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Critical Assessment of a PV Utility Tied System
using P&O MPPT Technique under Dynamic
Loaded Conditions
Sunny Vaish, Deepika Bhalla, Akhil Gupta

Abstract: This paper discusses the modelling and simulation of
a Solar Photovoltaic (SPV) grid integrated system using parallel
topology to accomplish load demand. Maximum Power Point
Tracking (MPPT) control is employed for the determination of
maximum power level under variable solar radiation and ambient
temperature levels. Proportional Integral (PI) type voltage and
current controllers have been employed for generating a required
switching control signal. Under changing environmental
conditions, Perturb & Observe (P&O) MPPT algorithm tracks the
DC reference signal and controls the current regulator to obtain
the maximum power from SPV array. It has been found that
MPPT control tracks the maximum DC link voltage around
reference value even under dynamic conditions. Voltage and
current measurements have been performed at various Point of
Common Couplings (PCCs) under changing environmental
conditions. Voltage Source Converter (VSC) and utility grid
values have also been compared. MATLAB results obtained
through two case studies justify the implementation of our
proposed system which is beneficial for research engineers
working in various power quality assessment studies.
Keywords: connected load, control, MPPT, photovoltaic,
transformers, utility.

I. INTRODUCTION
The advances and development in the industrial processes
along with the increase in the population has encouraged in
investments for solution for the energy demand from alternate
energy resources which should be preferably renewable.
There is a need for improving the power quality issues and
also energy efficiency from the alternate energy sources.
Solar energy has gained considerable interest of the countries
that are located in the temperate and tropical zones, where the
direct insolation may range up to 1000 W/m2. The usage of
photovoltaic energy is assumed to be a primary resource.
Power generation by Solar Photovoltaic (SPV) has benefits
such as no cost of fuel, high dependability, simple operation,
and on account of there being no moving parts there is low
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maintenance, absence of wear and tear and no noise pollution.
The solar cell conversion ranges vary from 12% of efficiency
up to a maximum of 29% for very classy units [1].
SPV have non-linear voltage-current characteristics. This
voltage-current characteristic has a Maximum Power Point
(MPP) and which depends on two variable environmental
parameters: irradiance level and temperature. Change in any
one of these parameters or both these parameters results in the
change of the operating point and also MPP. So as to extract
the maximum available power from the SPV panel a
Maximum Power Point Tracking (MPPT) control technique
is usually used [2], [3]. A DC to DC converter is implanted
between the SPV panel and the load, and MPPT is the system
that controls the DC to DC converter so as to fix the optimum
operating point. MPPT technique not only allows an increase
in the power delivered from the SPV module but also
improves the operating lifetime of the SPV system [4], [5].
One of the most commonly used MPPT technique is the
Perturb and Observe (P&O) and it is simple to use and easy to
implement [6]. As per the P&O technique, when the working
voltage of the SPV panel is perturbed by a slight increment, if
the resultant variation in power (ΔP) is positive, then the
system is moving towards the direction of MPP and
perturbing need to be kept in the same direction. If resultant
variation in power, ΔP is negative, the system is moving in the
opposite direction than that of MPP and the sign of
perturbation supplied has to be changed [7]. SPV arrays are
connected in need-based series or parallel combination to
form large SPV systems. The converter or inverter is linked
with SPV arrays to control the output current by their
functions [8]-[10].
In this paper, a simulation model of a SPV grid integrated
with two parallel photovoltaic arrays is developed. The
modelling and simulation are completed by using
MATLAB/SIMULINK environment. Power quality
assessment has been analyzed and discussed upon for its
feasibility analysis in real time applications. Analysis has
been carried out at various Point of Common Couplings
(PCCs) with measurement of key parameters of among
converter systems, connected load and utility grid. This paper
has been organized in five sections. Section I describes the
introduction about the SPV grid connected system by using
P&O technique for MPPT. Section II presents the
computational system and Simulink modelling of SPV grid
connected system. Section III discusses implemented control
algorithms. Section IV deals with simulated results discussion
and analysis. In section V
discusses the conclusion.
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II. COMPUTATIONAL SYSTEM
The schematic diagram of SPV grid connected system is
illustrated in Figure 1. As shown, there are two parallel
connecting SPV arrays integrated with grid and load. The
generated output power of SPV system is in the form of DC,
so we need to introduced converter/inverter to convert it into
desired AC form. Inverter control (MPPT controller) is
employed to control the converters that are used and maintain
synchronism among SPV system, utility grid and load. The
input voltage of the SPV array control by DC to DC
converter. The DC to AC controller controls the voltage
which is coming from DC to DC converter.

