Novateur Publication’s

International Journal of Research Publications in Engineering and Technology (ISSN No: 2454-7875)
Conference Proceedings of A National Conference on “Modern Trends in Electrical Engineering”

(NCMTEE-2K17) 27th March 2017

CONTROL APPLICATION OF PV SOLAR FARM AS STATCOM FOR
INCREASING GRID POWER TRANSFER CAPACITY

PRIYANKA R. YELPALE

M-Tech Electrical Power Systems

Department of Electrical Engineering Rajarambapu Institute of Technology

Islampur-415414, India, Makeinelectrical23@gmail.com

DR. H. T. JADHAV
HOD, Department of Electrical Engineering Rajarambapu Institute of Technology Islampur-415414, India htj@ritindia.edu

MRS. A. A.CHANDNE
Assistant Professor, Department of Electrical Engineering, SKN Sinhgad College of Engineering
Korti, Pandharpur-413308, India, anjali.chandane@gmail.com

ABSTRACT

This paper presents a new control strategy for grid
integrated PV solar farm so that it can operate as
STATCOM, for improving grid power transmission
capacity. Solar farms produce power during day and
are completely inactive in nights. The whole ratings of
PV Solar Farm, which remain dormant during night,
are utilized with voltage and damping control to
increase power transmission capacity. The inverter
capacity left after the real power production is used to
perform above objective. This new control strategy of
PV Solar Farm improves power transmission capacity,
for which other expensive alternatives are used such
as series/shunt capacitor or separate flexible AC
transmission system controllers.

KEYWORDS: flexible ac transmission systems (FACTS),
inverter, photovoltaic solar power system, STATCOM,
damping control, reactive power control, transmission
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INTRODUCTION

Recently renewable energy sources are the main attention
for the solution to guarantee energy security and reduce
greenhouse gases and also the large scale research
activities are carried out in this field. PV system is
becoming more popular for connecting to the grid both on
large and small scale. Transmission grids are presently
facing the challenges in integrating such renewable
systems due to their limited power transfer capacity. To
increase the available power transfer capacity of the
existing lines, series compensation and FACTS devices are
considered and in extreme condition there is need to
construct new lines which are at very high expense.

To improve power transfer capacity and also to control
power flow, the line losses in transmission line will be
reduced, so that it will meet the required power demand.

For controlling the voltage and the power flow, reactive
power compensation is essential. Wherever and whenever
there is need to control power flow and voltage reactive
power is injected at the particular location using the FACTS
devices such as, SVC, STATCOM and SSSC. Now a day
FACTS devices are being increasingly considered for
increasing the available transfer capacity (ATC) of existing
lines [1]. PV. solar farm produces real power during
daytime and during nights they are completely idle. These
are very expensive asset which are remains entirely
unutilized in the nighttime and not brings any revenue for
the solar plant owner. A key component of PV solar farm is
a voltage source converter or inverter which is also a core
element of Flexible AC Transmission System (FACTS)
device- STATCOM. So that it is possible to utilize solar
inverter as STATCOM to reduce the use of FACTS device. A
new concept of utilizing solar farm inverter as STATCOM
during nighttime for voltage control was proposed in [4],
[5]. But this concept was not demonstrated for daytime
operation of solar farm. Solar inverters, while generating
active power, also controlled for reactive power
compensation for loads connected at its terminals [6].
Some earlier paper was presented with the sunny mode
and night mode operation of PV grid connected inverters
[7], [8]. Some paper utilize PV solar farm inverter as
STATCOM which is FACTS controller for performing
voltage control, hence improving the system performance
and increasing grid connectivity of neighboring wind farms
[9]. [10] Propose a new voltage control on PV solar farm to
act as STATCOM for improving power. [11] and [12]
proposes the voltage control functionality with PV system

This paper proposes the new control strategy with
conventional control with DC voltage regulation and
damping control, for grid connected PV solar farm inverter
to act as STATCOM both during day and night time for

improving grid power transmission capacity. This
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technology of utilizing solar farm inverter as STATCOM is
called “PV-STATCOM”. This utilizes the entire solar farm
inverter capacity in the night and the remainder inverter
capacity after real power generation during day, both of
which remains unutilized in conventional solar farm
operation. The system study is carried out in MATLAB
Simulink software, and results are verified with normal
condition.

The section II describes the system modeling of all
components required in simulation. The results of
MATLAB Simulink are presented in section III. The
performance of proposed control during daytime and
nighttime are presented. The conclusion is presented in
section IV.

Il. SYSTEM MODELS

A. PHOTOVOLTAIC TECHNOLOGY-

The Photovoltaic system directly convert sunlight into
electricity. PV cell is the basic device of PV system. These
PV cells may be grouped to form panels or array. The
output voltage and current available at the terminals PV
device directly feed to the small loads such as lightning
system and dc motors. PV system consists-of PV modules
also called PV panels which are power generating devices.
For large scale PV system, number of PV modules are
connected in series to form a ‘string’ and number of string
having parallel with each othe to form ‘array’. Photovoltaic
modules having PV cells® also in series and shunt
configuration connection. PV cell is nothing but the
formation of pn-junction from the dopping of p-type and n-
type substrates thatare able to produce DC currentand DC
voltage due to PV effect on semiconductores. Due to series
and shunt combination of cells in the module there is
increase.in level of voltage and current.

