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Abstract- This paper presents an optimized the control scheme of supercapacitor (SC) in grid-connected photovoltaic (PV)
system by random search algorithm (RSA) under the climate conditions. The system model is consisted of 2.5 MW PV arrays
generation, DC-DC converter, grid side inverter and integration with utility grid. SC is investigated with DC link of system
through a bidirectional buck-boost converter circuit. The validity of SC power control unit using RSA presents a clear
enhancement in system stability during variable weather conditions. The studied control design scheme is an efficient in
reducing the power fluctuation under transient conditions. In addition, the optimization of SC control unit is achieved to
improve its objective for damping out the oscillations and dynamic response. The RSA is categorized to optimize Proportional-
Integral-Derivative (PID) SC controller to enhance its reliability during variation of climate conditions for charging and
discharging modes. The simulation results were obtained for different cases such as without SC, with SC, and with optimized
SC together in the conditions of various irradiations and temperatures. Also, the results showed that the optimization of SC
control system could significantly improve the DC voltage stability, the active power stability, and the reactive power stability
of the PV studied system. The proposed system model and the control strategy is confirmed and simulated using
MATLAB/SIMULINK environment. Furthermore, the validity of the proposed technique is described by comparing the

results.

Keywords- Photovoltaic System (PVS), Supercapacitor (SC), Proportional-Integral-Derivative (PID) controller, Power

Control, Random Search Algorithm (RSA) optimization.

1. Introduction

The growth of energy demand and conservation of natural
environment is important due to the unreliability of fossil
fuels. The renewable energies play a vital role for ensuring
the long-term viability of grid systems [1]. Solar and wind
energy, for example, are not only sustainable, but they also
aid to prevent environment pollution [2]. Furthermore, the
relatively low cost of required components for green sources
means that more applications in this sector can be located
across the world [3]. Photovoltaic systems (PVSs) have a lot
of benefits over wind systems (WS), including the
elimination of mechanical parts, maintenance free, and easy
installation [4]. Solar energy optimization is constantly being
updated, which contributes in recognizing its effectiveness in
many fields [5, 6]. Moreover, among the most significant
challenges that PVS applications are encountered is the
climate condition. As a result, research strategies in PVS
applications should take it into consideration. The generated

