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Nowadays, the power of impact elements and the proximity and defense
areas exist and are increasing exponentially. To alleviate these problems,
renew the energy sources such as photovoltaics, wind power, and other
things that are made to be taken. This is considered to be a night and night
use of static synchronous compensator (STATCOM) to meet the release of
load. Solar farm photovoltaic (PV) produces energy during the night and not
completely trapped at night. During day, the inverter is used for normal
operation and at midnight, it is used to meet load demand more efficiently by
controlling voltage, current, active, and reactive power. The proposed
strategy is validated in the MATLAB/Simulink software and compared with
the existing schemes such as cat swarm optimization-particle swarm
optimization (CSO-PSO) and tree seed algorithm (TSA) with recurrent
neural network (RNN).
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1. INTRODUCTION

Reduced pollution and reliance on nonrenewable resources are important factors in producing large
amounts of renewable energy. Ge et al. [1] developed a photovoltaic (PV) model for large solar power for
stability studies. Transmission grids often face the challenge of integrating these renewable systems due to
their partial energy capacity [2]. Flexible alternating current transmission system (FACTS) devices are being
considered to increase the transmission capacity of existing lines [3], [4]. Unlike other forms of energy
storage, PV is always associated with an outflow that has a power factor of one, which means that active
energy can be used to influence the voltages around the PV at point of common coupling (PCC) by observing
the return energy flow in space [5], [6]. In photovoltaic solar farms (SFs), power source converters are
critical components that provide solar conversion while the sun is out in full force.Power source converters
are critical components of PV SFs, which provide solar conversion during the day (normal operation) [7], [8].
Line loss in the transmission line have been reduced in order to improve transmission capacity and control
the flow of energy [9]. Mala et al. [10] explains the impact of static synchronous-strings (SSSC) on the
SSIB-controlled SSIB system. The SSSC test results supported by the secondary surveillance radar (SSR)
filter are handled by setting the IEEE slacks-based measure (SBM) model [11].
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Fan and Miao [12] proposes a completely different power management and control system grid
connected to the power converter. The study area unit is intended for two kinds ofsingle machine infinite bus
(SMIB) programmes. Accurate measurement control is intended to reduce the number of SSR rotor side
converters (RSC) required [13].The gate controlled series capacitor (GCSC) has been used for SSR
installation. Time analysis is used to evaluate the effectiveness of the GCSC and each thyristor-controlled
series compensator (TCSC) in SSR reduction [14], [15]. Distribution static synchronous compensator
(D-STATCOM) is used in the distribution system to reduce the amount of compensation required for active
energy and harmonics [16]-[18]. An integrated PV matrix with auxiliary moisture control of a solar inverter
is used for electrical control; it can act as a transition between day and night to increase temporary stability
while simultaneously reducing power transmission costs. The direct current-link (DC-link) voltage of
frequently supplied compensation provided according to the compensation requirement using a converted
multilevel converter calculator integrated into a PV system.

Devassy and Singh [19] introduced a PV system. The proposed PV system will be transformed into
DSTATCOM, which will provide a variety of services such as current sources of compact compression,
current load compensation, zero sequence reductions, and maintenance, in addition to serving as an
operational capacity during the application phase [20]-[23]. The Harris Hawks optimization (HHO) algorithm
is used in this paper for analysis of solar PV-STATCOM during night and day.

2. STATCOM DESIGN USING HARRIS HAWKS OPTIMIZATIONTECHNIQUE

When it comes to making the most of the wind system and PV scheme electrical converter,
STATCOM is the best option during the day and at night. STATCOM is used for voltage power management
as well as damping control. The PV systems generate power to meet the load from the load switching
element which is an electric converter that acts as a standard electric converter. It is not a privilege in the
dark because the PV system doesn't work. Wind power and STATCOM make up for the lack of the PV
system in the night [20]. During those times, the power converter acts like a PV-STATCOM, which controls
the amount of power and how it's used. The PV-STATCOM configuration is depicted in Figure 1.
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Figure 1. Block diagram for suggested technique

PV-STATCOM, which can act as STATCOM all day, is provided as expected. Power converters
from a solar power plant are used as STATCOM operators to provide twenty-four hours of uninterrupted
power supply. STATCOM integrates and compensates for a connected system device. As a result, the PV
layout is the square measure of the electrical conversion is equal to the standard STATCOM setting. The
expected route was analyzed during the day and in the dark. Because of the time of day, the production of PV
and wind energy, and the demand for load, the electric converter behaves as if it were a standard electric
converter. In the dark state, PV is not available and wind power does not pay for the load demand, that power
converter acts as STATCOM compensation and energy management through the use of a generated
controller [24], [25]. The two modes of STATCOM operation are described below.