mandatory to track MPP. Thus, various algorithms of MPPT
are introduced to extract maximum power. MPPT produced
controlled output voltage from the SPV modules and also
confirms that the SPV system is running at the MPP. The chief
goal while designing the photovoltaic generation system is to
determine the maximum operating point. It qualifies to ensure
that optimum level of output efficiency is attained for the
system that is generally being affected by the ecological
conditions (temperature and irradiance). The comparison of
I-V and P-V characteristics curve of SPV array is depicted in
Figure 3. The techniques of MPPT are used to detect the
maximum operating point that is in accordance with the
corresponding changes in the working environment. The
power converter also plays the crucial part to identifying the
MPP of the SPV system [14], [15]. The relationship between
voltage and current which are highly non-linear represented
by I-V and P-V characteristics of a SPV array. The voltage
and current on SPV system maximize the output of the
inverter which depends on the solar radiations level (in W/m2)
and temperature of the SPV cells [11], [12].

Figure 1: Schematic diagram of SPV grid connected
system
MPPT controller is introduced to receive the more output
power throughout the whole period when insolation are
available and also semi-cloudy days. MPPT controller is used
to increase the effectiveness of the SPV cell. SPV array data
and module data are given in Table 1. SPV array consists of
several individual SPV cells that are connected in parallel or
series to get appropriate energy from sun. DC output current
(Idc) of the SPV array is converted into AC current (Iac) by
inverter and deliver to the grid end [11], [12].
Table 1: Module Sun Power SPR-415-WHT-Datasheet
[13]
SPV array data
Figure 2: Simulink modelling of a SPV grid connected
system

Parameters
Values chosen
Parallel strings
88
Series-connected modules per string
7
Module - Sun Power SPR-415-WHT-D
Maximum power (W)
Open circuit voltage, Voc (V)
Short circuit current, Isc (A)
Cells per module (N cell)
Voltage at MPP, Vmp (V)
Current at MPP, Imp (A)

414.801
85.3
6.09
128
72.9
5.96

Figure 2 describes the Simulink modelling of the SPV grid
connected system. The power produced through photovoltaic
modules or panels is irregular in nature which varies with the
temperature of solar cells and the intensity of solar radiation.
Simulink model consists SPV arrays (SPV array 1 & SPV
array 2) further connecting with three-level Insulated Gate
Bipolar Transistor (IGBT) inverter which is controlled by the
MPPT control using P&O technique. As commercially
available solar panels or modules efficiency is low, it is
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Figure 3: I-V and P-V characteristics of a SPV array
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III. IMPLEMENTED CONTROL ALGORITHMS
The algorithm that controls the IGBT inverter is shown in
Figure 4. It describes the Simulink modelling of the IGBT
inverter control algorithm. A maximum power is achieved by
controlling the DC voltage (Vdc) signal which is varying
through change in irradiance and temperature level of solar
irradiance.

B. Phase Locked Loop (PLL)
PLL comprises of a low pass filter, phase detector,
feedback path and voltage-controlled oscillator. A phase
detector is a standard nomenclature. The phase detector is
actually a phase difference detector in a PLL. For
synchronising, the power generated with the grid. PLL uses
the filtered grid voltages to transform them into dq axis, and
this gives improved results. Utilizing the feedback, the
DC-link voltage controller is fed with feed-forward SPV
current for control of real power [18].
C. Sinusoidal Pulse Width Modulation (SPWM)
SPWM method is very simple as well as very easy to
implemented. This method generates a sinusoidal waveform
by filtering a waveform of output pulse by changing width.
The essential output voltage is attained by changing the
amplitude and frequency of modulating voltage. By varying
the frequency and amplitude of reference or modulating
voltage, pulse width can be changed [19].

