. The results indicate that the system consumes 5 kW of real power,
ensuring efficient power utilization with minimal losses. In the graphical
representation, the active power (P,) is depicted in green, while the reactive power (Q,)
is shown in yellow, providing a clear distinction between the power components. This
analysis highlights the system's ability to effectively manage power flow, contributing to
stableand efficient operation
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Fig.6System performance in G2V mode

www.scope-journal.com

The steady-state performance of the model under Grid-to-Vehicle is analysed and
presented in Figure 6. The results indicate that the V; and Ig are in phase, confirming
that the grid is supplying power to charge the battery. Additionally, the converter
current and battery parameters are monitored during this mode. The observations
show that the battery current (Ip) is -2A, and the battery voltage (Vp) is 1000V,
signifying that the EV battery is being charged. Furthermore, the State of Charge of the
battery exhibits an increasing trend, indicating continuous energy transfer from the
grid-to-vehicle.Figure 7 illustrates the Vehicle-to-Grid (V2G) mode, where the grid
voltage (Vg) and grid current (Ig) are out of phase, indicating that the electric vehicle
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(EV) is supplying power back to the grid. The power transfer occurs based on the
battery's State of Charge (SOC) and grid demand, ensuring efficient energy exchange.
The system dynamically adjusts power flow to support the grid, enhancing overall
stability and reliability.
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Fig.7Performance of system under V2G

1413 www.scope-journal.com



Scope
Volume 15 Number o1 March 2025

/X\ Q(:X\ \X//X\ QC/X\ \X:X\ N

2 Zl]l

2 .02

0%00@66@%@

2 2.0 2.02 2.03 2.04 2.05 2.06 2.07 2.08 2.09 21

1000 I I I T T T T T T

0 | | | I I I I I I
2 2.01 .02 2.03 2.04 2.05 2.06 2.07 2.08 2.09 2.

S; o | | | \ 4
=
5

| | | | | | | | |
2 .01 .02 2.03 2.04 .05 2.06 .07 2.08 .09 21

49.99865 ] ] ] ] ] ] R
SOC(%)

Discharging mode Chargingmode
49.9986 W

4999,'55 Il Il Il 1 1 1 1 1 1
2 2.01 2.02 2.03 2.04 2.05 2.06 2.07 2.08 2.09 21
Time(s)

Fig.8 Performance of system under sudden change in V2G to G2V transition

The system is also evaluated under a sudden transition from V2G to G2V mode to
analyse its dynamic response which is depicted in figure 8. The observations indicate
that between 2 to 2.05 seconds, the system operates over V2G mode, with Vg and Ig in
phase, confirming power transfer from the EV battery to the grid.After 2.05 seconds, the
system undergoes a rapid shift to G2V mode, where the battery transitions from
discharging 5A to charging with 5A. Despite this sudden change, the system maintains
stable operation, with only minor distortions in the grid current waveform, which
remain within IEEE standards, ensuring power quality and reliable performance.
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Fig.10 THD of grid current during V2G mode

The power quality improvement of the proposed model is evaluated through

harmonic analysis. The Total Harmonic Distortion (THD) of the grid current is
analysed in both G2V and V2G modes to assess power quality. The results indicate that
in G2V mode, the THD is 0.80%, which is significantly low depicted in fig.9, while in
V2G mode the THD is 1.53% due to power being fed back to the grid shown in fig.10. In
both operating modes, the system ensures that harmonic levels remain within the IEEE
standards applicable in India, maintaining overall grid stability and power quality.
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V. Conclusion

This paper presented a bidirectional electric vehicle (EV) charging system designed
to efficiently manage power flow and ensure smooth energy transfer. The proposed
model was developed and simulated in MATLAB/Simulink to evaluate its performance.
A feedforward decoupled control method was implemented to regulate active power
independently, contributing to improved system stability. MATLAB results confirm that
the recommended controller effectively enhances power quality, achieving THD values
of 0.8% in G2V mode and 1.53% in V2Goperation. Additionally, the system
demonstrated reliable charging and discharging of the battery during sudden mode
transitions, ensuring seamless operation between G2V and V2G modes. These findings
show the efficacy of the control strategy in maintaining system performance and
improving power quality in bidirectional EV charging applications.

Table 1

System Parameters
Parameters Value
DC link voltage | V4c =700V DC
Each Nominal | Vp=1000V
voltage of
battery
Battery rated | Cp=200 Ah
capacity
Bidirectional L =13.4 mH
converter
inductance
Filter values Li=o.1H, Lg=0.608mH,

Cf=27.6pf

Switching fs=5kHz
frequency
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