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ABSTRACT

In this paper we discuss about the 100kV solar power generation control using MPPT (maximum power point
tracking). We will discuss about the solar PV (Photovoltaic) system connected with the Grid. We have
developed a MATLAB based Simulink model to describe the solar generation. The PV solar system that is
connected to grid is using DC to DC boost converters and VSC (DC-AC) for supplying the electrical power
generated by PV system to the grid. The Simulink model is consisting of the PV array, boost converters and
inverter at grid side. This paper is a description of PV solar system that is connected with grid. The components
use in 100kV generation of electrical power also describe in this manuscript. There is also the description of the
algorithm of MPPT (maximum power point tracking). The algorithm of MPPT is combined in a DC to DC
converter that is used in tracking the maximum power generated from the PV array. A DC- AC inverter (VSC)
is used in regulating the output DC-DC voltages of converter and t s connected the PV array to the grid. In the
results of the simulation it can be clearly seen that the change occur in solar radiations can affected on the output
power of the PV system.
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INTRODUCTION
The electricity has become an integral part of this world. It is the basic need of every person due to the growth
of population, rise in the living standards and advancement in the technology. One can measure the economy of
the country by using the parameters of the electricity. We can produce electrical power by using different
sources these sources can be non-renewable and renewable. The renewable sources of energy are gas, coal,
nuclear sources and fossil fuels. The renewable sources are finite and can cause increase in the pollution in the
greenhouse effect and in ocean that can produce serious and harmful effects on the environment of the earth.
Because of the sources of energy and their use will be noticeable issue of the era, the problem of the depletion of
the natural sources, their impact on the environment and exponential increase in the demand of the electrical
power have been discussed in the few years [1].
The PV systems that are connected with grid have been increasing the rate of the exponential growth during the
previous decade. This sudden growth is driven because of the rising change in climate, tax incentives and
reduction in the cost of the PV solar systems. The main issue in the PV solar systems is the variation in the
solar power generation throughout the day. This variation in the power energy is due to the atmospheric changes
[2].

The worldwide consumption of the energy is shown in the figure below:
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Figure 1: Worldwide energy consumption in TW-h

Moreover, the efficiency of the conversion of solar energy into electrical energy is very low. So in this case
MPPT is the integral part of the Grid system connected to the PV system to make it possible to extract the
maximum generated power from the PV array at all the circumstances and the weather conditions and provide
that maximum power extracted from PV to the grid station [3]. This feature is playing an essential role in the
efficiency and the dynamic response of the PV system. There are many MPPT algorithms that are introduced in
literature. The “Incremental Conductance” and “P&O algorithm” are two of them [4, 5].

On the other hand, there are more MPPT techniques that are more impressive and rapid that need special
familiarity and the design along with the particular subjects for example neural networks [6], fuzzy logics [7].
The generation of power by using PV system has potential in decreasing the emission of carbon dioxide. The
sources of the renewable energy are quite impulsive, and they can produce energy only in the daytime. During
the daytime the clouds have irregular movement that causes fluctuation in power generation from the solar cells
and this will affect the output power that generates from the PV cells. Fluctuations will be large by injecting
large amount of the power. Furthermore, though the phenomenon of the absorption and reflection of sunlight by
the air, it is assessed that the energy from the solar incidence on the earth surface which is ten thousand times
greater than the energy consumption of the world. According to the researchers and the scholars it is said that
the energy generation from the PV cells will become the most significant source of the energy production until
2040 [8]. The concept of the distributed generation of the energy is becoming an actual and current technical
possibility that promote many standards and the research in the world. Instead of all these benefits that occur
due to the power generation of the PV cells the initial price is still considered high and the conversion efficiency
of solar to electrical is low. So due to these factors the use of other techniques is necessary so that one can get
maximum power generation from the PV panels.

The characteristics of PV are non-linear that varies by the temperature and solar irradiation that make it difficult
to extract the maximum power from the PV. To overcome this issue different methods of MPPT are used. In this
paper we are using P&O method of MPPT [9].