Figure 4: An IGBT inverter control algorithm
The comparative waveform of reference and measured DC
link voltage is shown in Figure 5. The SPV array terminal
voltage and the input parameters of the P&O technique. P&O
technique automatically varies the Vdc reference signal of the
inverter voltage regulator to produce a DC voltage that will
extracting the maximum possible power from the SPV array.

D. MPPT by using P&O algorithm
A MPPT controller adjusts voltage reference (Vref) signal
of the inverters and the DC voltage (Vdc) at output side of the
SPV array. With the help of good MPPT technique extremely
efficient system in low cost can be produce because SPV
system desires to obtain large amount of output power with
good efficiency. Figure 6 presents the flowchart of P&O
algorithm. P&O algorithm is better to introduced to increment
in the power at output side. The Photovoltaic Voltage (Vpv) is
set in the same direction and if output power decreases then
Output Voltage (Vout) is thus perturbed in the opposite
direction. The Vpv vacillates around the best possible value
Vout at MPP. The increase in step size of the perturbation
causes the power loss and if step size is huge then MPPT
algorithm speedily responds to rapid changes in operating
situation. When step size is short then losses during steady or
slowly altering situation will be minor but the system will not
react quickly to speedy changes in solar radiation and
temperature [14], [15].

Figure 5: Comparative analysis of a reference and
measured DC link voltage
A. Park’s transformation and voltage regulator
Park’s transformation is also referred to as
dq0-transformation in literature. This transformation maps
the original three-phase system quantities to an orthogonal
rotating reference frame in time domain. When a three-phase
system under study is steady-state sinusoidal and balanced,
the d and q component are equal to the real and imaginary part
of the stationary phasor of the sinusoidal signal. For power
electronics
control
under
balanced
condition
dq0-transformation are widely used because constant system
quantities that can be controlled without steady-state error by
using Proportional Integral (PI) controllers. For designing the
controller, the physical quantities such as voltage, current and
power of the system are represented in dq0-domain. This
characteristic of dq0-transformation has made the Park
approach very successful in the power electronic domain. To
determine the required active current (Id) reference, Vdc
regulator is used for the current regulator. Current regulator
founded on the current references i.e., active current (Id) and
reactive current (Iq). The needed reference voltages are
determined by the current regulator for the inverter [16], [17].
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Figure 6: Flow-chart of a P&O MPPT algorithm
IV. SIMULATION RESULTS DISCUSSION AND
ANALYSIS
There are two SPV arrays connected in parallel with grid and
load with the help of 3-phase inverter, 3-phase transformer
and other control system in this
model.
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Both SPV arrays which are connected to grid and load are
running together at different irradiance level at constant
temperature at a time. The obtained outputs are in the form of
waveforms which are taken by scopes and also arranged in
tabular form. To evaluate the impact of MPPT control
technique on outputs of both SPV arrays, two case studies
have been investigated corresponds to MPPT control ‘ON’
stage and MPPT control ‘OFF’ stage.
Case study 1:
MPPT Control ‘OFF’ stage - In this stage, when both SPV
arrays (SPV array1 & SPV array2) running together at

different irradiance level and the constant temperature, then
applied technique MPPT control is ‘OFF’ for both SPV arrays
(SPV array1 & SPV array2). Both SPV arrays produced
different power at different irradiance level and constant
temperature. Table 2 determines the output value of SPV
array1 and SPV array2 at irradiance level of 800 W/m2 and
1000 W/m2 respectively with constant temperature of 250C,
when MPPT control is OFF.

Table 2: Outputs of SPV array1 & SPV array2 at temp-250C (MPPT control is OFF)
SPV
SPV Array
VSC
VSC
Power
Grid
Array
voltage
current (from Tr
Irradiance
DC link
Pdc
Voltage
Current
(V)
(A)
in kW)
(Ir)(in
voltage
(in
(in V)
(in A)
W/m2)
(in V)
kW)
1.
800
337
142
2.1x104
4.3
139.1
1x105
15
4
2.
1000
338
178
2.1x10
5.8
174.6
 When the SPV array1 runs at 800 W/m2 irradiance level
with constant temperature of 250C, while MPPT control at
‘OFF’ stage. Figure 7 depicts waveforms of VSC 1 (a)
current and (b) voltage from busbar B1.

