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ABSTRACT Effects on Distribution System

Transients Sag
An electric vehicle (EV) charging station can be ”k/\vw{f‘nnqlﬂd\mbﬂ%ﬁ
considered a non-linear load because it typically UU U
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uses power electronics in the forms of rectifiers or Swsll Harmonics
inverters to form the necessary interface required WM\ AUAUnUI\ JJL\ /J\\\ I mih sl phon TR T O o
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the grid. Non-linear loads draw non-sinusoidal "mowow o s om0 w
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current thus resulting in harmonics. In the case of
an EV charging station, the power electronics 1 “
devices can cause harmonic distortion due to their -
switching action. This harmonic distortion can Tl

affect the power quality of the electrical system.
The STATCOM (Static Synchronous Compensator)
is an emerging solution for mitigating harmonics. Multilevel converters have found extensive utilization in STATCOM applications due to their
capacity to enhance the compensator's power rating, rendering it appropriate for medium or high-voltage situations requiring substantial power
output. This results in improved efficiency and reduced electromagnetic interference. The modified cascaded H-bridge topology of multilevel
inverters allows for increased voltage levels and reduced harmonic distortion, while the DQ theory provides a robust and efficient control
strategy. This paper presents a five level modified cascaded H-bridge (MCHB) D-STATCOM controlled with SRF theory to improve harmonic profile
of the EV charging station. The performance is evaluated through MATLAB/Simulink simulation and the results show its effectiveness in improving
power quality under different operating conditions. The proposed system offers several advantages over existing approaches, including increased
voltage levels, reduced harmonic distortion, and improved control performance.
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INTRODUCTION

The widespread use of EV battery chargers in electric networks
would pose a risk to the quality of the electrical power. Grid
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connected EV chargers are rectifier based non-linear devices that
introduce current harmonic and degrade the quality of the electrical
power refl. Fast charging stations have high charging loads, which
results in higher demand for peak loads, smaller reserve margins,
voltage fluctuations, and reliability problems. The location of
charging stations poses a potential impact on the effectiveness of
the entire system, both positively and negatively. As a result, the
positioning of expanding charging stations must take Voltage
stability, Reliability, and Power loss index into consideration?.
Distributed systems are impacted by harmonics and overloads from
EV charging. The impact is seen on transformers, distribution
cables, circuit breakers and fuses at the micro level. According to
simulation studies, the harmonics content is between 25 to 40% 3.
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EV chargers also result in DC offset and an imbalanced load in
addition to harmonics-related problems. The impact of EV charge
controllers on the distribution system may be predicted using
nonlinear load modelling®. Numerous case studies analyzing how
EV charging solutions affect power quality have shown various
harmonics problems with the distribution system. The profile of EV
charger waveforms can be improved by active rectification
employing power electronics switching devices®”®. The researcher
have proposed a numerous remedial actions for resolving power
quality problems.

At the distribution levels, the D-STATCOM has been identified
as a reliable device for compensating reactive power®. The D-
STATCOM can be configured in variety of ways as it can mitigate
harmonics, compensate reactive power and regulate the voltage at
point of common coupling. The heart of the STATCOM is a voltage
source inverter that is often controlled with PWM or some
advanced PWM control techniques. The control strategies are
developed for various functions like reactive power compensation,
harmonics mitigation or voltage regulation and hence various
power quality problems are addressed?.

