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ABSTRACT

This paper introduces a novel idea of using a photovoltaic (PV) sun oriented ranch inverter as
STATCOM, called PV-STATCOM, for enhancing stable power exchange points of
confinement of the interconnected transmission framework. The whole inverter rating of the PV
sunlight based homestead, which stays lethargic amid evening, is used with voltage and
damping controls to upgrade stable power transmission limits. Amid daytime, the inverter limit
left after genuine power generation is utilized to finish the previously mentioned objective.
Transient solidness thinks about are led on a sensible single machine unbounded transport
control framework having a midpoint found PV-STATCOM utilizing EMTDC/PSCAD
reproduction programming. The PV-STATCOM enhances the steady transmission restrains
generously in the night and in the day even while producing a lot of genuine power. Power
exchange increments are additionally exhibited in a similar power framework for: 1) two sun
based ranches working as PV-STATCOMs and 2) a sunlight based homestead as PV-
STATCOM and an inverter-based breeze cultivate with comparable STATCOM controls. This
novel usage of a PV sun oriented ranch resource would thus be able to enhance control
transmission limits which would have generally required costly extra gear, for example,
arrangement/shunt capacitors or separate adaptable air conditioning transmission framework
controllers.

1. INTRODUCTION

Flexible AC transmission system (FACTS)
controllers are  being  increasingly
considered to increase the available power
transfer limits/capacity (ATC) of existing
transmission lines [1]-[4], globally. New
research has been reported on the nighttime
usage of a photovoltaic (PV) solar farm
(when it is normally dormant) where a PV
solar farm is utilized as a STATCOM-a

FACTS controller, for performing voltage

control,  thereby improving  system
performance and
connectivity of neighboring wind farms [5],
[6]. New voltage control has also been
proposed on a PV solar farm to act as a
STATCOM for improving the power
transmission capacity.Although, [8] and [9]
have proposed voltage-control functionality

with PV systems, none have utilized the PV

increasing grid

system for power transfer limit
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improvement. A full converter-based wind
turbine generator has recently been
provided with FACTS capabilities for
improved response during faults and fault
ride through capabilities.This  paper
proposes novel voltage control, together
with auxiliary damping control, for a grid-
connected PV solar farm inverter to act as a
STATCOM both during night and day for
increasing stability and
consequently the power transmission limit.
This technology of utilizing a PV solar farm
as a STATCOM is called “PV-
STATCOM.” It utilizes the entire solar farm
inverter capacity in the night and the
remainder inverter capacity after real power
generation during the day, both of which
remain unused in conventional solar farm
operation.Similar  STATCOM  control
functionality can also be implemented in
inverter-based wind turbine generators
during no-wind or partial wind scenarios for
improving the transient stability of the
system. Studies are performed for two
variants of a single-machine infinite bus
(SMIB) system. One SMIB system uses
only a single PV solar farm as PV-
STATCOM connected at the midpoint
whereas the other system uses a
combination of a PV-STATCOM and
another PV- STATCOM or an inverter-
based wind distributed generator (DG) with
similar STATCOM functionality. Three-
phase fault studies are conducted using the

transient

electromagnetic transient software
MATLAB, and the improvement in the
stable power transmission limit 1is
investigated for different combinations of
STATCOM controllers on the solar and

www.ijiemr.org

wind farm inverters, both during night and
day.

2PV SOLAR PLANT CONTROL
CIRCUIT

The synchronous generator is represented
by a detailed sixth order model and a
DCI1A-type exciter. The transmission-line
segments TL1, TL2, TLI1, TL12, and
TL22, shown in Fig. 1, are represented by
lumped pi-circuits. The PV solar DG, as
shown in Fig. 2, is modeled as an equivalent
voltage-source inverter along with a
controlled current source as the dc source
which follows the - characteristics of PV
panels [11]. The wind DG is likewise
modeled as an equivalent voltage- source
inverter. In the solar DG, dc power is
provided by the solar panels, whereas in the
full-converter-based wind DG, dc power
comes out of a controlled ac—dc rectifier
connected to the PMSG wind turbines,
depicted as “wind Turbine-Generator-
Rectifier (T-G- R).” The dc power produced
by each DG is fed into the dc bus of the
corresponding inverter, as illustrated in Fig.
7.2. A maximum power point tracking
(MPPT) algorithm based on an incremental
conductance algorithm [12] is used to
operate the solar DGs at its maximum
power point all of the time and is integrated
with the inverter controller [11]. The wind
DG is also assumed to operate at its
maximum power point, since this proposed
control utilizes only the inverter capacity
left after the maximum power point
operation of the solar DG and wind DG.For
PV-STATCOM operation during nighttime,
the solar panels are disconnected from the
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inverter and a small amount of real power is
drawn from the grid to charge the dc
capacitor.The voltage-source inverter in
each DG is composed of six insulated- gate
bipolar transistors (IGBTs) and associated
snubber circuits as shown in Fig. 7.2. An
appropriately large dc capacitor of size 200
Farad is selected to reduce the dc side ripple
[13].Each phase has a pair of IGBT devices
which converts the dc voltage into a series
of variable-width pulsating voltages, using
the sinusoidal pulse width modulation
(SPWM) technique [14]. An L-C-L filter
[13] is also connected at the inverter ac side

3.CONTROL SYSTEM

1) CONVENTIONAL REACTIVE
POWER CONTROL:

The conventional reactive power control
only regulates the reactive power output of
the inverter such that it can perform unity
power factor operation along with dc-link
voltage control [15]. The switching signals
for the inverter switching are generated
through two current control loops in - -0
coordinate system [15], [16]. The inverter
operates in a conventional controller mode
only provided that “Switch-2” is in the
“OFF” position. In this simulation, the
voltage vector is aligned with the quadrature
axis, that is, O [15], [16], hence, is only
proportional to which sets the reference for
the upper control loop involving PII.
Meanwhile, the quadrature axis component
is used for dc-link voltage control through
two PI controllers (PI-2 and PI-3) [14], [16]
shown in Fig. 2(b) according to the set point
voltage provided by the MPPT and and
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injects all available real power “P” to the
network [15].To generate the proper IGBT
switching signals (gtl, gt2, gt3, gt4, gt5,
gt6), the — components ( and ) of the
modulating signal are converted into three-
phase sinusoidal modulating signals and
compared with a high-frequency (5-kHz)
fixed magnitude triangular wave or carrier
signal.