(b)
Figure 8: Waveforms of VSC 2 (a) current; (b) voltage
from busbar B2, when SPV array2 at Ir-1000 W/m2 &
temp.-250C

(a)

 Figure 9 depicts the waveforms of DC link voltage of the
SPV array1 & SPV array2 runs at irradiance level of 800
W/m2 & 1000 W/m2 respectively at constant temperature
250C, while MPPT control at ‘OFF’ stage.

(b)
Figure 7: Waveforms of VSC 1 (a) current; (b) voltage
from busbar B1, when SPV array1 at Ir-800 W/m2 &
temp.-250C

(a)

 When the SPV array2 runs at 1000 W/m2 irradiance level
with constant temperature of 250C, while MPPT control at
‘OFF’ stage. Figure 8 depicts waveforms of VSC 2 (a)
current and (b) voltage from busbar B2.

(b)
Figure 9: Waveforms of DC link voltage of (a) SPV
array1 & (b) SPV array2 at irradiance level of 800 W/m2
& 1000 W/m2 respectively at constant temperature 250C

(a)
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 When the SPV array1 & SPV array2 runs at irradiance
level of 800 W/m2 & 1000 W/m2 respectively at constant
temperature 250C. Figure 10 depicts waveforms of (a)
Power of SPV array1 at Ir-800 W/m2 form B1 and (b)
Power of SPV array2 at Ir-1000 W/m2 from B2 at constant
temperature 250C.
(b)
Figure 11: Waveforms of grid (a) current; (b) voltage
At MPPT Control ‘OFF’ stage, from the comparison of
output of SPV array1 and SPV array2, the VSC voltage is
same and the VSC current level increased by increasing the
solar irradiance from 800 W/m2 to 1000 W/m2 at 250C. The
voltage before transformer (Tr1 & Tr2) from VSC 1 & VSC 2
is same and the power level is also increasing as the irradiance
level increased from 800 W/m2 to 1000 W/m2 at 250C. The
current of grid also vary with the variation in current of VSC 1
of SPV array1 and VSC 2 of SPV array2.
Case study 2:

(a)

(b)
Figure 10: Waveforms of (a) Power of SPV array1 at
Ir-800 W/m2 form B1 and (b) Power of SPV array2 at
Ir-1000 W/m2 from B2 at constant temperature 250C
 Figure 11 depicts the waveforms of grid (a) current and (b)
voltage, when the SPV array1 & SPV array2 runs at 800
W/m2 and 1000 W/m2 irradiance level respectively with
constant temperature of 250C.

MPPT control ‘ON’ stage - In this stage, when both SPV
arrays (SPV array1 & SPV array2) running together at
different irradiance level and the constant temperature, then
the applied technique MPPT control is ‘ON’ for both SPV
arrays (SPV array1 & SPV array2). Both SPV arrays
produced different power at different irradiance level and at
constant temperature. Table 3 determines the output value of
SPV array1 and SPV array2 at irradiance level of 800 W/m2
and 1000 W/m2 respectively with constant temperature of
250C, when MPPT Control is ON.

(a)
Table 3: Outputs of SPV array1 & SPV array2 at temp-250C (MPPT control is ON)
SPV
Array

1.
2.

SPV Array
Irradiance
(Ir)(in W/m2)

DC link
voltage
(in V)

Pdc
(in kW)

800
1000

510
510.3

204.4
255.5

VSC
voltage
(in V)

VSC
current
(in A)

Power
(from Tr
in kW)

2.1x104
2.1x104

6.5
8.5

200.6
250.4

Grid
Voltage
(in V)

Current
(in A)

1x105

14

 When the SPV array1 runs at 800 W/m2 irradiance level
with constant temperature of 250C, while MPPT control at
‘ON’ stage. Figure 12 depicts waveforms of VSC 1 (a)
current and (b) voltage from busbar B1.

