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ABSTRACT

Growing environmental concerns and the depletion of conventional energy supplies
reserves such as fossil fuel, photovoltaic energy sources have greatly increased in recent decades.
Furthermore, this sort of power source offers other benefits such as low pollution, dependability,
availability, no mechanical moving parts, less maintenance, a long-life span, and silence. More
solar energy sources are expected to collaborate with a grid in the future. Aside from the low
performance of a photovoltaic source of energy, the fundamental problem of a grid interfaced-
based photovoltaic system is its controllability. As the result, power energy produced from
photovoltaic energy sources can be untracked at the maximum power point, if the system is not
appropriately adjusted. Therefore, the optimization tracking techniques applied to the photovoltaic
energy source become of high interest and always important for the sake of accomplishing

excellent power quality and highest reliability.

This dissertation presents the management active and reactive power of a single-phase PV system
grid connected designed by an intelligent PSO-PID controller and hybrid fuzzy logic fraction order
proportional-integral controller (FLCFOPI Controller). Intelligent PSO-PID Controller employed
to MPPT to control PV voltage and optimize the performance of tracking power produced by PV
panel, a hyperbolic cosine non-linear gain adds to the integral gain of PID controller to reduce
large error in 1-V characteristic curve of PV. The hybrid fuzzy logic fraction order proportional-
integral controller (FLCFOPI Controller) is employed to single-phase full-wave H-bridge voltage
source inverter (VSI) with SPWM which aims to maintain dc-link voltage, unity power factor, and
reduce voltage ripple. Single-phase lock loop (PLL) based 1/4 transport delay method is used to
synchronize the phase of the PV- VSI with the grid-connected system. The proposed controller
provides maximum active power into the grid while maintaining a power factor of unity, and it
also allows for the modification of reactive power pumped into the system. The simulation result
findings the proposed controller has a fast-settling time, robustness, and ability to tack grid power.
For the validation of the effectiveness, efficiency, and validity of the proposed model the

simulation results have been accomplished through MATLAB/ Simulink simscope power system.
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CHAPTER 1 INTRODUCTION
1.1 Overview

The main goal of this chapter is to present the motivation and background of this dissertation.
It also introduces photovoltaic cells, the Maximum Power Point Tracking (MPPT) method, a DC-
DC Boost Converter for a photovoltaic system, and a Single Phase Voltage Source Inverter (VSI)
with two legs, and a Single-Phase Grid-Connected PV System. Figure 1. A grid-connected
photovoltaic renewable resource is made up of energy transducers such as a solar panel, dc-dc
boost converter to raise photovoltaic voltage, and dc-ac Inverter to link the photovoltaic (PV)
source of power to the utility grid. Furthermore, the structure of this dissertation allows for a more
in-depth comprehension of the topic matter. At the end of this dissertation, there is a list of
publications pertinent to this issue.
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Fig 1.1 Scheme of Photovoltaic System with grid Connected

1.2 BACKGROUND AND LITERATURE REVIEW

Electric power demand is expanding globally in tandem with population growth, posing a
challenge for governments to meet the increase in load consumption using existing power
generating and distribution systems. The planning process and the economy are the two most

significant problems. Large power plants need extensive planning and are time-consuming to



construct. Furthermore, because such planning is resource-demanding, it may not be profitable to
provide the dispersion load or remote load. New techniques of electricity distribution are in high
demand, and if well planned, they can solve the aforementioned obstacles [1]. Because of the high
request for energy and lacking resource capacity of fuel, the researchers go to green energy sources
such as renewable energy, fossil fuel, wind turbine, and ocean thermal energy to cover the
limitation of resources. Nowadays green energy is an important resource of generation energy that
has less maintenance [2]. Solar energy is the perfect source of generating energy from green energy
which use photovoltaic cell to generate electrical energy. The energy produced from the PV system
is considered a long-term resource in grid connection system which doesn’t require fuel cost, the
main principle of a Photovoltaic System (PV) is to adapt the sunlight to electrical power energy
by the photovoltaic effect, however, it has non-linear behavior depend on the appearances of power
- voltage (P-V) and current-voltage (I-V) this behavior effect by irradiation and temperature [2,3].