2)PCC VOLTAGE CONTROL:

In the PCC voltage control mode of
operation, the PCC voltage is controlled
through reactive power exchange between
the DG inverter and the grid. The
conventional “ ” control channel is replaced
by the PCC voltage controller in Fig. 2(b),
simply by switching “Switch-1” to the
position “A.” Hence, the measured signal at
the PCC 1is compared with the preset
reference value and is passed through the PI
regulator, PI-4, to generate.The rest of the
controller remains unchanged. The upper
current control loop is used to regulate the
PCC voltage whereas the lower current
control loop is used for dc voltage control
and as well as for the supply of DG power
to the grid. The amount of reactive power
flow from the inverter to the grid depends
on set point voltage at the PCC. The
parameters of the PCC voltage controller
are tuned by a systematic trial-and-error
method to achieve the fastest step response,
least settling time, and a maximum
overshoot of 10%—15%. The parameters of
all controllers are given in the Appendix.
3)Damping Control:

A novel auxiliary damping controller is
added to the PV control system and
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shown in Fig. 7.2. (b). This controller STATCOM using these reasonably good
utilizes line current magnitude as the controller parameters.
control signal. The output of this 4.SIMULATION OF PROPOSED

controller is added with the signal. The WORK
transfer function of this damping

controller is expressed.At first, the base-

case generator operating power level is i 1 == ':"-I —— :I “Ta
selected for performing the damping '
control design studies. This power level
is considered equal to the transient
stability limit of the system with the solar
farm being disconnected at night. At this
operating power level, if a three-phase
fault occurs at Bus 1, the generator power
oscillations decay with a damping ratio of
5%. The solar farm is now connected and MATLAB/SIMULINK Diagram of Complete DG
operated in the PV-STATCOM mode.
The parameters of the damping controller
are selected as follows. The washout time PCC voltage-control system.
constant is chosen to allow the generator

electromechanical oscillations in the

I
ch «h

(solar/wind) system model with a damping controller and

frequency range up to 2 Hz to pass
through [19]. The gain , time constants ,
and are sequentially tuned to obtain the L

fastest  settling  time  of  the e | =
electromechanical oscillations at the B

base-case generator power level through

repetitive simulations. Thus, the best Py model in matlah
combination of the controller parameters
is obtained with a systematic hit-and-trial
technique, and the parameters are given
in the Appendix. It is emphasized that
these controller parameters are not
optimal and better parameters could be

(a)

obtained by following more rigorous
control-design techniques [19], [20].
However, the objective of this paper is
only to demonstrate a new concept of
using a PV solar farm inverter as a Night time (a) generator power Pg (B) infinite bus power Pinf

(b)
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increased by 168 MW during nighttime and
by 142 MW in daytime even when the solar
DG is generating a high amount of real

power.
2) In Study System II, the transmission

(@)

capacity in the night can be increased
substantially by 229 MW if no DG is
producing real power. During nighttime and
daytime, the power transfer can be
increased substantially by 200 MW, even
when the DGs are generating high real

(b)

S. CONCLUSSION .

power. This study thus makes a strong case
Solar farms are idle during nights. A for relaxing the present grid codes to allow
novel patent- pending control paradigm selected inverter-based renewable
of PV solar farms is presented where they generators (solar and wind) to exercise
can operate during the night as a damping control, thereby increasing much
STATCOM with full inverter capacity needed power transmission capability. Such
and during the day with inverter capacity novel controls on PV solar DGs (and
remaining after real power generation, for inverter-based wind DGs) will potentially
providing significant improvements in the reduce the need for investments in
power transfer limits of transmission additional expensive devices, such as
systems. This new control of PV solar series/shunt capacitors and FACTS. The
system as STATCOM is called PV- PV- STATCOM operation opens up a new
STATCOM. The effectiveness of the opportunity for PV solar DGs to earn
proposed controls is demonstrated on two revenues in the nighttime and daytime in
study SMIB systems: System I has one addition to that from the sale of real power
100-MW PV-STATCOM and System II during the day. This will, of course, require
has one 100-MW PV-STATCOM and appropriate  agreements between the
another 100-MW PV-STATCOM or 100- regulators, network utilities, solar farm
MW  wind farm  controlled as developers, and inverter manufacturers.
STATCOM. Three different types of REFERENCES
STATCOM controls are proposed for the [11 R. M. Mathur and R. K. Varma,
PV solar DG and inverter-based wind Thyristor-Based FACTS Controllers for
DG. These are pure voltage control, pure Electrical Transmission Systems.
damping control, and a combination of Hoboken, NJ, USA: Wiley/IEEE, 2002.
voltage control and damping control. The [2]1 S. A. Rahman, R. K. Varma, and W.
following conclusions are made: 1) In Litzenberger, “Bibliography of FACTS
study applications for grid integration of wind

system I, the power transfer can be and PV solar power systems: 1995-2010,
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