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Abstract- The article outlines a strategy for maximising the usage of renewable energy because solar energy is becoming more 

and more in demand as a result of recent developments in photovoltaic (PV) panels. We have connected solar energy to the 

grid in order to properly monetize and use it. The design and simulation of a two-stage converter system for integrating solar 

panels with the grid are the topics of this article. It is made up of a PV panel, a boost dc-dc converter to boost the voltage of the 

PV panel, a VSI to convert dc to ac, and lastly the grid. The Perturbe & observation algorithm is utilized to operate the PV 

panel at its maximum power point, and the system also functions in a variety of changing environmental circumstances. 

Reference frame control is used to adjust inverter output in relation to the grid. Three phase PLL is used to lock grid frequency 

& phase with respect to inverter output. A low pass LC filter is modelled to remove high frequency harmonics from the 

inverter output which is fed to grid as well as proposed test system of utility network. The power quality enhancement of grid 

and load parameter profiles in terms of comparative performance improvement (CPI) is evaluated with more than 75% and 

22% respectively which shows the effectiveness of proposed research work in all events. All the simulations are carried out in 

Simulink. The study has been carried out in MATLAB environment. 

Keywords: RE-sources, Solar Power Plant, Perturb & Observation Algorithm (P&O A), Converter Design (CD), Phase 

Locked Loop, SRFT control, Grid Interfaced Test system (GITS), PCC. 

 

1. Introduction 

This article owing to improvements in PV panel 
efficiency and the ongoing depletion of non-renewable 
energy sources, commercialising solar energy in large-scale 
installations will become more widespread. Power outages, 
grid instability, power quality degradation, power reliability, 
etc. may all be readily resolved by integrating PV panels 
with the grid [1]. A DC-DC converter and a three-phase 
inverter are required for connecting PV panels to the grid. 
Because PV panels are expensive, it is best to utilise a dc-dc 
boost converter to increase the voltage rather than a lot more 
PV panels. Using a second boost converter has the advantage 
of allowing for independent control of the PV panels' 
Maximum Power Point and the inverter's ability to regulate 
the current fed into the grid. There is a need to investigate the 
methods which may be implemented at grid level to mitigate 
the disturbances introduced due to high penetration of 

variable nature solar energy into the utility grid as 50% by 
the use of distribution static compensator supported by 
battery energy storage device in parallel with the dc link 
capacitor reported in [2-3], in this case the monitoring of 
battery storage system need to proper selection of custom 
device, But in proposed work the power quality enhancement 
achieve more than 75% by using a capacitor bank and its 
operation easy to manage grid voltage profile. it exchanges 
only reactive power so problem with capacitor bank storage 
device, how much rating is required for enhancement of grid 
voltage profile, this is the main limitation of proposed work. 
Because to its inherent simplicity, the incremental 
conductance approach is utilised as the MPPT to extract the 
most power possible from the solar panels.  

A voltage source inverter is used to convert the boost 
converter's output's dc power to ac (VSI) [4-6]. Here, 
synchronous reference frame control, or d-q frame control, is 
employed with pulse width modulation (PWM) technology 
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to control the amount of current injected to the grid. The 
output of the inverter should also be coordinated with the 
grid. Hence, the Phase Locked Loop (PLL) approach is used 
to match the grid frequency and phase. A transformer and an 
LC filter should both be used after an inverter to provide 
galvanic isolation and eliminate high frequency harmonics, 
respectively reported as [7-9].  

2. Proposed Test Architecture 

Proposed test architecture (PTA) is used for the analysis 
of grid parameter as well as load parameter on the basis of 
total harmonics distortions (THDs) by using proposed test 
system (PTS). The performance was recorded at point of 
common coupling (PCC) on AC bus which is depicted in 
Fig.. 1 in the presence of solar power plant penetration with 
utility grid [10-12]. To enhance the power quality of grid 
parameters by using energy storage capacitor bank and 
reduce the impact of grid disturbances when switching is 
occur in the distribution power system is detailed in this 
section. 

2.1 Proposed Test System 

Proposed test system for the analysis of performance of 
grid connected 100 kW solar PV system to drive a utility 
loads resistive, inductive, capacitive with penetration of 
energy storage system supported by capacitor bank is 
illustrated in Fig. 1. The conventional infinite grid is 
connected to the AC bus directly for deliver power to the 
load as per requirement of PTS. All loads have changed the 
values as per case study proposed in test system of matlab 
simulink model as [13-14]. 

2.2 Solar Power Plant 

The solar power plant rated at 100 kW is integrated to 
proposed test system on DC bus using a DC to DC converter. 
Technical parameters of the solar power plant as reported in 
[15-16] are used in the proposed study. Output voltage from 
solar PV plant is 250 V- 300 V which is stepped up to 600 V 
dc using a dc to dc boost converter. A dc to ac inverter is 
used to convert 600 V dc into 400V three phase ac Supply 
which is synchronized with grid voltage by using inverter 
voltage control technique synchronous reference frame 
theory (SRFT). 