1.3 PHOTOVOLTAIC CELL MODELING

A photovoltaic is a p-n junction made from semi-conductor diode materials that work by
the photovoltaic effect, there are different types of semiconductors used depending on the
manufacturing, polycrystalline and monocrystalline commonly used to build PV cells. A single
photovoltaic panel approximately produces 5W at 0.5V DC. Which need to be linked in parallel
or series or series-parallel to increase power generation from the cell. The characteristics of PV
depend on the irradiation and temperature respective to the load condition; which operation on
maximum power point (MPP). They are different models of PV cells introduced in literature [4,5].
A single diode PV cell type is widely used to build PV solar systems. PV cells must be coupled in
series-parallel arrangements to increase the output. In general, PV cells are linked in series to
provide a voltage level that fits the power processing system's requirement specification. The
required power level of the Photovoltaic system is achieved by joining several strings in parallel,

resulting in a rise in the PV field's current rate [6]. Figure 1.2 shows the structure model PV cell.
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Fig 1.2 Structure of Photovoltaic Cell
1.4 MAXIMUM POWER POINT TRACKING MOTHED

It is difficult to maintain generated PV energy power at the optimal operation point due to
variations in environmental conditions; in reality, that maximum power point (MPP) gradually
fluctuates with solar insolation. As a result, the PV system requires a controller device to optimize
the operational parameters of the MPP through the use of an MPPT system. The photovoltaic
module has non-linear dynamic characteristics of voltage, current, and changes in weather
condition which means temperature and irradiation, therefore the MPPT has been implemented to
ensure the power energy generation for the photovoltaic cell is working on (MPP) with considering
changes in temperature and irradiation, without MPPT the voltage load delivered by photovoltaic
zero which can be understood from characteristic curve of solar panel. MPPT is a final control
mechanism used in an energy conversion system between solar panels and a solar transformer to
improve the powerful energy of the photovoltaic module. In recent decades, several MPPTs
algorithm solutions have been explored and developed to increase the power efficiency of
photovoltaic panels operation under diverse atmospheric conditions. [7]. Intelligent PSO-PID
controller-based MPPT algorithms are connected to the PV system in this work to maintain solar
modules operating at MPP regardless of environmental circumstances. The benefits of this method
include quick dynamic reaction, imprecise system control, resilience, and the absence of the
necessity for correct mathematical formulation. Furthermore, in comparison to Particle Swarm
Optimization Algorithm (PSO) and the Perturbation and Observation Algorithm (P&O) (P and O).



Under rapidly changing air circumstances, this method can properly monitor the MPP with low

oscillation.
1.5 GRID CONNECTED PHOTOVOLTAIC SYSTEM

Because of advancements in power electronics equipment, the demand for PV systems
connected to utilities is rapidly expanding. Nonetheless, the PV system has low efficiency as a
result of linking a solar energy source to a power grid, which may affect performance if the
infrastructure is not correctly designed [8]. To ensure the reliability and stability of the electricity
sent to the grid, the adaptive control architecture for the Photovoltaic system's inverter linked to

the power network must perform the following functions:

e Optimize the power efficiency generated by a photovoltaic system by tacking the MPP,
which may be achieved by employing the MPPTs algorithm.

e A photovoltaic inverter output current injected into the utility grid should be in phase with
utility grid voltage and exhibits lower switching frequency ripples and lower harmonic

distortion, therefore the unity power factor operation can be maintained.