METHODOLOGY

As we are discussing about 100kW PV generation in this paper so how is this power produced is a key part of
the system to focus on. Solar cells have a special construction of semiconductor material. These materials are
made to conduct according to requirement and highly depend on conditions provided and environment. In these
materials they form a junction called P-N junction which in turn causes current to flow through the
semiconductor material [10]. Such type of junctions along with series combination of devices form solar cell
which are main part of solar power system, Solar cells are so constructed that they conduct electricity whenever
exposed to light. And hence convert this light energy into electricity. This conversion is highly dependent on sun
irradiance and number of current carriers (electrons and holes) in the solar cell. This dependence of power
production through solar cell is depicted in terms of their voltage and current curve which is show in the figure
below [11]. Through this VI curve we can also locate the MPP (maximum power point) where cell provides
maximum power at the output. Through this we can convert maximum solar irradiance into electrical energy.
This is usually done by MPPT tracker [13].
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This curve is superposition of current-voltage curve of semiconductor in darks Vs light which is shown in
following figure.
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Figure 2: Voltage-Current curve of a solar cell

This curve can also be described from following Relations in dark and light respectively.
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In terms of electrical circuit solar cell is described as a current source which produces current and diode
direction is for P-N junction equivalence the resistors in the circuit show the internal resistance of
semiconductor materials due to their leakage current and internals disturbances like junction barrier [14],[15].
This is a practical representation of the solar cell equivalent circuit which shows how solar cells conduct.

The following figure describes equivalent model of a practical (non-ideal) solar cell.
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Figure 3: Equivalent circuit model for practical Solar cell

The diode in the circuit is for portrayal of p-n intersection course. On the off chance that the intersection is in
forward inclination condition it will permit the current to move through it and if the intersection of diode is
backward one-sided conditions it will square current move through it [16].

Power produced through solar cell AC (alternating current) power and we know that most of the appliances used
in daily life are DC (direct current) operated. So, we must convert our produced power into DC. We use
converters for this purpose. Converters are of different types on the basis of their operation and working method
[17],[18]. We have used grid connected power system and this type of converter mode of operation. Along with
this mode of operation we have used Boost converter. It works as voltage maximizer i.e. it controls input voltage
to have the required output voltage level at the output side. It works in two states name on-state and off-state
[19]. Inductor in the Boost converter charges and discharges during these two states, In charging duration, it
takes energy from supply and during discharging period it provides stored energy to load. Following is the
transfer function equation for the converter.
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Along with AC-DC conversion we also require DC-DC conversion of power produced. As the power produced
is not so stable and have fluctuations in it and is irregular. So, to make our produced power regulated and
optimally stable we use DC-DC conversion. This is done using DC-DC converters. We have used VSC inverter
in this paper. VSC is voltage source conversion technique. It makes sure that all power from DC source is
injected to load with optimal regulation and stability [20]. VSC must be used with some controlling technique
through which we could also monitor its working at any point. This inversion along with its controlling
technique is shown in the following figure.
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Figure 4: Inverter Control System

Maximum power point tracking

As we briefed earlier that to get the most power out of our system, we must track the point on VI curve at which
system delivers maximum power. For this purpose, solar system must be connected with a maximum power
point tracker. It makes sure that system operates at maximum power at the given set of environmental conditions
and hence, increases solar panel’s efficiency. MPPT continuously controls PV array’s voltage and current to
find maximum power point with changing irradiance of sun for a given period. MPPT controls current and
voltage of the PV system regardless of the load connected to it. Initially, MPPT technology was only
implementable for DC-DC converters but with advancement it is now applicable to DC-AC inverters also. There
are a number of MPPT methods, but we have used Perturb and observe method which is most commonly used
due to its simple implementation [21].