energy of PV arrays is regulated by environmental factors as
temperature and irradiation, the results in a rapid shift in
energy conversion efficiency [7, 8]. As a result, this mission
might be accomplished with need for maximum power point
tracking (MPPT) when using a control unit on the DC link to
manage the DC voltage and absorb peak power of PV arrays
even in bad conditions [9, 10]. Significantly, output
characteristic of a PV cell varies with weather factors as
temperature and irradiation and also they control the
generated amount of energy [11]. Variable radiation and
temperature are the main issues through it PV arrays cannot
generate the full efficiency to generate the main power for
system [12]. As a result, it is needed to use a backup power
source to optimize any fluctuations occurs in generated
power during these conditions [13]. Nowadays, Energy
Storage Device (ESD) is the most important technology has
been applied in the renewable systems during random
variations. The most common ESDs have been used in PVSs
are battery and supercapacitor (SC). SCs have a lot of
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benefits over normal types of capacitors or batteries [14]. It
has a high density of storage power, low charge and
discharge period, long lifecycle and leakage current is very
low as well as its internal resistance. Also, SCs are used as
physical backup power supplies because they have super
storage capacity of energy. The energy flows in and out of
SC model elements also, it changes depending on the
instantaneous generated and grid conditions [15]. On other
side, during fast transient condition, batteries could not
deliver energy to the system also, it has high cost and low
life long [16]. A lot of researches have studied the stability of
PVS at variable conditions using ESD. In [17] minimize the
fluctuation of power in grid-connected PVS using SC during
increasing and decreasing irradiation is studied. In [18] the
operation of PVSs during change in climate condition with a
hybrid ESDs (battery and SC) is demonstrated. In [19, 20] an
approach technique that has used SCs to reduce power
fluctuations in PVS at the point of common coupling (PCC)
under irradiation condition is presented. In [21] improvement
power quality under the disturbance of systems using ESD,
which reduces the power fluctuations have been presented.
Buck-boost converter circuit is implemented in SC model to
control charge and discharge [22]. There are two modes of
operating system for converter circuit, during a charge mode
is a buck and in discharge mode is a boost [23]. Power
control unit is used in converter circuit to regulate power
fluctuation of system during variations in climate conditions
[24]. Effect of high irradiation on grid-connected PV system
has been investigated in [25-28]. In [29] tests a random of
solar irradiance with continuous variations load, system is
examined under variable irradiance conditions. In [30] a
300W standalone PV system analyses the charging time of
battery and SC with variable irradiation. Proportional-
Integral-Derivative (PID) controller is used in engineering
application to enhance steady-state or transient behaviours.
PID is commonly used as it has many advantages as less
maintenance and simple structure cost [31]. A lot of PID
optimization techniques have been used such as genetic
bayesian optimization (GBO), dynamic programming (DP),
particle swarm optimization (PSO), game theory (GT),
sequential optimization (SO), gradient descent (GD), greedy
control (GC), genetic algorithm (GA) and random search
algorithm (RSA) [32]. RSA is the most popular method as
has a wide range of applications to solve the complex
problems. This algorithm method has some advantages as its
implementation is so easy with the complex problems and it
has a potential to get the solution of the large-scale problems
efficiently. RSA is applied to design the self-tuning of PID
controller to optimize the work of controller. A lot of
researches have studied the potential improvement to adjust
PID parameters to modify its performance with power
systems applications [33]. RSA methodology focuses on
presenting an integrated optimized PID controller for
renewable system [34]. Potential improvement of control
unit optimization to modify ESD charging and discharging
with system applications has been studied in [35]. In [36]
RSA performance with MPPT for tracking the peak power
during variety of irradiation compared with two-stage perturb
and observe (P&Q) and particle swarm optimization (PSO)
method is studied. Considering all the issues summarized
above, this paper is focused on improving the dynamic

capability of a grid-connected 2.5 MW PVS with SC during
variation of climatic conditions. For this purpose, the optimal
SC control method is designed for decreasing the PV power
fluctuations caused under changing in irradiation and
temperature. The studied optimization algorithm namely the
RSA is used to tune the SC control parameters. Moreover,
the PID controller using RSA technique has been used for
buck-boost converter to control operation modes of fast
charging and discharging rate of SC. On the other hand, an
optimized PID control scheme for SC integrated with solar
PVS is designed to regulate DC link voltage and improve the
active and reactive power of the system. Many scenarios with
a comparison study are tested for temperature and irradiation
conditions to check the efficiency of the proposed technique.
The contents of this paper are presented as follows: Section 2
modelling and control of PVS. Section 3 illustrates model
and control of SC. Section 4 focuses on optimized technique
of RSA. Section 5 illustrates the studied system with SC
connection. Section 6 presents the simulation results.

2. Modelling and Control of PVS

Solar panel contents several numbers of PV solar cells.
Depending on the type of material used, a single tiny cell
could also provide between 1 and 2 W of power. PV cells are
made up of a semiconductor or material with P-N junction.
It can be joined together to produce a high module for
increasing the output efficiency. The highest power capacity
of the module is 1 kW; even if larger capacities are feasible
to make, handling more than 1 kW modules will really be
difficult. A collection of modules can be interconnected to
form an array dependent on the capacity of the power plant
or the amount of power supplied [37]. Figure 1 illustrates the
equivalent circuit of single solar cell component. The
semiconductor material is the main components in cells of
PV panels. This semiconducting material transfers the
photons of sun light to electrical energy, so this layer works
as a current source. The generated DC current passes through
some internal components of the cell as a single diode with a
shunt resistance and they are connected to a series resistance
[1, 4]. The total current of PV model is elaborated as follows.

v = loh = 'p = Tpa 1)

PV ph

where lpy is the output current of the PV module, Ip, is the
generated photocurrent of the cell, Ip is the diode current and
Ipa is the leakage current through the parallel resistance (Rpa).
Ip current which depicts the recombination losses in the PV
module is expressed as follows.