The suggested technique for a one-phase full-wave rectifier inverter with unipolar Sinusoidal Pulse
Width Modulation (SPWM) contains two controllers: a voltage-controlled feedback control that
can provide voltage stability at the dc link and a current control loop that is being used to create
sinusoidal as well as keep the control performance at unity power factor. The LCL filter was
employed to reduce the switching frequency ripples injected into the utility as a consequence of

the solar inverter output current.
1.6 Objectives and Major Contributions of this Dissertation

The purpose of this dissertation is to design a controller technique for the single-phase double-
stage grid-connected photovoltaic energy source to improve efficiency and reduce cost. The major

contribution of this research can be briefed as in the following point:

1. Design of PID Controller using PSO for MPPT application, to enhance the dynamic
performance and ensure maximum power following regardless of changing of the
atmospheric condition.

2. Comparison of proposed MPPT controller with other optimization techniques.



3. Design control for the Voltage Source Inverter (VSI-SPWM) with grid stability.

4. Design Phase Lock Loop (PLL) grid Synchronization algorithm.

5. Design Techniques of an LCL filter, which is connected between the output of VVSI and the
grid system to reduce ripples along with the inverter output current.

6. Design DC-link Capacitor with voltage ripple Controller.
1.7 Dissertation Outline

The dissertation chapters are arranged as follows to achieve the aforementioned goal and

make this research's main contribution:

Chapter 1. Introduction. This chapter describes introduces the background and motivation of
photovoltaic technology and its applications and objective of this dissertation and the contents of

its chapter.

Chapter 2. Photovoltaic Cell Modeling and Characteristic, this chapter describes the
equivalent electrical circuit illustration of a photovoltaic cell and mathematical models based on a
single diode type model. MATLAB software is utilized to simulate the dynamic behaviors of a
photovoltaic module under changing atmospheric conditions. Simulation results indicate better

engagement concerning the datasheet provided by manufacturers and other related works.

Chapter 3. Maximum Power Point Tracking (MPPT) Techniques, this chapter presents the
design of the dc-dc boost converter and the design of the proposed Maximum Power Point
Algorithm based on an intelligent PSO-PID controller for optimizing power efficiency and

comparing with Particle Swarm Optimization Techniques (PSO).

Chapter 4. Design Controller for Single Phase Grid Connected PV System, this chapter
presents a design strategy for a single-phase voltage source inverter 2 legs based on SPWM
controller, size of DC link capacitor, voltage and current regulator, Phase Lock Loop (PLL) grid

Synchronization algorithm, and LCL filter.

Chapter 5. The Result, Discussion, and Conclusion, this chapter present the output result of the
proposed controller and system under testing conditions then discuss the result, and finally ill

summarizes all the contribution work in the conclusion section.



CHAPTER 2 PHOTOVOLTAIC CELL MODELING AND CHARACTERISTIC
2.1 Overview

A photovoltaic cell can use a solar panel to generate electricity from sunlight. Using the
electronic characteristics of semiconductor materials, convert sunlight into P-V transition. The
item is simple to install as consumer life lights. In certain industrialized nations, it may also be
utilized in combination with the global electricity network to establish redundancy. A solar cell is
simply a P-N junction made up of two independent layers of silicon loaded with a minuscule
number of atoms: atoms with one more valence electron, known as donors, and atoms with one
less valence electron, known as acceptors, in the case of the n-layer. When the thin sheets are
joined, the N-free layer's electrons seep into the P-side at the junction, leaving a positively charged
area behind. Similarly, the open pores in the P-layer scatter on the N-side, producing a negative
charges patch behind the acceptors. This generates an electrical charge between both sides, which
may act as a barrier against further transit [9].

2.2 Modeling of Photovoltaic Cell

A photovoltaic cell is essentially a p-n connection diode that generates an electric charge
when an incoming photon has greater energy than the electronic component element's energy
bandgap. Because a single solar cell has a limited output power, a photovoltaic module is coupled
in shunt and series mode to form a PV cell. Cell circuit layouts are divided into three varieties
based on the number of diodes used: one diode, two diodes, and three diodes. The double and three
diode forms are quite tough, while the single-mode form is simple and uncomplicated. Figure 2.1

displays the equivalent circuit of a single diode-type photovoltaic cell.

