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Enhancement of Reactive Power Compensation
with DSTATCOM Inverter and MMC Technology
Using Solar Photovoltaic Power

S.Amudha, Dr.C.Kumar

Abstract— This paper presents the design of the Distribution Static Compensator (DSTATCOM) a shunt connected device and inverter
with Modular Multilevel Converter (MMC) topology into a single unit without any additional cost known as D-STATCOM INVERTER. When
the source is connected to a nonlinear load, the generation of reactive power in the line is increased. In order to enhance the active power
and to reduce the reactive power D-STATCOM along with INVERTER is used here. Active power required is obtained from solar which
enhances the reactive power compensation. The MMC topology is a new type of Voltage Source Converter (VSC) for Medium or High-
Voltage DC power transmission and other applications such as connecting renewable resources to grids. This inverter is used to control the
active power Modulation Index and reactive power by using the phase angle. This inverter is placed between the grid and solar power to
control the reactive and active power. This inverter provides utilities with more knowledge at end points of the distribution lines which is a
cost-effective inverter and has a capability to regulate active and reactive power on distribution systems. Simulations of the D-STATCOM

inverter, with 5 levels, have done by using MATLAB/Simulink.

Index Terms— Carrier based Pulse Width Modulation (CPW M), Distribution Static Compensator (DSTATCOM), Modular Multilevel

Converter (MMC), Grid Connected, Solar Photovoltaic (PV) Power.

1 INTRODUCTION

HE utility has more concerned about the power quality

issues.Electric Power quality is at rated magnitude and

frequency it maintains a sinusoidal power distribution in
bus voltage.And also,the energy supplied to a customer must
be uninterrupted from the reliability point of view.The majori-
ty of power consumption has been drawn in reactive loads
such as fans and pumps etc.These loads draw lagging power
factor currents in the distribution systems.These excessive re-
active power demand increases feeder losses and reduces the
active power flow capability of the distribution system which
also affects the voltage profile.

Nowadays,it is well known fact known sources of fossil
fuels in the world are depleting very fast and by the turn of
the century,man will have to increasingly depend upon the
renewable resources of energy.A renewable energy system
offers several advantages over conventional energy
sources.They are clean,pollution freeeco-friendly,no green
house gas emissions and health hazards.Solar energy has the
greatest potential of all the sources of renewable energy and if
only a small amount of this form of energy can be used and
also it is one of the most important suppliers of energy espe-
cially when other sources in the form of radiation,can be con-
verted directly or indirectly into other forms of energy,such as
heat and electricity,which can be utilized by man.
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Power electronics device increase the reliability and quali-
ty of power supplied to the customers.Nowadays, with recent
developments in semiconductor technologies, power electron-
ics devices are mostly used in the power system to control the
active and reactive power flow.Power electronics provides
more flexibility and control power systems at both transmis-
sion and distribution sides.Among all power quality con-
cerns,controlling active and reactive power transferring to or
from the grid requires more attention.

Power electronics based FACTS(Flexible Alternating Cur-
rent Transmission System) devices have been developed in
order to provide more knowledge and control on power sys-
tems.The FACTS devices have greater control of power sys-
tems, very fast power swing damping and power transmission
lines securely loaded up to their thermal limits.Traditionally
for a reactive power control on a power grid capacitor bank
are used.With the power electronics based FACTS devices in
power system,the STATCOM have been used in recent days.

This paper presents the design of a DSTATCOM inverter
for renewable energy systems using Modular Multilevel Con-
verter (MMC) topology.The aim of the work is to design a new
type of Inverter with FACTS capabilites to provide utilities
with more knowledge about the distribution sys-
tems,specifically on end points.The inverter is placed between
the renewable energy source,specifically a solar power,and the
distribution grid in order to regulate the active and reactive
power required by the grid.This inverter is capable of control-
ling its Phase Angle and Modulation Index,respectively.The
unique contribution of the proposed work is to combine the
two concepts of inverter and DSATCOM using a Novel Volt-
age Source Converter(VSC) Modular Multilevel Converter
(MMC) Topology in a single unit without any additional cost.
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2 GRID CONNECTED TO PHOTOVOLTAIC

In PHOTOVOLTAIC SYSTEM S, a grid connected inverter
converts the DC output voltage of the solar modules into the
AC system.Here the DSTATCOM inverter converts the DC
output voltage of the solar modules into the AC system.The
grid-connected Photovoltaic System extracts Maximum Pow-
er Point Tracking (MPPT) Technique is usually associated with
a DC-DC converter.The DC-AC injects the sinusoidal current
to the grid and controls the power factor.An important aspect
related to the Photovoltaic System connected to the electric
grid when there is little or no solar radiation.That is important
for compensating the reactive power at peak hours,when the
main grid needs an amount of reactive power higher than av-
erage consumption.