Fig 1 Four-Parameter Model of solar cell equivalent circuit

The I-V characteristics of PV cells is described by the
following equation
I=I-Ip (1)

Where L I refers to the light current and D I is the diode
current. Using Shockley equation, the diode current can be
expressed as
I, =1, exp(M] - 1}_
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Substitute equation (2) into equation (1), and we get
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In the equations above, Iir , refers to the light current at
reference condition;lo,Ior, the reverse saturation current,
actual and at reference condition respectively; Tc, Tcr, the
cell temperature, actual and at reference condition
respectively; G, Gr the irradiance, actual and at reference
condition respectively; q the electron charge; Rs the series
resistance; y the shape factor; k the Boltzmann constant; A
the completion factor; NCS the number of cells connected
in series per module; NS the number of modules connected
in series of the entire array; pusc the manufacturer supplied
temperature coefficient of short-circuit current; and &g the
material band gap energy.
Table I: Electrical specifications of PV module

Short Circuit Current Isc 8.76 A
Open circuit Voltage Voc 375V
Voltage at MPP Vmpp 305V
Current at MPP Impp 8.20A
Ideality Factor A 1.2
Boltzman Constant 1.3805*10"-23
Temperature Coefficient Ki | 0.0017A/Ce
No of cells in paralle 5

No of cells in series 96

Charge of electron q 1.6*10-19
Energy band Gap Eg 11lev
Irradiance A 1000 W/m2

B. PVINVERTER MODELING

In solar frame two types of inverter configuration are
employed. One is called string technology in which several
modules are connected in string configuration feed into a
single inverter. These large inverters are grouped together
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to feed grid. Other configuration nothing but micro-
inverter also called as AC module technology, in which
each individual module has its own inverter and the output
of all inverters are grouped together and feed it to grid.

For constructing the inverter manufacturers used Metal-
Oxide Semiconductor Field-Effect Transistor (MOSFET),
Gate Turn Off (GTO) thyrister and Insulated Gate Bipolar
Transistor (IGBT) switches. The use of IGBT switches is
recent trends because of their low losses and ease of
switching. For triggering the inverter switches firing pulses
are generated from the inverter control. The IGBT firing
pulses in the inverter are generated using various
technologies such as Pulse Width Modulation (PWM),
Sinusoidal Vector PWM (SVPWM) or Hysteresis Control
Techniques. Among all of these techniques the PWM
technique is widely used for high power PV inverter
applications. For modeling control system of inverter two
control schemes are widely used-Current Sourced Inverter
(CSI) and Voltage Sourced Inverter (VSI) or Voltage
Sourced Converter (VSC). For CSI inverter input is
maintained as a constant current source using DC link
Inductor. On the other hand in VSI, DC link capacitor is
used for maintaining constant voltage source at the input
of the inverter. Output of the inverter is controlled voltage
for CSI and for VSI it is controlled current. Due to lower
short circuit current contribution to the grid faults the VSI
with current control strategy is preferred by industries.

C. NEED OF FACTS DEVICES

The main advantages of using FACTS devices are

e Better utilization of existing. transmission system
assets

e Increased transmission system reliability and
availability

e Increased dynamic and transient grid stability and
reduction of loop flows

e Increased quality of supply for sensitive industries

e Environmental benefits

D. STATCOM

Static Synchronous Compensator is a FACTS device act as
shunt compensating device. A key component of solar
plant is voltage source inverter which is also a core
element of STATCOM. Through the power electronic
processing STATCOM controls reactive power flow, it does
not require additional capacitor bank like SVC that results
in compact design and smaller footprint also low noise and
low magnetic impact. The capacitor only used is at the DC
terminal of STATCOM, which provides constant voltage.
The DC power does not have any reactive component and
the voltage at the DC terminals is remains constant,

therefore DC link capacitor does not participate in any
reactive power exchange. STATCOM does not inject any
real power to grid. Therefore DC link provides an
instantaneous power circulating path to satisfy the power
balance relation and converters provides circulating
reactive power exchange among the phases. In practical
system of STATCOM there are real power loses which are
compensated from DC link capacitor, thereby reducing DC
link voltage.
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Fig 2. IGBT Based STATCOM Configuration