-l

where | is diode saturation current, Vp is the diode voltage,
Vin is thermal voltage of PV module cells and it is illustrated
as follows.

AKTN g

Vi = u 3)

where T is cell temperature, A is the diode ideal factor
(1<A<1.5), q is electron charge of (p-n) junction = (1.602 x
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10-19 C), N is the series number of cells and K is Boltzmann
constant = (1.3806 x10-23 J/K).

R
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Fig. 1. Equivalent circuit of a single solar cell.

Voltage diode and current across parallel resistance can be
calculated based on a simple Kirchhoff’s current law (KCL)
as follows.

\ \

p = Vpv *lpyRee (4)
_ Vpv +lpv Rse

|

Pa ()

where Vpy is output voltage of PV and (Rs) is the module
series resistance [18, 38].

Figure 2 shows a DC/DC converter circuit with MPPT
unit. The DC/DC converter is used to connect the DC side
with the generated unit. It is consists of a filter capacitor (Cy),
diode (D) and an inductor (Lf) with IGBT switch. Also, it
differs according to its levels of complexity, as most of them
used digital processors and others can be implemented using
analogy components. The MPPT unit is used to regulate the
optimum value of DC voltage and power to set the maximum
generated values. The P&O technique is a popular MPPT
technique since it just requires PV voltage, current and is
therefore simple to implement [39-41].

Grid inverter control unit is designed to implement the
generated power of grid-connected PV system. This unit
consists of double control loop. They are composed by a
current loop and an outer voltage loop [42]. The
methodology of grid inverter control unit is investigated by
coupling both the current control as an inner loop and voltage
control as an outer loop. The inner control unit is simplified
by taking the reference active current Id that is generated
from outer loop. But, the reactive current (lg) sets at zero to
stabilize unity power factor because at hormal operation the
reactive power of grid side inverter has a zero value [43, 44].

DC/DC converter
Ly D
—Pt— +

DC link side

T

Fig.2. DC/DC Boost converter circuit with MPPT unit.
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The control strategy of outer loop is related to DC link
voltage. DC voltage (Vqc) is stabilized at normal using the
voltage control unit. The active current reference is the
output of outer loop. The schematic diagram of control
strategy for grid side inverter is shown in Figure 3.

The following equations show the mathematical
description of grid side inverter voltage in d-g axis control
unit.

laet = Kp Vdcref = Vde )+ K, [V deref — Vac)dt (6)
Vg = Ke ('qref —|q)‘|‘K|1f(|qref —|q)dt (@)
Vg = Kp, (ldret ~1g )+ K, I (Taref ~1q )t ®)

where lqgrer IS the reference d axis component of grid current,
Vaerer IS the reference value of DC voltage, Kp and K are Pl
gains of DC controller. Vq is g axis component of inverter
voltage, lqer is the reference g axis component of grid
current, lq is q axis components of inverter current, Kp; and
Ki1 are gains of first current controller. Vq is d axis
component of inverter voltage, lq is d axis components of
inverter current, Kp, and Ky, are gains of second current
controller. The active and reactive power of grid side P4 and
Qq can be illustrated as follows with the d-q voltages (Vga),
(Vyq) and the d-q currents (Igq) and (lgq) [45, 46].

3
Py = Z—(ngld +Vgqlg 9)
Q. = i( Vgdld ~ Vgqlq ) (10)
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Fig. 3. Schematic diagram of control strategy for grid
side inverter.
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Fig. 4. Equivalent circuit of SC model.