 

Fig.1 Proposed test system for study of research work 

Table 1. Specification of Solar Power Plant 

Parameters of proposed 

work 

Units with 

sysmbol 

Value which 

is used  

Solar output voltage VO (V) 250 -350 

Solar power plant output PO (kW) 100 

Boost converter voltages VDC (V) 600 

Boost converter switching 

frequency 

ƑBSW (kHz) 5 

Boost converter Inductor LBC (mH) 1.455 

Boost converter 

Capacitance 

CBC (µF) 3227 

DC link Capacitor CDC (µF) 1000 

Inverter switching 

frequency 

ƑtNVSW 

(kHz) 

10 

Inductor for inverter filter LtNV (µF) 500 

Capacitor for inverter filter CtNV (µF) 100 

Inverter voltage VtN (V) 400 

Supply frequency ƑS (Hz) 50 

2.3 Boost Converter 

The output voltage from PV array 300 V to 350 is not 

sufficient for generation level of desired output, a boost 

converter is necessary to increase the input voltage to the 

necessary output voltage which is required to inverter for AC 

bus of proposed test system. The details of the parameters 

used in the boost converter of proposed test network are 

presented in Table 1. 

2.4 Inverter Topology 

PV array produce a voltage in the form of direct current 

(DC). But, alternating current AC voltage are required to 

feed the power to the ac bus as well as grid. The machinery 

used to convert DC to AC is known as an inverter. The VSC 

maintains the power at desired output from solar plant while 

converting the 400 V AC as grid synchronize from output of 

boost converter voltage 600 V DC. The synchronous 

reference frame theory is used for getting signal to control of 

inverter by PWM techniques. 

2.5 Capacitor Bank 

The capacitor bank (CB) is utilized to enhance the power 

quality of grid parameter which affect due to renewable 

energy sources penetration, switching the load as ON/OFF in 

proposed system of network load bus. It's generally 

economical and can be effectively introduced any place on 

the system. The capacitor bank capacity of 100 kVAr is 

interfaced by circuit breaker to AC bus which supply the 

reactive power to AC bus whenever load is required as well 

as enhance the voltage & current profile when transient is 

occur at the time of event in proposed work. 

2.6 Utility Grid 

The infinite bus system is used as grid at AC bus in 

proposed test system for deliver the power whenever 

required to load as well as it will take the power from solar 

power plant when utility load is not required the power, it 

will support to grid and share the power when utility grid is 

required. The level of 400 V ac phase to phase and 50 HZ 

source is used for this proposed work. 
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2.7 Utility Load 

Load L1 is pure resistive value of 40 kW very up to 50 

kW and load L2 is complex type and it very as per event 

condition of study for the analysis of performance evaluation 

are connected to AC bus of PTS. For implementation of 

proposed work by switching event as described in simulation 

study to increase the load and measure the performance of 

proposed grid connected 100 kW solar power plant with the 

help of circuit breaker. 

3. Modeling of Solar Power Plant 

In this section, Paper present the simulation steps for the 

design of grid connected solar power plant (SPP) for the 

performance evaluation at different load condition by 

proposed test system. Test network system on which 

proposed approach is implemented and fulfil the power 

demand of utility load as well as difference of power provide 

to grid and vice versa. 

3.1 Solar PV Module 

A solar power system made by hug number of 

photovoltaic modules which consists of many numbers of PV 

cells those are connected in series and parallel. A single solar 

cell can be modelled by using a current source, a diode and 

two resistors. The mathematical model equations for this can 

be found in literature of paper. The circuit representation of 

single solar pv cell as Fig.. 1 and mathematical equation of 

(1,2,3,4 and 5) are used for the matlab simulink model of 

solar PV plant. 

I = Iph-ID-Ish                                                                         (1)                                                                            

I =                                    (2)                                                                                          

                                                    (3)                                                                            

                                     (4)                                                                          

                                                       (5)                                                                               

Where, 

Iph = Phase Current 

ID = Diode Current 

Ish = Shunt Current 

Io = Output Current 

V = Voltage 

I = Current 

Rs = Series Resistance 

VT = Diode Thermal Voltage 

Rsh = Shunt Resistance 

Isc = Short Circuit Current 

Ki = Cells short circuit current temperature coefficient 

T = Temperature 

G = Total solar reference radaition at STC 

Irs = Series Resistance Current 

Tn = Nominal temperature 

q = Electron charge 

Ego = Band gap energy of the semiconductor 

n = Ideality factor 

K= Boltzmann constant = 1.3806.10-23 J/K 

Voc = Open Circuit Voltage 

Ns = Number of cells connected in series 

 
Fig.2 Circuit representation of single solar pv cell for 

modelling 

The Solar Power Plant Simulation Model (SPPSM) is 

designed mathematically in MATLAB on the basis of 

standard value of certain variables are taken according to 

Table 2. 