E. PROPOSED SYSTEM MODELING
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Fig3. Block Diagram of Proposed System

Block diagram consist of PV Solar Farm integrated to
the grid. PV solar farm of capacity 1MW feed to grid of
33kV. The output voltage of solar farm is 600V DC. This
DC voltage is converted to AC using three phase DC to
AC converter of rating 1250 kWh. The firing pulses for
inverter IGBT switches are triggered using the inverter
control. Solar system also includes MPPT algorithm,
which is for tracking the maximum operating point of
solar system to get maximum solar output and
maximum efficiency. The MPPT is integrated with the
inverter control to avoid the use of DC-DC converter
therefore cost is reduced. The AC output of inverter is
step up using transformer of rating 600V/33kV. Then
the DC harmonics are reduced using the L-C-L filter and
output feed to grid at PCC. During day time PV solar
farm produces power from solar energy and the
objective of increasing power is carried out with the
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production of real power. While in night time PV solar
farm is not producing any power and hence they are
completely inactive. Therefore it is disconnected from
the inverter and very small amount of real power is
drawn from grid to charge DC link capacitor. Then the
inverter performs the function of STATCOM by
providing real and reactive power to the grid.

F. CONTROL DESIGN

I
——  Dampzg
Coctraler
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Fig4. Proposed controller design

The controller design consists of conventional inverter
controller with dc voltage regulation ‘and . damping
controller. During the day time only conventional
controller is used for satisfying objective. In conventional
controller 3PI controllers are<used for regulating the D,Q
and MPPT values. The PCC values are the input to the
controller, which converted from abc to dqo of voltage and
current. Then after that PI controller tuned in D,Q and
MPPT conditions. After tuning this values are -again
converted from dqo to alpha-beta values using conversion
formulas as follows,

Alpha= D * cos (te) - Q* sin (te) (7)
Beta=D *sin (te) + Q* cos (te) (8)

The alpha-beta values are gives for generating pulses using
SVPWM for triggering inverter IGBT switches.

During nighttime the switch is closed and damping control
is inserted into system. The controller operation consists
of both damping and conventional control for night time.
Damping controller utilizes full rating of inverter at night
to provide controlled reactive power and effectively damps
the oscillations. A very small amount of negative power
flow from the solar farm Psgar is observed during night
This causes losses in the inverter switches.,
transformer and filter resistance caused by the flow of real

time.

current from the grid into the solar farm inverter to charge
DC link capacitor and maintain its voltage constant while

operating PV inverter as STATCOM with the damping
controller.

I11. SIMULATION AND RESULTS

Case I- Simulation model with PWM control

Fig5. Simulation with PWM control

In this case simulation circuit model with PWM control for
triggering the inverter IGBT switches is described. During
this case triggering pulses are provided through PWM
generator, active and reactive power at PCC is determined.
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Fig6. Simulation results for Case I

Fig 6 shows the simulation results for Case 1. which
describes the active and reactive power at PCC. From fig
we can say that there are large oscillations in the power at
PCC. The active power oscillates around 0.9 MW while
reactive power oscillates at near about 0.75 MVAR.

— FFT analysi

Fundamental (50Hz) = 3984 , THD=10.15%

Mag (% of Fundamental)
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Fig7. THD at PCC for Case |
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Fig 7 shows the total harmonic distortion at PCC in case I.
which is very high about 10.15%.
Case II- Simulation model using proposed control

Fig8. Complete simulation of proposed system

In this case circuit is simulated using proposed control to
achieve the objective of increased power transfer capacity.
The PCC voltage and current are feed back to the inverter
control to regulate active and reactive power of grid. The
performance of this controller is observed during day time
and night time.
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Fig9. Simulation results for case II during day time

Fig 9 shows the results of power at PCC during day time.
During day time real power is produced by solar farm and
along with that power transmission is increased using
proposed controller. There is increase in power which is 2
MW. Reactive power is about 1.6 MVAR.

—FFT analysi

Fundamental (50Hz) = 351.6 , THD=2.02%
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Fig10. THD at daytime

Fig 10 shows the THD results with the proposed controller
during day time, the value of THD is reduced upto 2.02% at
PCC.

Tme

Fig11. Simulation Result for case II during night time

Fig 11 shows the simulation results during the nighttime
operation of proposed system. Results shows that the
increase in active and reactive power during the operation
of PV inverter as STATCOM. The active power is 1.4 MW
and reactive power is 1 MVAR.

—FFT analysi

Fundamental (50Hz) = 350.9 , THD= 2.29%
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Fig12. THD at night time

Fig 12 shows the result of Total Harmonic Distortion
during the condition when proposed new control strategy
is applied to the solar farm inverter. The THD is reduced at
2.29% as compared with case I.

IVV. CONCLUSION

The solar plant is remaining idle during night and the
condition when sunlight is not good. Therefore solar plants
are used as STATCOM for increasing power transfer
capacity. They can operate during night as STATCOM with
full inverter capacity and during day with inverter capacity
remain after the real power generation for making
significant increase in power transfer capability. From
results we can conclude that by using this new control
strategy there is increase in grid power transfer capability
and effectively reduction in harmonic contents. Such new
control strategy on PV solar inverter will reduce the need
for investment of additional expensive devices such as
series/shunt capacitors and FACTS devices. This PV-
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STATCOM operation gives a new opportunity for PV solar
farm to earn revenues in night time and day time in addition
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