In this inverter control strategy is not capable to control the
active power, but also dynamically reconfigured to change the
magnitude of the reactive power injected into the grid.Some
solutions are proposed to obtain a high reliability inverter.The
basic idea of the proposecontrol is to obtain a low cost and
simple controller.In this method, the active power is con-
trolled by Load Angle and the reactive power is controlled by
the inverter output voltage magnitude.The controller feeds
maximum active power into the grid at unity power fac-
tor,whereas it also allows the adjustment of reactive power fed
into the grid.

Power
Conditioning and
Control

- ®

Grid

PV Panel

Fig. 1. Grid Connected to PV System

3 MODULAR MULTILEVEL CONVERTER (MMC)

For high power electronics applications, modular converters
will greatly reduce the engineering development cost.Power
Electronics Building Block (PEBB) H-Bridge Building Blocks
(HBBB) are possible modular converters that could be easily
reconfigured to various applications.The Cascaded Multilevel
Converter is the most using modularized topology.Besides its
modularity,it has also a lot of advantages as following.

¢ Least number of components compared with other

multilevel topologies

¢ Easy expansion

e Easy to achieve higher power ratings

¢ Easy to add redundancy
In order to find dimensioning factors of a Modular Multilevel
Converter (MMC), an understanding of its basic operating
principles is essential. The schematic of one phase leg of the
Modular Multilevel Converter and its sub-Module(SM) is
shown in Fig.2.Each phase leg consists of two arms, one upper

arm and one lower arm, connected in series between the DC
terminals.The AC terminal is located at the midpoint between
the two arm as shown in Fig.2.Each arm consists of one arm
inductor and N series connected half-bridges with DC capaci-
tors,termed SM’s(Sub-Module).[6-12]. The number of output
voltage levels m in a cascade inverter is defined by,
m=2M+1

Where M is the number of separate DC sources required.

The resistive losses in the converter are modelled as resistors
with the resistance R connected in series with each arm induc-
tor.The purpose of the arm inductors is to limt parasitic currents
and fault currents.In order to limit the parasitic current, the re-
quired arm inductors are typically very small. However, in grid
applications, the arm inductors may be in the range of 0.1 p.u. in
order to limit fault currents.

Upper arm

Vie =

Lower arm

Fig. 2. One phase leg of the Modular Multilevel Converter and its
Sub Module

The converter is controlled in such a way that the voltages across
the Sub-Module capacitors are kept approximately constant.In
this way that the capacitors act as voltage sources that can be in-
serted and bypassed in the chain series connected sub mod-
ules.Consequently, each arm can generate an N+1 level voltage
waveform.The voltage across each chain of series connected sub
modules is referred to as inserted voltage.Ideally, each arm in-
serts an alternating voltage with a DC offset.

4 DSTATCOM

When the STATCOM is applied in the distribution system is
called DSTATCOM is a shunt compensated device which is
generally used to solve power quality problems in distribution
systems.It is used in correcting power factor,maintaining con-
stant distribution voltage and mitigating harmonics in a dis-
tribution network.

The DSTATCOM is designed with GTO or IGBT based
Voltage Sourced Converter connected to the power system via
multi-stage converter transformer.A DSTATCOM is a con-
trolled reactive source, which includes a VSC and a DC link
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Capacitor connected in shunt, capable of generating and/or
absorbing reactive power.The operating principles of a
DSTATCOM are based on the exact equivalence of the conven-
tional rotating synchronous compensator [13-15].
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Fig. 4. Simulation Diagram of DSTATCOM

5 CARRIER BASED PwM GENERATOR

The natural sampling techniques for a Multilevel Inverter are
categorized into two and they are:

¢ Single Carrier Sinusoidal PWM (SCSPWM)

e  Multi Carrier PWM (MCPWM)

Multi carrier PWM is an exclusive control strategy for multi-
inverters and has further classifications as discussed be-
low.Several multicarrier techniques have been developed to
reduce the distortion of outputs in multilevel inverters based
on the classical SPWM with triangular carriers.

The constant switching frequency Pulse Width Modula-
tion (PWM) technique is most popular and is a very simple
switching scheme.For m-level inverter, m-1 carriers with the
same frequency fc and the same amplitude AC are disposed
such that bands they occupy are contiguous.The reference
waveform has peak to peak amplitude Ay, the frequency fn
and it is zero centered in the middle of the carrier set.The ref-
erence is continuously compared with each of the carrier sig-
nal,then the active device corresponding to that carrier is
switched off.

Carrier based PWM methods have more than one carrier
that can be triangular waves or saw tooth waves and so on.As
far as the Particular carrier signals are concerned,there are

multiple CFD(Control Freedom Degree) including frequen-
cy,amplitude,phase of each carrier and offsets between carri-
ers and as in three phase circuits,the injected zero sequence
signal to the reference wave.Therefore multilevel carrier based
PWM methods can have multiple CFD.These CFD com-
binadded with the basic topologies of multilevel invrters will
produce many multilevel carrier based PWM strategies.

