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Abstract: This paper presents novel technologies for
utilization of PV solar farm inverter in night time for
providing multiple benefits to power systems, as well as
accomplishing the same objectives during the daytime from
the inverter capacity left after production of real power. The
new technology transforms a solar farm inverter
functionally into a dynamic reactive power compensator
known as STATCOM, and termed PVSTATCOM. Novel
PVSTATCOM control is employed to significantly enhance
the power transfer limit of a long transmission line both in
the nighttime and also during daytime even when the solar
farm is producing a large amount of real power. This
technology can open up new avenues for solar farms to earn
revenues apart from the sale of real power.
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l. 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 increasing grid 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
system for power transfer limit 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
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day for increasing transient 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 PVSTATCOM or an inverter-based wind
distributed generator (DG) with similar STATCOM
functionality.

Three-phase fault studies are conducted using the
electromagnetic transient software MATLAB, and the
improvement in the stable power transmission limit is
investigated for different combinations of STATCOM
controllers on the solar and wind farm inverters, both during
night and day.

1. RELATED WORKS

The transfer function is comprised of a gain, a washout
stage, and a first-order lead-lag compensator block. This
controller is utilized to damp the rotor-mode oscillations of
the synchronous generator and thereby improve system
transient stability. The damping controller is activated by
toggling “Switch-2” to the “ON” position. This damping
controller can operate in conjunction with either the
conventional reactive power control model with the PCC
voltage-control mode by toggling “Switch-1"to position “B”
or “A,” respectively. At first, the base-case generator
operating power level is 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
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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 operated in the
PV-STATCOM mode. The parameters of the damping
controller are selected as follows. The washout time
constant is chosen to allow the generator electromechanical
oscillations in the frequency range up to 2 Hz to pass
through. The gain, time constants, and are sequentially
tuned to obtain the fastest settling time of the
electromechanical oscillations at the base-case generator
power level through repetitive = PSCAD/EMTDC
simulations. Thus, the best combination of the controller
parameters is obtained with a systematic hit-and-trial
technique, and the parameters are given. It is emphasized
that these controller parameters are not optimal and better
parameters could be obtained by following more rigorous
control-design techniques. However, the objective of this
paper is only to demonstrate a new concept of using a PV
solar farm inverter as a STATCOM using these reasonably
good controller parameters. In this controller, although the
line current magnitude signal is used, other local or remote
signals, which reflect the generator rotor-mode oscillations
[1], may also be utilized.

1. THE PROPOSED APPROACH
SMIB system in which a large equivalent synchronous
generator (1110 MVA) operating at 22kV system supplies
power to the infinite bus over a 200 km, 400 kV
transmission line. An 1110 MVA, 22/400kV transformer
having leakage reactance of 8.66% is coupled with the
generator. This line length is typical of a long line carrying
bulk power in Ontario. In Study System 1, a 100MW PV
solar farm (DG) as a STATCOM (PV-STATCOM) is
connected at the midpoint of the transmission line.
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a) PV-STATCOM Based on “Un-Used” PV Solar Farm
Inverter Capacity:

As the PV solar farm remains completely idle during
nighttime, the entire capacity of its inverter can be used as
STATCOM. However, during daytime the PV solar farm
generates real power for the grid either by using the whole
inverter capacity (at rated power generation around noon
time on sunny days or partial inverter capacity (at a lower
level of real power generation during early mornings and
late evenings or anytime in a cloudy day). As a result,
substantial inverter capacity is left unutilized during the
morning, evening, and on cloudy days. Hence, during the

daytime the remaining PV inverter capacity can be used to
act as STATCOM during daytime without affecting the
normal real power generation functionality of the PV solar
farm.

In other words, there is= no real power curtailment due to
PV-STATCOM operation and the PV modules do not need
to be disconnected from the inverter. From the rated inverter
capacity of “S‘MVA, the remaining available reactive
power “Q¢ for PV-STATCOM operation is obtained as
Q=sqrt (S2-P2) , where P is the real power produced by the
solar farm.

The PV solar farm is operated as a PV-STATCOM for
providing controlled reactive power exchange with the
transmission system. These results in voltage regulation as
well as damping enhancement of electromechanical and
inter area oscillations. Both of these functions lead to a
much desired increase in transient stability and power
transfer capacity across long lines.

b) PV-STATCOM Based on “Used” Solar Farm
Inverter Capacity:

Another novel control concept of PV-STATCOM examined
in this thesis is the disconnection of PV solar farm modules
on an emergency demand basis for a temporary period. The
PV modules are disconnected completely or partially from
the inverter to curtail the PV generation. The newly made
available inverter capacity is now utilized as PV-
STATCOM to provide dynamic reactive power support for
short durations of time during critical events. These are
events which could have serious implications on power
systems such as critical Induction Motor (IM) failures, or
impending blackouts. In Fig. 3, for an event of duration t,
the shaded area ABCD denotes the curtailment of PV solar
farm real power generation, whereas the dotted area AEFD
denotes the newly made available ,,Q* support during these
events.

V. RESULTS AND DISCUSSIONS

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. The switching signals for the inverter
switching are generated through two current control loops in
d-g-0 coordinate system. In this simulation, the voltage
vector is aligned with the quadrature axis, that is, Vd=0,
hence, is only proportional to which sets the reference for
the upper control loop involving PID1. Meanwhile, the
quadrature axis component is used for dc-link voltage
control through two PID controllers (PI-2 and PID-3)
according to the set point voltage provided by the MPPT
and injects all available real power —Plto the network. To
generate the proper IGBT switching signals (gtl, gt2, gt3,
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gt4, gts, gt6), the d — g components (md and mq ) ofthe
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.

The simulation circuit is shown in the above Figure 1(a) and
figure 1(b) as a STATCOM with improvement of power
factor and performance.

Figure 2: Simulation results at bus3
Figure 2 shown above represents the voltage, current, real
power and the reactive power at the busb. These are
measured for three phases. After the connection of PV-
STATCOM the voltage increases as shown in the figure.
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Fig 3 Proposed Matlab/Simulink Output

Figure 3: represents the power factor waveform

From the figure it clearly shows that the power factor
increases after the connection of PV-STATCOM in the
night time. Power factor increases from 0.8 to 0.98.

Voltage correction

a) Steady State Performance: The PV solar system acts as
a STATCOM for providing voltage support during the night
time with the full rated inverter capacity, and during the
daytime with the inverter capacity remaining after real
power generation capability of PV solar system during night
time. As expected the voltage capability increases with the
size of the PV solar system.

b) Transient performance: The transient response of the
controller of the PV solar system following a 5 cycle three
phase fault at a neighboring substation is shown in Fig.4.
The fault occurs at 0.20seconds. The PV inverter controller
responds rapidly achieving a steady state voltage in
approximately 4-5 cycles.
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Figure 4: Transient response of PV solar system acting as a STATCOM
during Voltage Regulation mode

V. CONCLUSION
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PV solar farms remain absolutely unutilized during the night
and are only partially utilized during the day. This chapter
presents the concepts of a novel use of a PV solar farm
inverter as a PV-STATCOM, which can potentially lead to
complete utilization of the PV solar farm inverter asset both
during night and day. Two sets of novel PVSTATCOM
technologies are presented: one based on the —unusedl|
capacity of the solar inverter, and the other based on —used|
capacity of the solar inverter. These new applications of PV
solar farms can help to improve the performance of power
systems. In addition, they can potentially bring new sources
of revenue for PV solar farms by providing these benefits, in
addition to those earned from the sale of real power.
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