3. Modelling and Control of SC

SCs are electrochemical devices that are classified as
ESDs. It offers many benefits that keep it a popular option in
renewable systems. It has a high power density, a long
lifetime, low inner impedance, and it is almost efficient.
They may be utilized to control the rapid volatility in power
generation of renewable energy systems [47]. It is used to
stabilize the power of DC side according to the MPP strategy
during excessive power fluctuation. In comparison with
batteries and ordinary capacitors, SC is a low-maintenance
device that can be used for a variety of energy-system
applications [48]. Table 1, shows the comparison between
the characteristics of three types of ESDs as SC, batteries and
normal capacitor. The main electrical diagram of SC model
is shown in Figure 4. It consists of a parallel resistance rpa
with main capacitor C and they are connected to a series
resistance rs. The series resistance is used to reduce the
internal heating of capacitor during the charge and discharge
modes. On the other hand, the parallel one is used to reduce
the leakage current, also increase the time of storage energy
[49]. The methodology of SC capacity depends on energy
management strategy. SC generally has low energy and high
peak power, so it works as an auxiliary power source that
should inject power back during the transient modes. SC has
properties of fast charge/discharge and it provides a high
power to system in a short time during a fast transient. SC
also achieves the balance in power flow at DC bus through
buck/boost converter duty cycle as it varies between 5 % and
80% to keep DC bus voltage and current stables [20, 37, 50].
The model of SC can be illustrated as follows.

Q=CV, (11)
dQ

W_IC(I) 12)
dvg 1

T_EIC (13)

Ve () =1l () (14)

Voo 1) =Ve O+, (1) (15)

Table 1. Characteristics of different types of ESDs.

Characteristics Batteries Capacitors SC

Life cycle ~=1000 o > 5¢8

Charge / 1-5h 106103 Sec or

Discharge time min
0.03-3h

Efficiency (%0) 85 95 99

Rated <1000 >10000 < 19.6

power(W/kg)

Rated energy <1606 <0.1 <1091

(Whkg)

where Q is capacitor charge, C is capacity of capacitor, Vc is
voltage across C, Ic is current through C. V; is voltage
across rs, Vsc is voltage of SC and t is charging and
discharging time. The following equation illustrates the
capacity size of capacitor in SC model in Farad.

ty
Tlc () dt
to
C=-—»> (16)
Vci1-Vco)
where Vo, Vc1 are minimum and maximum voltages across
C, tp and t; are minimum and maximum voltages times.

Performance of SC depends on MPP methodology of PV
generated power. If any transient occurs, the generated PV
voltage is fluctuated, and then power is fluctuated. But, SC
can storage an extra power during the variable conditions and
recharges it to recover this disturbance that has been
occurred [51]. In Figure 5, the control circuit of SC is
shown. It consists of SC model with a connection of a
bidirectional buck/boost converter circuit. The converter
circuit consists of two IGBTs switches M1, M2 and an
inductor (L). The storage energy of SC Esc is desorbed as
follows.

17

Psc is SC power in watt with relation to grid power Py and
PV generated power Ppy can be illustrated as follows.

P (18)
The buck mode of the bidirectional circuit is the charging
mode, in which current injects via SC. Furthermore, the

discharging mode will be when the DC current flows out of
the SC, and the operation of bidirectional circuit is as a boost
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mode. The voltage and current through SC are depicted as
follows.

Buck/ Boost converter

L . .
s Isf M, DC |Ir1k side
e IF'
| 1
M, \4— 1 =Coc V,
Tpa = C |
| |
| | -
| |
Peres PID PWM NOT |
Pllc

Fig. 5. Configuration of SC control circuit.

1 Ve

where Isc is SC current and V¢ is initial voltage on SC.

Bidirectional buck-boost converter circuit is usually used to
control SC operation modes of charging and discharging. SC
can be used to stabilize output power of system at a constant
value. Regulation output power that between the DC side and
SC is through a power control unit for SC model. A buck-
boost converter with the power control unit and a SC model
are shown in Figure 5. In this control technique, DC power
(Pgc) is measured and compared with the reference value
(Pdcrer). The output signal drives the controller of PID then
the signal output is compared with pules width modulation
(PWM) to generate duty cycle [52]. The main control pulses
for switches, which need for a NOT gate to inverse from
each other is presented as follows.

D =(K

K.
ut +TI * Kd ) (Pdcref - Pdc) (20)

p
where Dy is the output duty cycle, K,, Ki and Kq are the
parameters of PID controller.