Table 2. Specification of PV array at STC 

Parameters of proposed 

work 

Units with 

sysmbol 

Value which 

is used  

Open circuit voltage VOC (V) 36.3 

Voltage at maximum power 

point 

VMPP (V) 290 

Voltage Temperature 

Coefficient 

(%deg) -0.36099 

Short Circuit Current ISC (A) 7.84 

Current at maximum power 

point 

IMPP (A) 345.4 

Current Temperature 

Coefficient 

(%deg) 0.102 

Cells per modules Nc 60 

1SOLTECH 1STH-215-P Module 213.15 

Parallel String NP 94 

Series connected modules 

per string 

NS 20 

3.2 PV Boost Converter  

The output voltage from PV array 300 V to 350 is not 

sufficient for generation level of desired output, a boost 

converter is necessary to increase the input voltage to the 

necessary output voltage which is required to inverter for AC 

bus. A diode, an inductor, capacitor and a high frequency 

switch device are the main primary parts of a boost 

converter. The design of boost converter parameter is very 

complicated as compared conventional boost converter for 

the desired output of inverter as smooth function of grid 

connected solar power system as reported in [17]. The output 

voltage in solar connected boost converter is very from 0 volt 

to maximum output voltage, so big challenge to evaluate 

proper value of inductance and capacitor for governing the 

output voltage by duty cycle ratio. The desired capacitor, 

inductor and duty cycle ratio got by expression (6,7,8,9,10 

and 11) respectively to get desired power from equation (12) 

at the level of 100 kW as defined by solar power plant is feed 

to DC bus of PTS. The details of the parameters used in the 
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boost converter of proposed test network are presented in 

Table 1. 

                                                                 (6)                                                                                

                                                                 (7)                                                                          

                                                                  (8)                                                                        

                                                                      (9)                                                                          

                                                                             (10)                                                                           

                                                                             (11)                                                                            

                                                                       (12)                                                                         

Where, 

L = Inductance 

Vip = Solar input Voltage 

Vop = Solar output Voltage 

fsw = Switching frequency 

Δv = Voltage difference 

D = Duty Cycle 

RMPP = Maximum peak to peak resistance 

VMPP = Maximum peak to peak voltage 

IMPP = Maximum peak to peak current 

Ro = Output Resistance 

Po = Output Power 

Vo = Output Voltage 

The PV array produce a voltage in the form of direct 
current (DC). But, alternating current AC voltage are 
required to feed the power to the ac bus as well as grid. The 
machinery used to convert DC to AC is known as an 
inverter. The VSC maintains the power at desired output 
from solar plant while converting the 400 V AC as grid 
synchronize from output of boost converter voltage 600 V 
DC. The synchronous reference frame theory is used for 
getting signal to control of inverter by PWM techniques. 

4. Control Techniques 

The various techniques are used for getting desired 

output power from proposed test system which are described 

in this section of paper.  

4.1 Maximum DC Power Tracking 

Approach for tracking a maximum power tracking 

((MPT) from solar power plant which deliver to utility 

network load in presence of utility grid at different tests are 

achieved by following process. 

• First select function from Simulink library, Output of the 

function is duty cycle D. 

• Input of the function are Vpv and Ipv from Solar power 

plant. 

• Set initial duty cycle at maximum and minimum duty 
cycle limit and Change in duty cycle increment or 
decrement purpose. 

• Declare some variables as persistent variable. 

• Persistent variables are local to the function in which 
they are declared. Yet their values are retained in 
memory between calls to the function. 

• In our case persistent variables are old values of V, P 
and D.  

• Initialize these values use if condition with empty such 

that only during first time values are assigned. 

• Calculate P, change in P and change in V. 

Check change in P. if not equal to zero then there are four 

possibilities. 

❖ dP<0, dV<0 then decrease D 

❖ dP<0, dV>0 then increase D 

❖ dP>0, dV<0 then increase D 

❖ dP>0, dV>0 then decrease D 

• If dP is equal to zero then fix D=old value 

• If D value violates maximum and minimum values lets 

fix D=old value 

• Update Vold, Pold, Dold values. 

That’s its P&O techniques for getting maximum output 

power from solar plant as depicted in Fig. 3 (b) with the help 

of control structure which depicted in Fig. 3 (a) as reported in 

[18-19]. 

MPPT

PI   

Ipv

IpvVpv

BOOST 
CONVERTERVpv

PV Array

Vmpp

Vpv

dn 

Repeating Sequence

PID Controller

Relational 
operator

Gate Signal
For 

Boost Converter

Sum

Gate Signal
For 

Boost Converter
PV Array

 
(a) 

 
(b) 

Fig.3 Maximum DC power tracking approach (a) Control 

structure for boost converter (b) Flow chart for 

implementation of algorithm for MPPT 
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4.2 Maximum AC Power Tracking 

Synchronous reference frame theory (SRFT) control 

technique is used for maximum AC power by getting 

optimize inverter voltage and it is based on transformation of 

currents in synchronously rotating d-q frame. Sensed voltage 

signals are processed by phase locked loop (PLL) to generate 

sine and cosine signals. Sensed current signals are 

transformed to d-q frame and filtered. The filtered currents 

are back transformed to abc frame and fed to hysteresis 

current controller for switching pulse generation. The 

currents generated in α–β coordinates are transformed to d-q 

frame with the help of park's transformation using θ as 

transformation angle. The mathematical transformation 

equations (13-15) are used for AC maximum power tracking 

as control structure depicted in Fig. 4 as reported in [20-21]. 