Multilevel inverters are used in systems with high power quality
requirements for efficient power conversion. They are often
deployed in reactive power compensation devices of industrial
power applications and renewable energy applications. The
multilevel converters can operate at high voltage levels using
semiconductors devices with lower ratings. As a result, they
provide benefits such as decreased electromagnetic interference,
lower voltage rating of switching devices and decreased dv/dt stress
on switching devices. Multilevel inverters are basically configured
as the diode clamped, flying capacitor and cascaded H-bridge!!,
Low frequency and high frequency modulation are supported by all
the different configurations of multilevel inverters. The commonly
used control methods encompass space vector modulation,
selective harmonic elimination, as well as sinusoidal and non-
sinusoidal PWM control techniques. The operational approach for
the switching arrangement of a five-level cascaded H-bridge
multilevel inverter is detailed in ref!?2. The CHB multi-level
inverters have the advantage of requiring fewer parts than diode
clamped and flying capacitor inverters. In contrast to the other two
types of inverters, this inverter configuration boasts lower costs and
is easy to implement. With the adoption of multilevel cascade
inverters, the need for a sizable transformer, which is essential for
conventional multi-phase inverters, clamping diodes in diode-
clamped inverters, or flying capacitors in flying capacitor inverters
is eliminated.

The compensation of reactive power in high power medium
voltage applications is successfully accomplished by the multilevel
inverter D-STATCOM®., A cascaded H-bridge multilevel D-
STATCOM is proposed in ref* for voltage regulation. The D-
STATCOM control strategy for voltage regulation can make up for
up to 25% dip or swell in voltage value. The SPWM?® is also used
in D-STATCOM for maintaining voltage accomplished by
compensating reactive power. The utilization of the multilevel
inverter D-STATCOM proves to be a successful approach in
addressing harmonic issues. In the case of the multi-level D-
STATCOM of ref's, a decrease in THD up to 4.73% was achieved.

Journal of Integrated Science and Technology

Meanwhile, the THD value after compensation for the five-level
STATCOM was even lower, reaching 2.75%.

The multilevel D-STATCOM necessitates careful control circuit
design, switching order, career selection, and suitable reactive
power control method®”. The primary objectives in the development
of the multi-level inverter STATCOM is to use fewer switching
devices and provide output that is almost sinusoidal. The inerter
configuration in ref'® can decrease the number of switching
components. The modulation approach outlined in ref!® has proven
to exhibit lower total harmonic distortion (THD) in contrast with
the conventional method of phase-shifted carrier space vector pulse
width modulation (SPWM). Reference? delves into investigating
the viability of implementing modular multilevel converters for D-
STATCOM. The objective is to enhance reactive power
compensation with high efficiency, while ensuring grid operation
safety and reliability, alongside the integration of elevated energy
capabilities. Additionally, a single-cycle controller proposed in
ref?! showcases notable benefits such as minimal steady-state error
and improved dynamic responsiveness.

With an objective of improving the performance of multilevel
inverter, numerous control techniques are developed by researchers
and designers?>%, For minimizing the number of switching devices
in a standard 5 level CHB inverter, a modified CHB multilevel
inverter configuration?®, as of figure 1 is considered for
development of D-STATCOM for harmonics mitigation of EV
charging station.

]

s

Figure 1. Five Level Modified Cascaded H- Bridge

FIVE LEVELS MODIFIED CHB D-STATCOM FOR EV
CHARGING STATION

The control scheme for power quality improvement with D-
STATCOM is shown in figure 3. At the top of the block diagram a
Pl controller is used to regulate the DC link voltage of the
STATCOM. The DC link voltage is regulated to 300V. The output
of the PI controller is referred as reference direct current. At the
bottom of the control scheme, the grid voltage controller takes input
from actual grid voltage is compared with reference value the error
signal is given to a PI controller which generated reference
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quadrature current. To perform the Park’s transformation, the
required direct and quadrature components are generated from the
grid voltage. The load current is given as input to the Park’s
transformation block and the abc reference frame is converted into
dqO reference frame. The reference direct current is added with
direct current obtained from Park’s transformation of load current
and reference quadrature current is subtracted from the quadrature
current obtained from Park’s transformation of load current.
Inverse Park’s transformation is performed on the resultant direct
and quadrature components to generate the three phase reference
frame. This reference waveform is used to generate the gate pulses
for the inverter switches with sinusoidal pulse width modulation
(SPWM).
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Figure 2. Simulink model of 5 level modified CHB STATCOM
compensated EV charging station