T Ll O
h I R_ Series
1P ll_ Diode I|_Parallel ~ PV,
Diode I
I_Ph R_Parallel V_PV

O

Fig. 2.1 Equivalent Circuit of Single Photovoltaic cell



The output current produced from the PV array is given by equation (2.1)

q va _ Ipv Rseries vaN p + |
|l =1 N —1,. N N N, 1 N - (2.1
= -1 ex -1|-| - .
> e e p AKT Rparallel
Where is:

|, = output photovoltaic current

|ph = photocurrent produced from the solar array
| e = diode current

|, = reverse saturation current of the diode

N, =number of PV cells connected in parallel to the PV cell

N, = number of PV cells connected in series of the PV cell
Rieries Rpara,,el = series and parallel resistance respectively

V,,= output photovoltaic voltage

K = Boltzmann constant ( 1.38x10 2 J / K))
= electron charge ( 1.6x10™ C)

T= Temperature in Kelvin

The photovoltaic device manufacturer generally does not provide the all data of the one-diode

model. Manufacturers generally provide datasheets including the following data of the photovoltaic

panels STC; temperature coefficient(Kv) of an open circuit voltage (VOC) , short circuit current (|SC),



MPP voltage and MPP current (V, ), temperature factor of short circuit current (Ki ), MPP power

mmp ? I mmp

(P

mmp) , and open-circuit voltage (VOC) . Therefore, most manufacturers provide a set of voltage-current

curves (I-V) and voltage power curves (P-V) for irregular atmospheric conditions, based on the
investigation of the photovoltaic model in the operation point of the |-V dynamic curve, (\/OC) , MPP power
(Pmmp) and short circuit current (|SC) . Allows relating the information provided by the datasheet to

unknown parameters of an electrical model. At the short circuit condition, the photovoltaic module an

open circuit voltage (output voltage) is equal to zero, therefore, from equation (2.1) the short circuit

current () can be found by equivalence (2.2)

IR IR,
| =1.—1 ex s | series 2.2
sC ph rs[ p[N VtJ R ] ( )

S parallel

Since the value of (I ) is much greater than (1) neglecting the leakage-ground current at a short
circuit state, (1) s almost similar to a photogenerated current (I ;) thus can understand equation
(2.2) be simplified (I, =1,,), In contrast, the open-circuit voltage parameter can be attained by
neglecting the output current (equal to nothing). an open circuit voltage at a short circuit condition

correlated to the temperature of the photovoltaic module can be written as in equation (2.3).

Voc :Voc,stc + Kv(r _Tref) (23)

The diode reverse saturation current (1,) is most often obtained by the use of equation (2.2) as

follows.

| = Iph _Voc / Rparallel (2 4)
" oexp(V, /V,)-1 '

There is another method usually used in parameter estimation techniques is based on equation
(2.2) in the MPP.

Vips + Lingp R Voo + oo Reeri
Impp = | ph — Irs (exp[ mpp N n;[;p series J_lj ____mpp R mpp " “series (25)
st parallel




2.3 Parameter Estimation Method of Solar Photovoltaic System

Because of its precision and flexibility, the single diode PV type has been used in the
majority of investigations for estimating electrical values of the parameters [10,11]. Recently many
researchers focusing on unknown paraments of the photovoltaic cell. in this section, we discuss

two types of estimation techniques which are Xiao’s Technique and Villalva’s Technique.
2.3.1 Xiao’s Method

This approach is driven by the fact that the output power of a photovoltaic module is
equivalent to zero at an MPP, larger than zero on an MPP left side, and less than zero on an MPP
right side when compared to the output voltage of a photovoltaic module [12]. Based on this

approach we can rewrite equations (2.4) and (2.5) by equation (2.6) and (2.7) by negligible parallel

resistance (R, )-
| o lw (26)
*exp(V, /V,)-1 '
Vm + Im Rseries
Impp =1 ph Irs (exp( ® NS\F}T j_]] (2.7)