                             (13)                                                                    

The DC components,   and  , are extracted 

using low pass filter and are transformed back into α–β 

coordinates using reverse park's transformation as 

                      (14)                                                                                            

These currents are transformed to obtain three-phase 

reference source currents in abc coordinates as   

                     (15)                                                                                           

INVERTER
FILTER

PWM

abc dq wt

abc αβ 

Iabc

αβ 
dq

Id Iq 

PLL

wt

abc αβ 

Vabc

αβ 

dq

Vd Vq 

wt

GRID

PI

Vdc

VdcRef
=600vPI

Idref 

Id 

Vd

wL

wL

PI

Iq 

0
Iqref 

Vdc

Vdc Vq 

u*d 

u*q

 Command for Inverter

Sum Sum

Sum
Sum

Sum
PID ControllerPID Controller

PID Controller

Const.

2

2

Ground

 

Fig.4 Control structure for inverter voltage control with 

getting AC maximum power. 

 

 

5. Simulation Results 

This section presents a graphical result with their 

discussion on the basis of different case study of load 

switching condition in MATLAB environment by proposed 

test system for the performance analysis of grid connected 

100 kW solar power plant with and without capacitor bank 

(CB). The case study events include switching ON/OFF of 

different resistive load, inductive load and capacitive load as 

per PTS for the study of power contribution of 100 kW solar 

power plant as well as grid contribution for proposed 

network load by flow of active and reactive powers, and also 

disturbance detection impact (DDI) on grid voltage/current 

and load voltage/current with evaluation of total harmonics 

distortions (THDs) are investigated with the help of matlab 

simulation by operation of circuit breaker (c/b) on AC bus of 

PTS with and without storage of capacitor bank. 

5.1 Incremental Small Resistive Load without CB 

This study provides the impact of small resistive load 

switching (SRLS) by increasing load L1 from their original 

value of 40 kW to 90 kW by switching other L2 of 50 kW 

for the duration 0.5s from 0.5s to 1s simulation time with the 

help of c/b with absence of CB on MATLAB platform 

through PTS. The performance analysis of grid connected 

100 kW SPP on the basis of power flow contribution towards 

grid as well as demand of utility load without contribution of 

CB, impact of switching event (ISE) on grid voltage/current 

and load voltage/current profile in terms of disturbance 

detection impact (DDI) are presents in this subsection. 

 

Fig.5 Profile of active powers in PTS without CB (a) 

Generated power by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

Generated and consume active power by the test system 

are depicted in Fig. 5. The observation from graphical result 

of simulation of Fig.. 5 (a) show the performance in constant 

power generated of 100 kW SPP at STC but impact of 

switching event (ISE) is also observed at the time of 

switching the load in PTS. The Fig. 5 (b) provide the grid 

power contribution toward the switching time as per load 

proposed in PTS. Power consumed by the load for switching 

time as event condition of load imposed is shown in Fig. 5 

(c). There is no active power exchange by storage capacitor 

bank device but some disturbance was observed at the time 

of switching load in PTS as Fig. 5 (d), because only resistive 

load is imposed. 
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Fig.6 Profile of reactive powers in PTS without CB (a) 

Generated power by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

The generated and consume reactive power by the test 

system are depicted in Fig. 6. It is observed that from 

graphical result of simulation of Fig.. 6 (a) there is no 

reactive power generated of 100 kW SPP at STC. The Fig. 6 

(b) provide the grid power contribution toward the switching 

time as per load proposed in PTS for internal circuit because 

there is no need of reactive power for switching load as seen 

in Fig. 6 (c) but some transient is observed as event condition 

when load is removed. There is no reactive power exchange 

by storage capacitor bank device because CB is out of from 

c/b, but some disturbance was observed at the time of 

switching load in PTS as Fig. 6 (d). 

 

Fig.7 Performance of utility grid parameters without CB 

(a) Voltage signal profile (b) Current signal profile 

The performance of grid parameter was recorded in Fig. 

7 (a) & (b) on PCC which is described in proposed test 

system when increase the load 40 kW to 90 kW by switching 

another load L2 with the help of c/b without CB. It is 

showing the effectiveness of proposed test system. 

 

Fig.8 Performance of utility load parameters without CB 

(a) Voltage signal profile (b) Current signal profile 

The performance of load parameter was recorded in Fig. 

8 (a) & (b) on PCC which is described in proposed test 

system when increase the load 40 kW to 90 kW by switching 

another load L2 with the help of c/b in absence of CB. It is 

showing the effectiveness of PTS by changing the load 

current at simulation time 0.5s to 1s because load is 

increased by c/b operation. 

 

Fig.9 Disturbance detection impact (DDI) in grid voltage 

signal without CB 

Grid voltage waveform recorded on PCC during the 

event of switching ON the other resistive load in the absence 

of CB is provided for time corresponds to 0.46s to 0.55s is 

data recorded in Fig. 9. This is observed that the voltage 

waveform deteriorates by small magnitude at the moment of 

switching ON the load takes place. 