Table 1. System Specifications

Source 11 kV, 50 Hz

Distribution 20kVA, 50 Hz, 11 kv / 400 V

Transformer

Line & Load Line Resistance = 0.4 Q
Line Inductance = 3.55mH
Non-Linear Load:
Active power = 10KW

Reactive power = 10KVAR

D-STATCOM DC Link Voltage = 300V
Capacitor = 1000uF
Switching Frequency = 5 KHz
Filter Inductance = 20mH

Filter Capacitance = 5mF
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Figure 3. Conrol Scheme
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SIMULATION RESULTS AND DISCUSSION

The objective of this simulation is to devise a strategy for
generating pulses in a modified five-level cascaded H-bridge
(CHB) D-STATCOM. The goal is to alleviate the harmonics
produced by an electric vehicle (EV) charging station. The
Simulink model is executed over a span of 1 second. The activation
of STATCOM compensation commences at the 0.3-second mark.
From 0 to 0.3 seconds, the system operates without compensation.
Measurements are taken for both voltage and current waveforms.
Total harmonic distortion (THD) analysis is conducted for the
system during the uncompensated period and with active
compensation. In Figure 4, the waveforms of the source voltage and
current, specifically the point of common coupling (PCC) voltage
and current, are depicted. The impact of introducing STATCOM
compensation becomes evident from the 0.3-second point onward.
With STATCOM intervention, the waveforms exhibit a notably
smoother shape. The source voltage and source current is seen in
figure 4 and figure 5 shows load voltage and load current
waveforms. The wave shapes are indicated to have clear
understanding at pre-compensation and post compensation levels.
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Figure 4. VVoltage and current waveforms of source

The harmonics analysis of the system is done in two parts. In the
first part THD values are monitored for nonlinear load and later the
analysis is done for EV charging load. With nonlinear load, the
current THD without compensation is observed to be 15.23% and
that with STATCOM compensation is seen to be 1.89% as seen in
figure 6 and 7 respectively.
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Figure 5. Load Voltage and Current
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FFT analysis

Fundamental (50Hz) = 32.58 , THD= 15.23%
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Figure 6. THD without STATCOM

FFT analysis
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Figure 7. THD with STATCOM

THD with and without STATCOM for various SoC
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Figure 8. THD of EV charging system with and without STATCOM
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For electric vehicle charging station, the system analysis is done
by considering the SoC of the battery. As we know that the charging
current of the battery reduces with increase in the charging level
(SoC) of the battery. Hence, THD values are noted for various
values of SoC of the EV battery. The figure 8 shows summary of
THD analysis of the system with and without STATCOM. It is seen
that the STATCOM compensation is capable of mitigating the
harmonics of the nonlinear load to a safe value. In case of the EV
charging load combined with nonlinear load, the THD value
without compensation is seen to be increasing with increase in SoC.
This is particularly due to the decrease in fundamental current
which decreases with increase in SoC of the battery. The average
THD post STATCOM compensation is 1.89%. In comparison with
the state of the art models Rekha [16] reported THD of 2.75% and
Mengi [26] report THD of 4.73%, the proposed five level modified
cascaded H-bridge STATCOM give better compensation than state
of the art models.

CONCLUSION

This paper presents a 5 level modified CHB inverter based D-
STATCOM deployed to mitigate the harmonics arising due to EV
charging station. The modified 5 level CHB configuration has only
five switching device per leg as compared to 8 devices in
conventional 5 level CHB inverter. The DQ theory based controller
is developed for controlling the D-STATCOM. The enhancement
of power quality is evident with reduction of harmonics from
15.13% to 1.89%. Graph of THD compensation versus state of the
charge indicates that the developed compensation system is
efficient in mitigating harmonics at any conditions of charging state
in the EV charging station. The D-STATCOM response time to
compensate the disturbances is less than two cycles.
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