Here, we have described how MPPT works by continuously measuring PV array’s voltage and current so that it
can detect MPP (maximum power point) at any time. At first, MPPT controller observes input power signal (i.e
multiple of voltage and current at a point in the curve) so that it could predict where we can have maximum
power on VI curve of the system [22]. Once MPP has attained, controller regulates duty cycle of system
according to requirements for maximum efficiency and most optimal states possible. Following figures
describes this phenomenon of control and traction.
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Figure 5: Schematic Diagram for the high-level MPPT Technique

PERTURB & OBSERVE METHOD

This is the most commonly used MPPT technique. It works on comparison principle as it predicts maximum
power point (MPP) by comparing old values of power on VI curve with new values of it in the photovoltaic
system. With this comparison we can achieve optimal operating point of the PV system. For MPP detection,
firstly we perturb voltage and current values of VI curve through which they are changing according to duty
cycle variation i.e. we examine change in values of voltage and current with respect to variation in duty cycle.
These values are continuously recorded in memory block of controller for further analysis. To attain maximum
power point (MPP) we must make dP/dV= 0. This is called perturbation. Perturbation pattern may change if
output power is decreasing and remains same if output power is increasing. If output power is decreasing the
perturbation pattern changes to achieve new maximum power point (MPP) [14]. A flowchart representation of
this algorithm is shown in the following figure.
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Figure 6: P & O Algorithm Flowchart Diagram
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Perturb and observe method is easy to implement and control. Still it has disadvantaged that it does not stops
making calculation even after achieving maximum power point. This may disturb perturbation in next cycles of
MPP detection. So, this algorithm should be applied very carefully and analyzed continuously for proper
detection of MPP. Following figure depicts the curve of MPPT [16].

4 dr/dv=0
P e
&
dr/dv »0 /
dabdls ’ dP/dv <0
MPP
- ; ——

v
Figure 7: PV curve for MPP Traction through Perturb and Observe Technique
Simulation of Proposed Technique of P&O in PV system interconnected with Grid

The 100 kW PV array has utilized the 330 Sun Power modules. The array is actually consisting of 5 modules
connected in series of 66 strings so, 66*5*305.2 = 100.7. The parameters of module of PV array have allowed
selecting various kinds of NREL system model of Advisor. There are two inputs of PV array that allowed you
to vary sun irradiance along with input 1 W/m? as well as temperature with input 2 in Celsius. The irradiance as
well as profile of temperature is defined by Single block builder this is interconnected to inputs of PV array.
When you will run the model, you have to see various sequences on scopes simulation is started with test
conditions which are standard with 25° C and 1000 W/m? The following sequence is followed:

e  From to 0-0.5 the various pulses supplied to boost as well as Voltage source Converters has been

blocked. Voltage of PV correspondent to open circuit voltage Nser * Voc equal to 5*64.2 = 321 V. The

Vmean trace can be observed on scope of PV. The 3-level bridge converter is operated as diode rectifier as

well as the DC linked capacitor has been charged more than 500 V.

e Similarly, at time of 0.05 seconds, the boost converter moreover, voltage source converter is de

blocked. DC linked voltage has been now regulated at VVdc of 500 V. However, duty cycle is fixed for boost

converter when D value is 0.5 as presented on PV scope.

e At 0.25 sec steady state is reached which results in voltage of PV V-PV = (1-D) * Vdc = (1-0.5) *500

=250 V as seen in Vmean trace on the scope of PV. The output power of PV array is 96 kW as seen on PV

scope namely Pmean, but the specified maximum power has irradiance of 100 W/m? which is equal to 100.7

kKW. It has been observed on scope of Grid that phase A voltage as well as current at 25 kV bus are at unity

power factor.

e At time period of 0.4 sec the Maximum Power Point Tracking block is enabled. The regulator attached

with MPPT starts the voltage of PV regulating via changing duty cycle for extracting maximum power.

Maximum power of about 100.4 kW will obtain upon the duty cycle of value 0.454.

e At the time period of 0.6 sec the mean voltage of PV array is equal to 264 V as depicted from

specifications of PV module (Nser * Vmp = 5*54.7 = 273.5 V).

e  Similarly, from time of 0.6 sec to time of 1.1 sec the irradiance from sun is ramped down from 1000

W/m? to 250 W/m?. On the other hand, MPPT has continued the tracking of maximum power.

e At the time period of 1.2 sec whenever the irradiance from solar has been decreased to 250 W/m?.

When duty cycle is 0.461. Hence, the corresponding the voltage of PV as well as power are 268 V and 24.3
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kW respectively. It has to be noted that when there is fast change in irradiance the MPPT continuously
tracking the maximum power.

e Similarly, during time period of 1.2 sec to 2.5 sec the solar irradiance has been restocked to 1000 W/m?
as well as the temperature is increased to 50° C. It has been noted that when there is decrement in output
power from 100.7 kW to 93 kW the temperature has increased from 25° C to 50° C.