4. PID Control Based on RSA Optimization

RSA uses random numbers which can be used for
minimization and maximization methods. This algorithm
works by moving and generating random solution vector in
next iteration from the best solution achieved so far towards
an optimal solution [53]. Additionally, the RSA is chosen
because of its ease of implementation and requirement of less
adjusting parameters. RSA algorithm is used to optimally
design the PID power controller of SC. PID controller has
been generally used in standard control of processes and
systems. The main objective of PID controller is to adjust
input signals to be as same as the feedback signals during
any external disturbance [54, 55]. An optimal control
technique with use of RSA optimization, is implemented as a
control strategy for tuning the controller of SC for the
integration of the studied PV system into the grid. Therefore,
the objective function is considered the sum of the integral
squared errors of PID controller as follows.

ISE :Ojoez(t)dt (21)
0

where ISE is the integral square error and e(t) is error
between the output and input signals of controller.

In Figure 6 shows the general flow chart and the steps that
describe the operation of RSA method [53] as follows.

1. Initialize the solution vector randomly vy between [Ymin,
Ymax], S€t maximum number of iterations k, initial step length
I, and number of variables in the optimization method N.

yl :[yl,yz,y:g, ........ ,yN]

2. Evaluate the objective function value f(y;).

3. Generate a set of N random numbers as follows:
u=[r1,r2,r3, .......... ,rN]
4. Calculate the new selecting solution vector as follows:

Y =y +lu

5. Evaluate the corresponded objective function value f(y)

and then compare with the previous function value f(y;).

6. Select new value as follows
if £(y)<f(y;)then, y =y, andf (y)="f(y;)

7. Test the termination criteria, if it is satisfied, go to step 9

else, go to the step 8

8. Calculate the new reduced in step length to get adaptive

step algorithm size I=1 C and return to step 4.
9. Stop the RSA and take Yopt = Vi andfopt =f(y;)

The RSA parameters that used in this paper are as follows:
numbers of iterations are N =100. RSA coding selects the
variable numbers of PID parameters as K, K;i € [0, 1500],
and Kz € [0, 2]. Fitness function is implemented using
MATLAB/Simulink, during PVS is run in time t. The
optimal value is calculated in Simulink before sending to the
MATLAB workspace according follow equation.

t
ISE (1Y 5:¥3) = | Cre ~Pge)?(t) dt (22)

where y1, y2 and ys are Kp, Kjand Kg

The connection of SC PID controller with studied system
using RSA technique as shown in Figure 7. At last, the
optimized of PID parameters is inserted to Simulink at the
time of the maximum iterations is reached. Finally, the
optimal parameters obtained are:

Kp=1.2027¢€3, Ki= 955.2554 and K¢=0.9825.
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Define parameters
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Number of iteration k&

l

Generate random solution N

!

Calculate fitness function for

each solution f{(y;)

}

Identify the best solution of

each solution vector

Select new solution
from last best
individual solution

NYes

Set new solution vector
from best solution
achieved so far

No

k>
maximum No. of
iteration

Yes

Enable best solution

Fig. 6. Flowchart of RSA method.

5. Establishment of Studied System

The establishment of the studied system is depicted as shown
in Figure 8. Solar panels or PV arrays, MPPT control unit,
DC/DC converter, DC/AC inverting unit, three phase
transformer, and utility grid are the main components of a
PVS. The sunlight is transformed to electrical energy through
the PV arrays, and the MPPT controller subsequently
stabilizes the generated power and voltage to the maximum
value for optimal advantages. The DC voltage is converted to
a regulated voltage via DC/DC converter. After that, a
DC/AC inverter converts the DC power from the PV arrays
into AC voltage, which is then fed into a step up transformer
to provide the utility grid or a fixed load. The PV arrays in
the case study model are organized into ten rows of PV
modules linked in parallel. Each row generates a certain
active power 250 kW, and the rated active power of groups is
2.5 MW. Providing a fixed output DC voltage, a step-up
boost DC/DC converter is required to generate rated voltage
700 V. In most applications, the MPPT is connected to the
DC/DC converter to adjust the duty cycle. The sort of MPPT
employed in this system is a P&O type. A parallel
connection of SC model with DC link capacitor and a major
power control unit of bidirectional buck/boost converter
circuit are provided through each row of PV arrays to dc
filter capacitor. DC/AC inverter with a filter unit transfers the
power and voltage to utility grid through a transmission line
with three phase step-up transformers. The specifications of
PVS that is used in this study are described Table. 2

P, dcref-

PV array
Converter Inverter
*
CG= | J@S Ci= J@s
t 3rd A Iabc
VPV IPV PWM PWM V
Control [~ _abc
MPPT unit__ | d
qu
RSA
E(t) Kp K,' Kd
Yyvy vy
PID | sc
controller[ "] PWM NOT—
model—

Fig. 7. Grid-connected PV system with RSA method.
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Table 2. Simulation parameters of studied system.