(a)
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(b)
Figure 14: Waveforms of DC link voltage of (a) SPV
array1 & (b) SPV array2 at irradiance level of 800 W/m2
& 1000 W/m2 respectively at constant temperature 250C
 When the SPV array1 & SPV array2 runs at irradiance
level of 800 W/m2 & 1000 W/m2 respectively at constant
temperature 250C. Figure 15 depicts waveforms of (a)
Power of SPV array1 at Ir-800 W/m2 form busbar B1 and
(b) Power of SPV array2 at Ir-1000 W/m2 from busbar B2
at constant temperature 250C.

(b)
Figure 12: Waveforms of VSC 1 (a) current; (b) voltage
from busbar B1, when SPV array1 at Ir-800 W/m2 &
temp.-250C
 When the SPV array2 runs at 1000 W/m2 irradiance level
with constant temperature of 250C, while MPPT control at
‘ON’ stage. Figure 13 depicts waveforms of VSC 2 (a)
current and (b) voltage from busbar B2.

(a)

(a)

(b)
Figure 15: Waveforms of (a) Power of SPV array1 at
Ir-800 W/m2 from busbar B1 and (b) Power of SPV
array2 at Ir-1000 W/m2 from busbar B2 at constant
temperature 250C
 Figure 16 depicts the waveforms of grid (a) current and (b)
voltage, when the SPV array1 & SPV array2 runs at 800
W/m2 and 1000 W/m2 irradiance level respectively with
constant temperature of 250C.

(b)
Figure 13: Waveforms of VSC 2 (a) current; (b) voltage
from busbar B2, when SPV array2 at Ir-1000 W/m2 &
temp.-250C
 Figure 14 depicts the waveforms of DC link voltage of the
SPV array1 & SPV array2 runs at irradiance level of 800
W/m2 & 1000 W/m2 respectively at constant temperature
250C, while MPPT control at ‘ON’ stage.

(a)

(a)

(b)
Figure 16: Waveforms of grid (a) current; (b) voltage
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At MPPT control ‘ON’ stage, from the comparison of output
of SPV array1 and SPV array2, the VSC voltage is same and
the VSC current level increased by increasing the solar
irradiance from 800 W/m2to1000 W/m2 at 250C. The voltage
before transformer (Tr1 & Tr2) from VSC 1 & VSC 2 is same
and the power level is also increasing as the irradiance level
increased from 800 W/m2 to1000 W/m2 at 250C. The current
of grid also vary with the variation in current of VSC 1 of SPV
array1 and VSC 2 of SPV array2.
The analysis of study of case 1 and case 2 done by the
above results and waveforms. From the study of case 1 when
MPPT Control is ‘OFF’, it is depicted that the irradiance level
increased by 800 W/m2 to1000 W/m2 at 250C, the output
power increased by 25.52%. Similarly, from study of case 2
when MPPT Control is ‘ON’, it is depicted that the irradiance
level increased by 800 W/m2 to 1000 W/m2 at 250C, the
output power increased by 24.82%.
But for the same level of irradiance (800 W/m2) in MPPT
control ‘OFF’ and MPPT control ‘ON’ stage, the output
power increased by 44.21 %. Similarly, for the same level of
irradiance (1000 W/m2) in MPPT control ‘OFF’ and MPPT
control ‘ON’ stage, the output power increased by 43.41 %.

7.

8.

9.

10.

11.

12.

13.
14.

15.

V. CONCLUSION
This paper establishes a proposed modelling and simulation
of grid integrated SPV system by using P&O technique for
MPPT. The purpose of the paper is to develop an effective
system due to which optimum operation would be achieved.
By integrating P&O algorithm, a MPPT can match its load
demand to that of the maximum possible available power
from the SPV system with the highest electrical efficiency.
The P&O method employed to comparison among the old and
the new values of the output power of the SPV system to
identify the optimum operating point to attain maximum
power efficiency at the output. The control signal raises or
decreases the current or voltage along with the change in duty
cycle. In the erratic temperature and irradiance level, the
maximum possible power can be extracted from SPV system
by using MPPT without producing any harmful gases and
toxic substances, due to which environment is free from
pollution and also accomplish the power demand without
using other conventional fuels.
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