6 DSTATCOM INVERTER

When the source is connected to a non-linear load, the genera-
tion of reactive power in the line is increased.In order to en-
hance the active power and to reduce the reactive power
DSTATCOM along with INVERTER is used here.This combi-
nation is achieved by introducing an MMC.Active power re-
quired is obtained from Solar Photovoltaic. And the output is
fed into the DSTATCOM inverter.This inverter is designed to
control the flow of active and reactive power between the so-
lar and the grid.It is able to provide utilities with distributive
control of VAR compensation and Power Factor on feeder
lines[15].

To enhance the reactive power control of the proposed in-
verter, it is equipped with additional DSTATCOM option.The
steady stae operation of the DSTATCOM inverter is controlled
by adjusting Modulation Index and Phase Angle,so that it
provides the desired amount of active power and reactive
power compensation.The Modulation Index is used to control
the active power while the power angle is used to control the
reactive power transferring between the solar and the grid.It
has two modes of operation.They are-

e  When active power is gained from the Solar Power,

which is called INVERTER mode.

¢  When no active power is gained from the Solar Pow-

er, which is called DSTATCOM mode.

The Active and Reactive Power Flow of the DSTATCOM is
as follows:

Ps =mEs EL. Sin 8
X
Qs=mEsELC086-EL2
X

Where Ps , Qs , Es Er, 8, m and X are the Active Power Supply,
Reactive Power Supply, Voltage of DSTATCOM, Line Voltage,
Power Angle, Modulation Index and Inductance between the
inverter and grid respectively.

7 SIMULATION RESULT

To maintain the SM capacitor voltages balanced, a Carrier
Based PWM (CPWM) method is used to control the voltages
of the capacitors.For a 5-level MMC inverter, this technique
requires four in-phase carriers that are displaced with respect
to the zero axis.The output volage level is determined by
comparing a sinusoidal signal reference with these four carri-
ers.With a 5-level inverter,at each instant four SM’s should be
chosen based on their capacitor voltages considering the direc-
tion of the current.Depending on the output voltage level,if
the current is positive,the SM capacitors are being charged,and
therefore a number of SM’s with lowest capacitor voltage
should be chosen Likewise,if the current is negative,the SM
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capacitors are being discharged,and therefore a number of
SM’s with highest capacitr voltage should be chosen.
Generally, when the output voltage of a SM is equal to zero,
it is called off and when the output voltage of a SM is equal to
its capacitor voltage, it is called on.The number of required
SM’s for each voltage level is as shown in TABLE 1.The simu-
lation diagram of DSTATCOM Inverter is shown in Fig.5.By
using the DSTATCOM Inverter we get the same input and

SIMULATION RESULT OF MODULAR MULTILEVEL CONVERTER

TABLE 1

Fig. 7. Output Voltage of DSTATCOM Inverter (Voltage Vs Time)

Level Output ON OFF
Voltage V,
Levell | Vo=- V4 /2 | 4upperSM’s | 4lower SM’s
Level2 | Vo= -V4 /4 | 3upperSM’s | 3lower SM’s
& 1 lower & 1 upper
SM’s SM’s
Level 3 Vo= 10 2 upper & 2 2 upper & 2
lower SM’s lower SM’s
Level 4 Vo=Va /4 1 upper & 3 3 upper &1
lower SM’s lower SM’s
Level 5 Vo=Va /2 | 4lower SM’s | 4 upper SM’s

V o = Output Voltage, V 4. = DC Voltage; SM= Sub-Module

output voltages without anyloss as shown in Fig. (6-7).the
mmc output voltage, real power, reactive power, power fac-

tor, FFT Analysis are shown in Fig.(8-11).

Fig. 5. Overall Simulation Diagram of DSTATCOM Inverter
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Fig. 8. Output Voltage of MMC (Voltage Vs Time)

Fig. 9. Real Power Vs Time and Reactive Power Vs Time

Fig. 6. Input Voltage of DSTATCOM Inverter (Voltage Vs Time)

Fig. 10. Power Factor Vs Time
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Fig. 11. FFT Analysis [10]

8 CONCLUSION i

In this paper, a proposed concept is the design of a DSTAT-

COM Inverter.The proposed inverter suggests a new way in (12]

which small renewable sources can be used to provide control

and support in distribution systems.The MMC DSTATCOM 5,

inverter hs the ability to provide utilities with reactive power

compensation.The aim of a paper to combine the two concepts

of DSTATCOM and Inverter using the most advanced MMC

Topology to make a single unit called DSTATCOM Invert- [14]

er.Here MMC is used as the Voltage Source Converter (VSC)

Topology tomake a DSTATCOM able to regulate reactive and

active power and also it would connect solar power and [15]

grid.This inverter provides utilities with more knowledge at

end points of the distribution lines which is a cost effective

inverter and has a capability to regulate active and reactive [16]

power on distribution.By using MMC,with 5-levels,the

DSTATCOM Inverter has enhanced the reactive power com- [17]

pensation and power factor in feeder lines.
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