Parameter Value

PV parameters

Rated power (Ppv) 2.5 MW
Rated voltage (Vpy) 700 V
DC link capacitor (Cqc) 50e3F

Boost converter parameters

Inductance (L¢) 5e3H
Resistance (R) 563 Q
Filter capacitor (Cy) 100e® F

SC model parameters
SC capacitance (C) 400 F

Inductance (L) 9.9e° H
Inverter parameters
Filter resistance (rt) 1e3Q

-6
Filter inductance (ft ) 45e”H

Grid parameters

6. Simulation Results

The efficiency of the proposed RSA algorithm for SC
equipped with grid-connected PV system during different
climate conditions of irradiation and temperature is analysed,
where the DC voltage, active power, and reactive power is
monitored. In order to test the performance of studied
methodology of grid-connected PV system in cases of
without SC, with SC, and with optimized SC, the study is
simulated in MATLAB/Simulink software. The system is
tested under following cases; Normal condition is presented
for a standard radiation and temperature (1000 W/m? and 25
°C). Variable irradiation (1000 — 1500 — 800 — 1000) W/m?
with constant temperature at 25 °C is analysed. Random
irradiation condition over a day is also tested. During
constant irradiation at 1000 W/m? and variable temperature
around (20 — 25 — 35 — 45) °C is examined. Each case is
performed on grid-connected PV system to analysis its
parameters performance.

6.1. Normal Operation of Studied System

Power system generates the rated values of 700 V of DC
voltages, 2.5 MW of active power and zero of reactive power
under standard conditions, which are generally delivered to
the grid. Figure 9 shows the DC voltage, active power, and
reactive power of system characteristics. The correction of
losses only results in 20 kW difference between both the
generated and grid sides. Figure 9(a) shows the maximum
produced PV voltage (Vev) with reference value (Vrer) 700 V.
Using MPPT and the converter circuit, (Vqc) is also kept
constant with the reference value. In Figure 9(b), the control
unit of grid side inverter delivers 2.5 MW to the grid as the
maximum power (Ppy). Also, shows the absorbed power on
SC is zero at normal operation of system. In Figure 9(c)
shows the reactive power at normal value 0 VAR.

Grid
Step-up tra\r}sformer Step-up transformer 220 kV/50HZ

M. H.V
a0vVAC 0422V 221220 kv

Rated voltage (Vg) 220 kV
Rated frequency (f) 50 Hz
Incident
radiation
2.5 MW
DC/DC *
|
700 V DC
DC /DC I
I

SC model
DC/DC
L 1

DC/AC
Inverter

Fig. 8. Studied 2.5 MW PV system diagram.
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Fig. 9. System performance during normal condition. (a)
Output voltages. (b) Active powers. (c) Reactive power.

6.2. Variable Irradiation Conditions

In Figure 10(a), irradiation varies between 1000 W/m? to
1500 W/m? during interval from 11 s to 11.25 s then
decreases to 800 W/m? for 11.5 s after that, it is normally
stabilized at 1000 W/m?. As shown in Figure 10(b) DC
voltage in case of without SC is increased to 750 V during
then decreasing to 610 V. With SC power control using RSA
type, the DC voltage is stabilized at normal value 700 V.
When using trial and error method, the voltage has small
oscillations around rated value. In Figure 10(c) shows the
active power performance during change of irradiation.
Without SC, it is increased to 3.5MW then, decreased to 0.5
MW. With SC, using RAS, it increases to only a small value
to 2.55 MW. Also, when radiation decreases, the active
power is decreases to 2.48 MW. With trial and error, active
power is stabilized at rated during irradiation increased, but
during irradiation reduction, it decreases to small value 2
MW. In Figure 10(d) shows a high reflection in reactive
power in case of without applied SC. The reactive power
increases to 1 MVAR. Also, during the reduction of
radiation, it decreases to -1 MVAR. On the other side, with
SC, the results of reactive power for both RSA method show
less oscillations than thus occur when using trial and error
method.
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Fig. 10. System performance during variable irradiation
conditions with different schemes. (a) Variation of irradiation
condition. (b) Output DC voltage (c). Active power (d)
Reactive power.