By subsisting equations (2.6) and (2.7) we can find the result in equation (2.8)

eXp [Vmpp + I mpp Rseries j _1
| I

NV,
oo = Ton = : ph (2.8)
Vv
exp| == |-1
(Vt J
By rearranging equation (2.8) we can obtain the formula for R
I vy
VIn| |12 |gleht) g S |y
' |, I, e
R... = P P (2.9)

series I
mpp



By considering the change in PV power respective to PV voltage equal to zero;

VmPP“ mppRseries
I vt

e
dP |
T =0= 2 LS (2.10)
P P Irs Rseries [ U;p SWS]
1+ - = e
V

t

Mathematical equations (2.10) determine the four variables in this approach. Therefore ( |ph g,

and R, ) reduce the right side of equation (2.10) which represents the estimated parameters of

the PV module.

2.3.2 Villalva’s Method

When iteration begins, Villalva's approach allows just two factors R, and Rpara,,d to be retrieved

concurrently while keeping the diode ideality factor unchanged. The retrieved parameter values

are heavily influenced by the acceptability region and the R, increase [12-13]. Assuming that

series
the through certain may be chosen freely, they can be modified for an acceptable fit (I-V) curve
beginning from a fixed value. The value of parallel resistance can determine as a function of series

resistance, which shows in equation (2.11)

vmpp(v +1_ R )

mpp mmp ' “series

Rparallel = (mep+lmmpRseriesj (211)
V[
Vmpp Iph_lo € -1 _PmPP
Considering equation (2.11), it is obvious that for each number of series resistant R, , one value

of shunt resistance R, 1S produced, causing the electrical model to shift nearer to an

operational point V,_and I specified in the datasheet. Moreover, the iterative response

p
Ryies N R,y is used in this approach. Every iteration changes Rp,.. in the direction of the

best solution architecture [14].

10



Rparallel + Rseries
|y = |~ ] (2.12)

RParallel

The initial value of shunt resistance may be given by equation 2.13 and a starting value of series
resistance equals zero. Since this is estimated by an author as

R _ Vmpp _ Voc _Vmpp

(2.13)

2.4 Characteristics of Photovoltaic Module

The cells are made in modules or multiple modules series and parallel connections these
modules are used in a PV cell to achieve the required output energy of the modules; the dynamic
behavior of a PV module can be described by the power-voltage (P-V) and current-voltage curves
(I-V) [15-17]. The PV module must account for the influence of variation in the solar array
(irradiance and temperature). The manufacturer provides all of the parameters for the solar module
in the datasheet. The PV datasheet is presented in TABLE (2.1) in this thesis, and This data is used

to compute the solar module characteristic curve during typical working circumstances.

TABLE 2.1: Manufactures datasheet of REC Solar REC325PE72 PV Panel

Photovoltaic Parameters Rating Values
MPP Current (1,,) 8.46 A
MPP Voltage (v,,) 385V
MPP Power (R,,) 325.71 W
Short Circuit Current (1) 9.05 A
Open Circuit Current (V,,) 46.4V
Temperature Coefficient of Voltage (K, ) -0.32 v/cC°
Temperature Coefficient of Current (K;) 0.06 A/C®

11



2.4.1 Photovoltaic Cell Characteristic Under Changing in Solar Irradiation

The manufacturer provides (I-V) and (P-V) dynamic characteristic curves as a datasheet, these
data show the dynamic behavior of change of cell insolation. To get the impacts of solar irradiance
intensity on a photovoltaic module, the dynamic characteristics curve of a photovoltaic module
ware measured in the different solar irradiance intensities ranging from 1000 W/m?, 800 W/m?,
600 W/m? through the measurement procedure, The surface temperature of the photovoltaic
module was kept constant at 25° C. Figures 2.2 and 2.3 demonstrate this when the isolation drops,
the short circuit current drops in direct proportion. This makes sense that the photovoltaic module-
generated current is related to a photons flux directly. When the solar irradiance is low down, the
photon flux is decreasing with the increasing solar irradiance leading to an increase in an open
circuit voltage as well as short current increasing, hence an MPP varies [18]. Three PV cells are
linked in parallel to create high power, and four PV panels are connected in series to generate low

power.