5.2 Incremental Small Resistive Load with CB 

This study provides the impact of small resistive load 

switching (SRLS) by increasing load L1 from their original 

value of 40 kW to 90 kW by switching other L2 of 50 kW 

for the duration 0.5s from 0.5s to 1s simulation time with the 

help of c/b with presence of CB on MATLAB platform 

through PTS. The performance analysis of grid connected 

100 kW SPP on the basis of power flow contribution towards 

grid as well as demand of utility load with contribution of 

CB, impact of switching on grid voltage/current and load 

voltage/current profile in terms of DDI are presents in this 

subsection. 
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Fig.10 Profile of active powers in PTS with CB (a) 

Generated power by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

The graphical representation of simulation results those 

obtained by MATLAB platform for the performance analysis 

of PTS on the basis of power flow contribution towards grid 

as well as demand of utility load with contribution of SPP is 

depicted in Fig. 10 (b), (c) & (a) respectively. There is no 

active power exchange by storage capacitor bank device but 

some disturbance was observed at the time of switching load 

in PTS as Fig. 10 (d), because only resistive load is imposed. 

 

Fig.11 Profile of reactive powers in PTS with CB (a) Solar 

power (b) Grid power (c) Load power (d) Capacitor 

bank power 

The generated and consume reactive power by the test 

system are depicted in Fig. 11. It is observed that in Fig.. 11 

(a) there is no reactive power generated of 100 kW SPP at 

STC. The Fig. 11 (b) show take reactive power from storage 

device of CB as contribution toward the switching time as 

per capacity of CB proposed in PTS because there is no 

reactive load in PTS for load demand as seen in Fig. 11 (c) 

but some transient is observed as event condition when load 

is removed. The reactive power exchange by storage 

capacitor bank device to grid as well as enhance the grid 

vltage/current profile by injecting reacctive power observed 

at the time of switching the load in PTS as Fig. 11 (d). 

 

 

Fig.12 Performance of utility grid parameters with CB (a) 

Voltage signal profile (b) Current signal profile 

The performance of grid parameter was recorded in Fig. 

12 (a) & (b) on PCC which is described in proposed test 

system when increase the load 40 kW to 90 kW by switching 

another load L2 with the help of c/b with CB. It is showing 

the effectiveness of proposed CB for PTS. 

 

Fig.13 Performance of utility load parameters with CB (a) 

Voltage signal profile (b) Current signal profile 

The performance of load parameter was recorded in Fig. 

13 (a) & (b) on PCC when increase the load 40 kW to 90 kW 

by switching another load L2 with the help of circuit breaker 

in presence of CB. It is showing the effectiveness of 

proposed test system by enhance profile of voltage/current 

signal. 

 

Fig.14 Disturbance detection impact (DDI) in grid voltage 

signal with CB 
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Waveform of grid voltage recorded on PCC during the 

event of switching ON the resistive load in the presence of 

CB is observed without transient at the switching of load in 

PTS provided in Fig. 14, which time corresponds to 0.48s to 

0.53s of recorded data. This is observed that the voltage 

waveform of grid voltage signal is improved at the moment 

of switching ON the load takes place. It shows the 

effectiveness of proposed work. 

5.3 Incremental Large Resistive Load without CB 

This study provides the impact of large resistive load 

switching (LRLS) by increasing load L1 from their original 

value of 50 kW to 150 kW by switching other L2 of 100 kW 

for the 0.5s from 0.5s to 1s simulation time with the help of 

c/b with absence of CB on MATLAB platform trough PTS. 

The performance analysis of grid connected 100 kW SPP on 

the basis of power flow contribution towards grid as well as 

demand of utility load without contribution of CB, impact of 

switching on grid voltage/current and load voltage/current 

profile in terms of DDI are presents in this subsection. 

 

Fig.15 Profile of active powers in PTS without CB (a) 

Generated power by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

Generated and consume active power by the test system 

are depicted in Fig. 15. The observation from Fig.. 15 (a) 

show the performance in constant power generated of 100 

kW SPP at STC. The Fig. 15 (b) provide the grid power 

contribution toward the load proposed in PTS as per 

switching time condition. Power consumed by the load for 

switching time as event condition of load imposed is shown 

in Fig. 15 (c). There is no active power exchange by storage 

capacitor bank device but some disturbance was observed at 

the time of switching load in PTS as Fig. 15 (d). 

 

Fig.16 Profile of reactive powers in PTS without CB (a) 

Generated power by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

All reactive power of the test system is depicted in Fig. 

16. It is observed that from graphical result of simulation of 

Fig.. 16 (a) there is no reactive power generated of 100 kW 

SPP at STC. The Fig. 16 (b) provide the grid power 

contribution toward the switching time as per load proposed 

in PTS for internal circuit because there is no need of 

reactive power for switching load as seen in Fig. 16 (c) but 

some transient is observed as event condition when load is 

removed. There is no reactive power exchange by storage 

capacitor bank device because CB is out from PTS, but some 

disturbance was observed at the time of switching load as 

depicted in Fig. 16 (d). 

