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Abstract:

The STATCOM (Synchronous Static Compensator)
based on Voltage Source Converter (VSC) is used for
voltage regulation in transmission and distribution sys-
tems. The STATCOM has emerged as a promising de-
vice to provide not only for voltage sag mitigation but
a host of other power quality solutions such as voltage
stabilization, flicker suppression, power factor correc-
tion and harmonic control. However, STATCOMs are
limited in their ability to improve the system stability
margin due to their restricted capability for delivering
real power.

The integration of Ultracapacitor energy storage sys-
tem (UCESS) into STATCOMSs can provide independent
real and reactive power absorption/injection into/from
the grid, leading to a more economical and/or flexible
transmission controller. The aim of this work is to in-
vestigate how ultracapacitor based energy storage
technology can be used to enhance the capability of
STATCOM units to maintain a high quality of distribu-
tion voltage, performance voltage sagging in the sys-
tem and improve the system stability.
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I.INTRODUCTION:

Quality power supply is essential for proper operation
of industrial processes which contain critical and sensi-
tive loads. These loads include low-power electronics
devices such as process control equipment, computers
as well as power electronics-controlled motor drives.
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Disturbances such as voltage sags and swells, short du-
ration interruptions, harmonics and transients may dis-
rupt the processes and lead to considerable economic
loss. Among the disturbances, voltage sags are con-
sidered to be the most significant and critical. Voltage
sag is a momentary decrease of the voltage RMS value
with the duration of half a cycle up to many cycles. Volt-
age sag can cause serious problem to sensitive loads
that use voltage sensitive components such as adjust-
able speed drives, process control equipment, and
computers.

STATCOM s [1],[2] by their own can exchange reactive
power with the power system, but they are limited in
their ability to improve the system stability margin due
to their restricted capability for delivering real power
because they don’t include energy storage devices.
Recent developments and advances in energy storage
and power electronics technologies are making the
application of energy storage technologies a viable so-
lution for modern power applications. Viable storage
technologies include batteries, flywheels, ultracapaci-
tors, and superconducting energy storage systems.
Some of these energy storage systems have been used
with STATCOMs for steady-state voltage control and to
enhance the performance of power system

The recent development of ultracapacitors provides
a new range of devices which can store significant
amounts of energy. Their main application is for short
term “power boost” type applications where they can
release a large amount of energy quickly, and then re-
charge, with a smaller current if necessary.The aim of
this work is to investigate how ultracapacitor based
energy storage technology can be used to enhance the
capability of STATCOM units to maintain a high quality
of distribution voltage, performance voltage sagging
in the system and improve the system stability.
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IILULTRACAPACITOR ENERGY STORAGE SYS-
TEM:

Ultracapacitors (also known as electrochemical capaci-
tors, supercapacitors or double layer capacitors) are
becoming one of the most interesting solutions due to
their electrical nature, which is characterized by high
power density, good efficiency and an increasing en-
ergy density. Besides, they offer better endurance, reli-
ability, high cycling capability, long lifetime and small
dimension. Furthermore, operation in a wide temper-
ature range is possible, they are more environment-
friendly when compared to batteries, and maintenance
is not required.

These exhibit high energy density in comparison with
conventional capacitors (even when compared to elec-
trolytic capacitors) reaching values of thousands of
Farads. Nevertheless, their nominal voltage is very low
and series connection is required to handle high volt-
age levels. Ultracapacitors are constructed similarly
to a battery in the sense that two electrodes are im-
mersed in an electrolyte with an ion-permeable sepa-
rator between the electrodes in order to prevent the
electrical contact, but still allow ions from electrolyte
to pass through.

The electrodes are made with high effective surface
materials, such as porous carbon or carbon aerogel,
usually carbon, in order to achieve a larger surface.
Charge is stored in those micropores near the interface
between the electrode and the electrolyte. The mecha-
nism of energy storage is more complex in ultracapaci-
tors due to their structure and as a consequence their
dynamic response differs in several ways when com-
pared to a conventional capacitor.

III.SYSTEM OVERVIEW:

Fig.1 summarizes the proposed detailed model of the
STATCOM-UCES for dynamic performance studies. This
model consists mainly of the STATCOM, the ultraca-
pacitor unit and the DC/DC converter to interface both
devices. The STATCOM basically consists of a three-
phase voltage source inverter (VSI) shunt-connected
to the distribution network by means of a step-up A-Y
coupling transformer and the corresponding line sinu-
soidal filter.
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Fig.1. General structure of the STATCOM-UCESS.

The VSI presented corresponds to a DC-AC switching
power converter using Insulated Gate Bipolar Transis-
tors (IGBT). As the power rating of the inverter is inter-
mediate to small, the output voltage control [3],[4],[5]
of the VSI can be achieved through pulse width mod-
ulation (PWM) techniques by using high power fast-
switched IGBTs.The integration of the UCES systeminto
the DC bus of the STATCOM device requires a rapid and
robust bidirectional interface to adapt the wide range
of variation in voltage and current levels between both
devices, especially because of the ultracapacitor fast
dynamic behaviour. Controlling the UCES system rate
of charge/discharge requires varying the voltage mag-
nitude according to the UC state-of-operation, while
keeping essentially constant the DC bus voltage of the
STATCOM VSI.