The graphs obtained after simulation are shown below.
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Figure 10: Grid Voltage and Current waveforms
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Figure 11: 1d graph output

The main detailed model of PV array is also presented in figure 12.
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Figure 12: Average Model of 100 kW grid Connected PV system

The main work presented in this thesis of current PV grind interconnected system is to determine the P-V and I-
V characteristics as shown in figure 13 even if we are comparing it with model of partial shading.

IJETRM (http://ijetrm.com/) [62]


http://ijetrm.com/

Vol-4 Issues 09, September-2020 ISSN: 2456-9348
Impact Factor: 4.520

IJETRM

International Journal of Engineering Technology Research & Management

S8 &<l akk

/-

=
Fas 5B

M

Figure 13: PV characteristics

CONSTANT IRRADIANCE AS WELL AS TEMPERATURE PERFORMANCE

In this section of thesis P&O technique has been applied to PV system interconnected with grid when this PV
module is experiencing the irradiance and temperature at constant value. Moreover, 10 test cases have been
observed that when the solar irradiance changes from 250W/m? to 1000 W/m? almost in steps in accordance
with the curves of PV analyzed for the array. The temperature held constant at 25° C. In every test the time
period for finding MPP as well as the deviation in steady state power through known MPP moreover, the losses
in energy during the whole process of tracking has been recorded. The losses of energy have been found through
integration of power across test time period of 10 seconds. The results are summarized in Table 1 and 2. The
simulation is running with irradiance of constant value of 1000 W/m? but temperature is 25° C in this scenario.
The temperature is about 50° C — 75°C and 100° C.

Table 1: Performance of PV installed grid connected P&O on constant conditions of environment

P&O

Irradiance | Time for | Power Energy Lost
MPP Deviation

250 2.1 0.14 211

500 2.1 0.37 47.45

750 0.19 0.47 71.3

1000 0.19 0.65 94.8

Table 2: Performance of PV installed grid connected P&O on constant conditions of environment
P&O

Temperature | Time for | Power Energy Lost

© MPP Deviation

50 0.13 0.0089 76.12

75 0.79 0.0677 73.32

100 0.79 0.0058 83.1
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For some comparison the P&O technique is also simulated with stopping criteria which has improved the time
for algorithm to take and stop searching moreover, in most of the cases the losses in energy has been lost during
the process of search. This stopping criterion has ensured that P&O technique has stopped searching only of it
has reached to best reference of voltage 4 times. The results for changing the temperature as well as irradiance
are illustrated in Table 3 and 4.

Table 3: Performance of PV installed grid connected P&O on constant conditions of environment with stopping criteria

P&O

Irradiance | Time for | Power Energy Lost
MPP Deviation

250 1.06 1.4454 17.45

500 1.06 4.6423 51.31

750 1.26 5.5460 65.34

1000 1.26 4.6047 55.12

Table 4: Performance of PV installed grid connected P&O on constant conditions of environment with stopping criteria

P&O
Temperature | Time Power Energy Lost
© for Deviation
MPP
50 3.05 0.121 52.67
75 2.78 2.464 50.45
100 1.56 0.361 32.21
CONCLUSION

This thesis analyzed the modeling as well as simulation of PV system interconnected with grid along with the
technique utilized here is P&O an MPPT algorithm for injection of maximum power being extracted from PV
array to gain unity power factor. According to results which are obtained from simulation, we may say that it
has been important for operating the system at MPP in simple words we can say that maximum power is to be
extracted from PV module by varying the duty cycle of boost converter for enhancing the power injected into
grid. The main objective is the implementation of P&O technique for maximum power point tracking as well as
to highlight the superior performance regarding this P&O technique to achieve the latest MPPT along with the
limitation of optimization of various parameters. The information’s and observations regarding that performance
has been coupled with various consequences for developing an extended MPPT technique a comprehensive
strategy. The results have revealed that and demonstrated in research work that proposed P&O strategy based
upon MPPT technique usually applied to many small as well as medium scale photovoltaic system.
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