 

Fig.17 Performance of utility grid parameters without CB 

(a) Voltage signal profile (b) Current signal profile 

The performance of grid parameter was recorded in Fig. 

17 (a) & (b) on PCC when increase the load 50 kW to 150 

kW by switching another load L2 with the help of c/b in 

without CB. It is showing the effectiveness of proposed test 

system. 

 

Fig.18 Performance of utility load parameters without CB 

(a) Voltage signal profile (b) Current signal profile 

The performance of load parameter was recorded in Fig. 

18 (a) & (b) on PCC which is described in proposed test 

system when increase the load 50 kW to 150 kW by 

switching another load L2 with the help of circuit breaker in 

absence of CB. It is showing the effectiveness of proposed 

test system. 
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Fig.19 Disturbance detection impact (DDI) in grid voltage 

signal without CB 

The grid voltage waveform recorded on PCC during the 

event of switching ON the resistive load in the absence of 

CB is provided in Fig. 19 in which, time corresponds to 

0.48s to 0.54s data was recorded and observed that the 

voltage waveform deteriorates by small magnitude at the 

moment of switching ON the load takes place. 

5.4 Incremental Large Resistive Load with CB 

This study provides the impact of large resistive load 

switching (LRLLS) by increasing load L1 from their original 

value of 50 kW to 150 kW by switching other L2 of 100 kW 

for the 0.5s from 0.5s to 1s simulation time with the help of 

c/b with presence of CB on MATLAB platform through 

PTS. The performance analysis of grid connected 100 kW 

SPP on the basis of power flow contribution towards grid as 

well as demand of utility load with contribution of CB, 

impact of switching on grid voltage/current and load 

voltage/current profile in terms of DDI are presents in this 

subsection. 

 

Fig.20 Profile of active powers in PTS without CB (a) 

Generated power    by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

The graphical representation of simulation results those 

obtained by MATLAB platform for the performance analysis 

of PTS on the basis of active power flow contribution 

towards grid as well as demand of utility load with 

contribution of SPP with presence of CB is depicted in Fig. 

20 (a), (b) (c) & (d) respectively. There is no active power 

exchange by CB device because it exchanges only reactive 

power as demand in PTS but some disturbance was observed 

at the time of switching load in as depicted in Fig. 20 (d). 

 

Fig.21 Profile of reactive powers in PTS with CB (a) SPP 

power (b) Grid power (c) Load power (d) Capacitor 

bank power 

The graphical representation of simulation results those 

obtained by MATLAB simulation for the performance 

analysis of PTS on the basis of reactive power contribution 

towards grid as well as demand of utility load with presence 

of CB is depicted in Fig. 21 (a), (b) (c) & (d) respectively. 

There is 100 kVAr reactive power exchanges by CB to grid 

as per demand to enhance the transient at the time of 

switching event as seen in Fig. 21 (d). 

 

Fig.22 Performance of utility grid parameters with CB (a) 

Voltage signal profile (b) Current signal profile 

The performance of grid parameter was recorded in Fig. 

22 (a) & (b) on PCC when increase the load 50 kW to 150 

kW by switching another load L2 with the help of c/b in with 

CB. It is showing the effectiveness of proposed test system. 

Performance of load parameter was recorded in Fig. 23 

(a) & (b) on PCC which is described in proposed test system 

when increase the load 50 kW to 150 kW by switching 

another load L2 with the help of circuit breaker in presence 

of CB. It is showing the effectiveness of proposed test 

system.  
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Fig.23 Performance of utility load parameters with CB (a) 

Voltage signal profile (b) Current signal profile 

The grid voltage waveform recorded on PCC during 

the event of switching ON the resistive load in the presence 

of CB is provided in Fig. 24 in which, time corresponds to 

0.485s to 0.528s data was recorded for keen observation and 

observed that the voltage waveform is improve as without 

CB operation but transient of very small magnitude is seen 

at the moment of switching ON the load takes place. 

 

Fig.24 Disturbance detection impact (DDI) in grid voltage 

signal with CB 

5.5 Incremental Inductive Load without CB 

This study provides the impact of inductive load 

switching (ILS) by switching other load L2 of 100 kW & 100 

kVAr for the duration 0.5s from 0.5s to 1s simulation time 

with the help of c/b with absence of CB on MATLAB 

platform with load L1 has value of 50 kW & 50 kVAr 

through PTS. The performance analysis of grid connected 

100 kW SPP on the basis of power flow contribution towards 

grid as well as demand of utility load without contribution of 

CB, impact of switching on grid voltage/current and load 

voltage/current and DDI profile are presents in this 

subsection. 

The graphical representation of simulation results those 

obtained by matlab simulation for the performance analysis 
of PTS on the basis of active power flow contribution 

towards grid as well as demand of utility load with 

contribution of solar power plant with absence of CB is 

depicted in Fig. 25 (a), (b), (c) & (d) respectively. 

 

Fig.25 Profile of active powers in PTS without CB (a) 

Generated power by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

There is no active power exchange by CB device 

because it exchanges only reactive power as demand in PTS 

but some disturbance was observed at the time of switching 

load as depicted in Fig. 25 (d). 