Hence, a buck/boost DC/DC converter topology by us-
ing high power fast-switched IGBTs is proposed. This
step-down and step-up converter allows decreasing
the ratings of the overall power devices by regulating
the current flowing from the UCES to the inverter of
the STATCOM and vice versa. The power circuit for the
UCESS is shown in Fig.2. The specified current and volt-
age ripple are used to derive the inductance (L), and
nominal DC link voltage respectively. The UCESS and
STATCOM both connect to the DClink capacitor, a con-
ventional electrolytic capacitor C. Csc is the superca-
pacitor module, D is a diode, and IGBT is an Insulated
Gate Bipolar Transistor.
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Fig.2. Circuit diagram of UCESS
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The DC-to-DC converter operates in “Buck Mode”
[6] to recharge the Ultracapacitors, whereas “Boost
Mode” transfers the stored energy to the DC link main-
taining the DC link voltage constant during real power
delivery.

A.STATCOM-UCESS controller:

The control system designed in this research for the
UCESS is similar to the one used in[7]. The control sys-
tem consists of two parts; namely boost mode control
and buck mode control.
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Fig.4. UCESS buck mode control

In the UCESS boost mode control, the controller con-
sists of one control loop which controls the discharge
current inside another control loop that controls the
DC link voltage. (Fig.3) shows the control block dia-
gram for the UCESS in boost mode.

In the UCESS buck mode control, the controller con-
sists of one control loop which controls the charging
current inside another control loop that controls the
Ultracapacitor voltage. (Fig.4) shows the control block
diagram for the UCESS in buck mode. In both modes,
the inner current loop current control is based on peak
current control mode. The details of the peak current
control mode are well explained in. The outer voltage
controllers are conventional Pl controllers.

IV.SIMULATION OF STATCOM-UCESS:

The basic theme of connecting UCESS with STATCOM
formulates the compensation of both active and reac-
tive Power. STATCOM contribution in case of elimina-
tion of sag occurred in the power system has been con-
centrated in this paper. The system in Fig 5 consists of
Power System Network of ratings as VL=400V (Phase),
IL=5A. Then Single phase Sag from 0.15 to 0.25sec and
a Double phase Sag from 0.1 to 0.2sec has been intro-
duced in the System.

; M S| E e A .

Fig.5. (@) Matlab simulink for Single Phase Sag From
0.15 to 0.25Sec of STATCOM-UCESS.

Fig.5. (b) Matlab simulink for Double Phase Sag From
0.1to 0.2Sec of STATCOM-UCESS

V. SIMULATION RESULTS:

The obtained simulation results have been shown in
Fig.6, Fig.7 and Fig.8 which represents the mitigation
of sag with the help of STATCOM and UCESS.
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The voltage of the ultracapacitors rise rapidly in the ini-
tial stage of charging, When the external system had
failure, the voltage of the ultracapacitors stop rising
but began to decline with the discharging process. And
the voltage of the ultracapacitors slowly decreased.
When the external system restored, the voltage of the
ultracapacitors maintain constant.

Fig.6 (a) shows the voltage waveform under abnormal
condition i.e., when a Single Phase Sag between 0.15
to 0.25 sec occurred in the external system, Fig.6 (b)
shows the contribution waveform of STATCOM-UCESS,
Fig.6 (c),(d) shows the voltage and current waveforms
after Mitigation the Single Phase Sag by STATCOM and
UCESS
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Fig.6.(a) System operating under abnormal condi-

tion, Occurrence of a Single Phase Sag between 0.15

to 0.25 sec (b)Contribution Of Statcom-UCESS (c),(d)

Bus Voltage and current at PCC after Mitigation of the
Single Phase Sag

Fig.7 (2) shows the voltage waveform under abnormal
conditioni.e., when a Double Phase Sag between 0.1to
0.2 sec occurred in the external system, Fig.7 (b) shows
the contribution waveform of STATCOM-UCESS, Fig 7
(c),(d) shows the voltage and current waveforms after
Mitigation the Single Phase Sag by STATCOM and UC-
ESS.
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Fig.7.(a) System operating under abnormal condi-

tion, Occurrence of a Double Phase Sag between 0.1

to o.2sec (b)Contribution Of Statcom-UCESS (c),(d)

Bus Voltage and current at PCC after Mitigation of the
Single Phase Sag
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Fig.8 clearly shows the supply of real and reactive pow-
er to the system during the Sag.

(b)
Fig.8. (a) Active and Reactive power without STAT-
COM and UCESS (b) Active and Reactive power with
STATCOM and UCESS.

VI.CONCLUSION:

In this paper, STATCOM is integrated with the UCESS
which allows STATCOM to deliver the real power to
the network for short period of time and also it was
observed that the PCC bus voltage is very close to
the reference value, i.e., 1pu and the voltage sags are
minimized completely. Moreover, through simulation
results we can judge that the charge/discharge of the
capacitor is rapid and hence the response of the STAT-
COM is fast. It can therefore be seen that the Ultraca-
pacitors with a DC-to-DC converter and proper control
can help STATCOMs deliver both active and reactive
power instantaneously into grid, which is the key to
improving and enhancing the transient stability of the
power system.
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