In day time mode, the output power of the PV is sufficient for the need for a reinforcement
converter. Meanwhile, it meets the requirement for accountability, but the electric condenser is not connected
while in this mode of operation. When operating in nighttime mode, also known as dark operating mode, the
PV effect is not caused by solar-powered equipment. The facility is provided by STATCOM through the use
of a dark compensation enhancement.
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The HHO is used to control the PV-DSTATCOM switching sequence of the switches and improve
system performance [26]. The HHO is a meta-heuristic optimization algorithm, which is established on the
mechanism of behavior and chasing style of Harris’ Hawks in nature called surprise pounce. The
optimization procedure of the HHO technique is presented in Figure 2.
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Figure 2. Flowchart of HHO algorithm

3. RESULTS AND DISCUSSION

In this section, analyzed the generated controller, which is used to obtain power management,
current power, real power, active power, and damping control. Here PV-STATCOM's operational
management functionality is enforced within the MATLAB/Simulink platform as shown in Figure 3.The
performance of the PV-STATCOM using HHO technique is observed in two modes of operation including
day time and night time.
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Figure 3. MATLAB/Simulink model used for HHO technique

3.1. Mode 1: PV-STATCOM during daytime

The active PV power is high in this mode due to the high level of irradiance. Solar and wind energy
is charged based on the time of day for load demand related to the loading and control element. The load
requirement varies by completely different seconds of time during this analysis. Figure 4 shows that the load
requirement is 8000 W at this time because the load is different. The condition to be tested should meet the
load requirement shown in Figure 5 by using daytime and control analysis. The power generated by PV is
different at different interval of times, depends on amount of irradiance as shown in Figure 6.
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Figure 6. PV output power

Figure 7 (a) shows the variation in demand for the energy produced. The reference power is 8000 W, it
defines load demand, and it is written in black. Load demand is met by hybrid system power, which violates
the predicted algorithmic system. Similarly, the load varies once in real-time, and thus the power is taken into
account. It also tests the output capacity in order to meet the load demand. Figure 7 (b) depicts the best way
to meet the burden of needing a variety of systems built by determining the best way to meet the burden of

needing a variety of systems built.

Photovoltaic solar farm as static synchronous compensator for power compensation in ... (Kutala Sudarsan)



558 a ISSN: 2088-8694

Ref Power CS0-PSO  TSA4-RNN  Proposed | Demand Acrual Power
Ls -

Power (KW)

Power(W)
\
~

Time (sec)

(@) G

Figure 7. Response curves (a) comparison with HHO technique and (b) power output with load demand

3.2. Mode 2: PV-STATCOM during nighttime

The power to remove the PV range reaches zero in this mode operating system and does not work.
While not a PV generation, the load must be forced to meet. What is already dark is mitigation and general
management, which is accomplished through the use of the HHO algorithm. During the night, the damping
controller uses the entire range of the power converter to generate active controlled power and successfully
discharge it. PV power is generated within power; STATCOM already injects the area to meet the load in the
dark. During this case study, the demands change at a different rate.

The load requirement in this case was set at 9000 W at 0-1s, 11000 W at 1-2s, 9000 W at 2-3s, and
10000 W at 3-4s. PV, a wind power system, is used to pay for the system's load. PV does not produce energy
comparisons with daytime analysis in this case. STATCOM injects a zone to protect the material's energy
value. This graph depicts an analysis of demand for what is already in the dark. STATCOM and fully
generated 10000-11000 W wind power, the demand for responsibility is met within an already existing
darkness by utilizing the planned process. To compensate for the center's diversity, STATCOM has been
assigned. Figure 8 shows responses with contradictory techniques, demonstrating the strength of a highly
structured method. Computation time for various methods is shown in Figure 9. Table 1 shows the
performance anaysis of various techniques,from the analysis it is clearly observed that HHO technique gives
optimal value with minimum computation time than other techniques.
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Figure 8. Output power with demand power Figure 9. Computation time for various methods

Table 1. Performance analysis of proposed technique

Mode of Cases Solar Wind Load PV-STATCOM Compensated power(w)
operation Irradiance Wind power power demand Store Injected HHO TSA- CSO_
(w/m?) speed (W) (W) (W) power power  (proposed) RNN PSO
(mis) (W) W)
Day time 300 w/m?to  12m/s, 2000 W- 8000 W- 8000 W Up to - 8000 7800 7500
mode 150 to8 m/at 8000 W 10000 W 4000 W
w/m?Zat0-4s 0-4s
Night 10-100 8-10m/s 100 W- 5000 W 9500 W, - Up to 11000 10800 10500
time w/m? 2500 W 11000 W, 3500 W
mode 9000 W,
1000 W
at 0-4s
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4.  CONCLUSION

PV-STATCOM daytime management and pre-dark analysis is presented in this paper. The
performance of PV-STATCOM is assessed for load variability between night and day. PV-STATCOM
simulation results shows various emissions of PV irradiance, strength, wind speed, and power in all cases.
Similarly, a systematic process of imitating wind and PV with power and damping controller is performed
and each result is given. The effectiveness of the systematic approach was undeniable by comparative
analysis of completely different standard strategies such as CSO-PSO and TSA with RNN. A comparative
analysis revealed that the planned management process was more effective than the alternative strategies in
improving the performance of the PV-STATCOM system.
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