 

Fig.26 Profile of reactive powers in PTS without CB (a) 

SPP power (b) Grid    power (c) Load power (d) 

Capacitor bank power 

The graphical representation of simulation results those 

obtained by MATLAB simulation for the performance 

analysis of PTS on the basis of reactive power contribution 

towards grid as well as demand of utility load without CB is 

depicted in Fig. 26 (a), (b), (c) & (d) respectively. There is no 

reactive power exchange by CB to load as well as grid 

because CB is out of PTS in this event. 

The impact on grid parameter was recorded in Fig. 27 (a) 

& (b) on PCC when increase the load 50 kW & 50 kVAr to 

150 kW & 150 kVAr by switching another load L2 with the 

help of c/b without CB proposed. 
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Fig.27 Performance of utility grid parameters without CB 

(a) Voltage signal profile (b) Current signal profile 

The impact on load parameters was recorded in Fig. 28 

(a) & (b) on PCC when increase the load 50 kW & 50 kVAr 

to 150 kW & 150 kVAr by switching another load L2 with 

the help of c/b without CB proposed. 

 

Fig.28 Performance of utility load parameters without CB 

(a) Voltage signal profile (b) Current signal profile 

The grid voltage waveform recorded on PCC during the 

event of switching ON the inductive load in the absence of 

CB for the DDI observation is provided in Fig. 29 in which, 

time corresponds to 0.47s to 0.54s data was recorded for 

keen observation and observed that the voltage waveform is 

destroyed at the time of switching as without CB operation, 

also transient of some magnitude is seen at the moment of 

switching ON the load takes place. 

 

Fig.29 Disturbance detection impact (DDI) in grid voltage 

signal without CB 

The grid voltage waveform recorded on PCC during the 

event of switching ON the inductive load in the absence of 

CB for the DDI observation is provided in Fig. 29 in which, 

time corresponds to 0.47s to 0.54s data was recorded for 

keen observation and observed that the voltage waveform is 

destroyed at the time of switching as without CB operation, 

also transient of some magnitude is seen at the moment of 

switching ON the load takes place. 

5.6 Incremental Inductive Load with CB 

This study provides the impact of ILS by switching other 

load L2 of 100 kW & 100 kVAr for the duration 0.5s from 

0.5s to 1s simulation time with the help of c/b with presence 

of CB on MATLAB platform with load L1 has value of 50 

kW & 50 kVAr through PTS. The performance analysis of 

grid connected 100 kW SPP on the basis of power flow 

contribution towards grid as well as demand of utility load 

with contribution of CB, impact of switching on grid 

voltage/current and load voltage/current profile in terms of 

DDI are presents in this subsection. 

 

Fig.30 Profile of active powers in PTS with CB (a) 

Generated power by SPP (b) Grid power (c) Load 

power (d) Capacitor bank power 

The graphical representation of simulation results those 

obtained by matlab simulation for the performance analysis 

of PTS on the basis of active power flow contribution 

towards grid as well as demand of utility load with 

contribution of solar power plant with presence of CB is 

depicted in Fig. 30 (a), (b), (c) & (d) respectively. There is no 

active power exchange by CB device because it exchanges 

only reactive power as demand in PTS but some disturbance 

was observed at the time of switching load as depicted in 

Fig. 30 (d). 

The graphical representation of simulation results those 

obtained by MATLAB simulation for the performance 

analysis of PTS on the basis of reactive power contribution 

towards grid as well as demand of utility load without CB is 

depicted in Fig. 31 (a), (b), (c) & (d) respectively. There is 

some reactive power exchange by CB to the load as per 

demand by PTS depicted in Fig. 31 (d). It shows the 

effectiveness of proposed research work.  
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Fig.31 Profile of reactive powers in PTS with CB (a) SPP 

power (b) Grid power (c) Load power (d) Capacitor 

bank power 

The impact on grid parameter was recorded in Fig. 32 (a) 

& (b) on PCC when switching other load L2 of 100 kW & 

100 kVAr for the duration 0.5s from 0.5s to 1s simulation 

time with the help of c/b with presence of CB on MATLAB 

platform with load L1 has value of 50 kW & 50 kVAr 

through PTS. It is showing the effectiveness of proposed test 

system. 

 

Fig.32 Performance of utility grid parameters with CB (a) 

Voltage signal profile (b) Current signal profile 

The performance of load parameter was recorded in Fig. 

33 (a) & (b) on PCC which is described in proposed test 

system when switching other load L2 of 100 kW & 100 

kVAr for the duration 0.5s from 0.5s to 1s simulation time 

with the help of c/b with presence of CB on MATLAB 

platform with load L1 has value of 50 kW & 50 kVAr 

through PTS. It is showing the effectiveness of proposed test 

system. 

The grid voltage waveform recorded on PCC during the 

event of switching ON the resistive load in the presence of 

CB is provided in Fig. 34 in which, time corresponds to 

0.47s to 0.54s data was recorded for keen observation and 

observed that the voltage waveform is improve as without 

CB operation, also transient is removed at the moment of 

switching ON the load takes place.  