6.3. Random Irradiation Condition

In Figure 11(a), shows a random radiation for a daily sun
shine. As shown in Figure 11(b), the DC voltage has a high
oscillations without SC, it increases from 745 V to 640 V
also from 750 V decreases to 625 V then increases to 800 V.
On the other hand, with SC using RSA, the DC voltage is
stabilized at normal value 700 V. With trial and error
method, it has some oscillations as the case of without SC. In
Figure 11(c), shows the active power without and with SC.
Without SC, active power has high fluctuations, but
fluctuations are not so high with SC connection using RSA.
Also, these fluctuations are the same when using trial and
error type as without SC.
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In Figure 11(d), the reactive power is oscillated from
0.25 MVAR to -0.25 MVAR then fluctuates again from 1
MVAR to -1 MVAR. With SC and RSA, the reactive power
is stabilized at zero. During using trial and error type, the
reactive power has same performance as without SC.

6.4. Variation of Temperature Condition.

In Figure 12(a), shows the applied temperature between
minimum 20 °C to maximum 45 °C at constant radiation of
1000 W/m2, As shown in Figure 12(b), the DC voltage has
decreased to small value in case of without SC, but with SC
using RSA, the DC voltage has nearly low oscillated over
rated value. In Figure 12(c), shows the active power, without
SC, it has oscillated with change of temperature, but
fluctuations are null with SC. In Figure 12(d), the reactive
power is high oscillated without SC if compared the case of
with SC connection. During using trial and error type, the
DC voltage, active power and reactive power reactive power
have high oscillations than with RSA.
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7. Conclusions

This paper mainly focuses on the reduction of power
fluctuation for grid-connected 2.5 MW PVS using SC. SC is
an ESD and is implemented as a solution for the system
disturbance. SC banks are connected in parallel to DC link
side using a buck-boost converter for charging or discharging
the extra power. Optimized PID parameters approach using
RSA enhances the SC control unit efficiency. The design and
analysis of the proposed control scheme investigates to
improve the dynamic response, stability, and power quality
of the studied system under the climate conditions. The
validity of system parameters such as DC voltage, active
power, and reactive power have been investigated in cases of
without SC, with SC and with SC optimization. During
irradiation variation and constant temperature, the DC
voltage, active power and reactive power are fluctuated very
high when the system operates without SC.
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With SC using RSA optimized technique for control
unit, the system parameters are stabilized at normal values.
During intervals of extreme irradiation variation of a cloudy
day, DC voltage, active power, and reactive power have high
fluctuations around rated values in case of without SC. With
SC and RSA, DC voltage is stabilized rated and in most
cases the active power fluctuates but less than without SC,
while reactive power is almost zero. Variation temperature
condition with constant irradiation, without SC, the DC
voltage, active power, and reactive power high fluctuated
around normal values. With SC connection, DC voltage,
active power and reactive power are almost constant. Finally,
the results showcase the ability of proposed optimized
control technique of SC to overcome most fluctuations of
system during abnormal conditions. Also, it improves the
power quality and reliability of overall system because it
makes system more flexible and stable. The calculation
accuracy of control system parameters with SC and
optimized technique has much better response if is compared
with regular algorithms. RSA has a certain ability and
advantage in solving the numerical problem for certain cases.
Also, it improves the power quality and reliability of overall
system because it makes system more flexible. A comparison
study with and without the optimization technique is applied
to the SC controller to examine the controller performance
with PVS. Finally, Results of the studied PVS have shown
the improved and effective performance under the variations
of irradiation and temperature.
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