 

Fig.33 Performance of utility load parameters with CB (a) 

Voltage signal profile (b) Current signal profile 

 

Fig.34 Disturbance detection impact (DDI) in grid voltage 

signal with CB 

6. Comparative Performance  

Comparative performance of grid connected 100 kW 

solar power plant with storage of capacitor bank on the basis 

of power contribution towards the utility demand load as 

well as grid contribution is present with different study of 

work through proposed test sustem on simulink of matlab, 

also evaluated the total harmonic distortions (THDs) 

presence in grid parameters like voltage & current by event 

with and without storage capacitor bank with the help of c/b. 

The comparative performance index (CPI) is evaluated using 

expression (16) for validation of result as proposed existence 

vs alternative improvement. 

                                     
(16)                                                                                          

Where THDPCB is the THD in the presence of capacitor 

bank storage and THDACB is the THD in the absence of 

capacitor bank storage. Due to limitations of pages, graphical 

representation is presented only three events with and 

without storage system CB. However, this proposed method 

is performed for different cases of study such as switching 

ON and OFF of domestic/industrial aspect with load 

variability on utility grid. The THD of grid/load parameter 

signals are provided in Tables of 3, 4, 5 and 6. 
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Table 3. Grid Voltage Signal THD 

Name of Events 
% THD % 

CPI ACB PCB 
Resistive Load is increased from 40 
kW load (L1) to 90 kW by switching 
50 kW load (L2) in PTS 

0.11 0.02 81.8 

Resistive Load is increased from 50 
kW load (L1) to 150 kW by switching 
100 kW load (L2) in PTS 

0.18 0.02 88.8 

Inductive Load is increased from [50 
kW and 50 kVAr (+ve)] (L1) to 150 
kW and 150 kVAr by switching 100 
kW and 100 kVAr (L2) in PTS 

0.18 0.03  83.3 

Table 4. Grid current Signal THD 

Name of Events 
% THD % 

CPI ACB PCB 
Resistive Load is increased from 40 
kW load (L1) to 90 kW by switching 
50 kW load (L2) in PTS 

73.37 16.26 77.8 

Resistive Load is increased from 50 
kW load (L1) to 150 kW by switching 
100 kW load (L2) in PTS 

117.57 29.14 75.2 

Inductive Load is increased from [50 
kW and 50 kVAr (+ve)] (L1) to 150 
kW and 150 kVAr by switching 100 
kW and 100 kVAr (L2) in PTS 

202.12 39.05 80.6 

Observation from Table 3 and 4 investigated operational 

tests such as ON/OFF the utility load by help of c/b on PTS, 

THD generated in Grid voltage/current waveform improved 

by interfacing of CB with grid connected RE source as SPP. 

Comparative improves in the values of total harmonics 

distortions (THDs) presence in voltage/current signal is 

calculated to be more than 75% in all test. 

Table 5. Load Voltage Signal THD 

Name of Events 
% THD % 

CPI ACB PCB 
Resistive Load is increased from 40 
kW load (L1) to 90 kW by switching 
50 kW load (L2) in PTS 

0.16 0.11 31.2 

Resistive Load is increased from 50 
kW load (L1) to 150 kW by switching 
100 kW load (L2) in PTS 

0.28 0.20 28.5 

Inductive Load is increased from [50 
kW and 50 kVAr (+ve)] (L1) to 150 
kW and 150 kVAr by switching 100 
kW and 100 kVAr (L2) in PTS 

0.33 0.30 9.09 

Table 6. Load current Signal THD 

Name of Events 
% THD % 

CPI ACB PCB 
Resistive Load is increased from 40 
kW load (L1) to 90 kW by switching 
50 kW load (L2) in PTS 

26.66 23.69 11.1 

Resistive Load is increased from 50 
kW load (L1) to 150 kW by switching 
100 kW load (L2) in PTS 

25.94 21.98 15.2 

Inductive Load is increased from [50 
kW and 50 kVAr (+ve)] (L1) to 150 
kW and 150 kVAr by switching 100 
kW and 100 kVAr (L2) in PTS 

31.02 22.74 26.7 

Also, this is observed from the Table 5 and 6 that in all 

the investigated operational events such as ON/OFF the 

utility load, the THD generated in load voltage/current 

waveform improved by interfacing of CB with grid 

connected 100 kW SPP. The comparative improvement in 

the values of total harmonics distortion (THDs) presence in 

voltage signal is calculated to be more than 22% CPI in 

switching condition. Also, CPI in terms of THDs in load 

current signal is calculated to be more than 17%. 

7. Conclusions 

This research paper provide a performance of grid 

connected renewable energy as solar source, capacity of 100 

kW in terms of active/reactive power contribution to the 

utility load which is demand by test condition those proposed 

in test system with the help of circuit breaker operation with 

and without storage system of capacitor bank, Also improve 

the grid voltage/current and load voltage/current profiles 

with more than 75%  and 22% CPI respectively which shows 

the effectivenes of proposed research work in all physical 

test condition. This is the key point to improve power quality 

of grid connected RE sources by reserchers in field of power 

system. 
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