——1000 W/m?, 25°C
3500 [|=—=800 W/m’ , 25°C
600 W/m? , 25°C

Power (W)
I
=
=

0 50 100 150 200
Voltage (V)

Fig 2.2 P-V Curve for PV System
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2.4.2 Photovoltaic Cell Characteristic Under Changing in Temperature

The power energy efficiency of solar modules is influenced by temperature, The
functionality of PV is impacted by temperature rises, which is dependent on temperature’s linear
operation. Therefore, A photovoltaic module’s temperature has a huge impact on its performance
[19]. As shown in Fig. 2.4 and Fig 2.5, the output current of a solar module in a short circuit
situation is proportional to the temperature of the module; as the temperature rises, the short circuit
current rises somewhat, but the open-circuit voltage decreases significantly. Nevertheless, one of
the reasons the photovoltaic array operates efficiently at low temperatures is because

semiconductor materials' energy gap varies with temperature.

Short circuit conditions, a reduction in the band of the energy gap, and an increase in the number
of photons in the valence and conduction bands result in a modest rise in the output current, but
large drops in the open-circuit voltage increase the leakage current. The gap energy of
semiconductor materials increases as the temperature rises. Because charge carriers are discharged
at a lower potential, photons in a conductive band will take more energy to migrate to the
conduction band, resulting in a loss in photovoltaic output power given the same photogenerated

current.
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CHAPTER 3 MAXIMUM POWER POINT TRACKING TECHNIQUES

3.1 Overview

Solar cells are designed to transfer solar radiation into electricity through the use of a power
electronics device with nonlinear behavior that reduces efficiency. Because these characteristics
are affected by climate change, It is critical to maximizing power production. [20]. The efficiency
of the output power of the photovoltaic energy is ineffective if MPPT algorithm techniques were
not sure the PV module operating at MPP, therefore during changing atmospheric conditions and
steady-state conditions the total effectiveness of the output power produced by the photovoltaic
energy source is depending on the output of the conversion efficiencies which should be implied
by considering an MPPT algorithm efficiency and extremely variable operating condition during
the day, basically the maximum power point tracking algorithm operation contingent on the solar
irradiance [21-22].

3.2 Design of DC-DC Boost Converter

The dc-dc boost converter works with dc sources, such as dc generators, batteries, and
photovoltaic arrays. DC to DC converter refers to the process of converting one DC voltage to
another. A boost converter, in general, is a DC-to-DC converter having an output voltage larger
than the input signal. In this project, the dc-dc converter regulates the voltage produced by PV
cells and increases PV module voltage. This output voltage is subject to the duty cycle controlled

by varying switching ON time on the switching device.

. | Solar Irradiance p—

Temperature [

MPPT I | - I
Controller .

PV Array DC-DC Boost Converter Resistive Load

Fig 3.1 Electrical Circuit model of DC-DC Boost Converter
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The electrical circuit architecture of the dc-dc boost converter is shown in Fig. 3.1. Inductance, the
resistive load, switch frequency, diode PV input, and dc output capacitance filter are all part of it.
The inductance and capacitance of the MPPT circuit are determined using the dc-dc inverter
architecture. The inductance is determined to keep the MPPT converter running in continuous
current mode (CCM). The controller must remain in CCM to ensure constant output. If the
inductance is low, the MPPT translator will operate in discontinuous current mode (DCCM).
(DCCM). When the inductance is excessively high, the MPPT processor grows and the tracking
response is delayed. The capacitance is designed to keep the voltage ripple within the limitations
provided. The voltage ripple is too big when the capacitance is too low. When the capacitor grows
too big, the MPPT inverters' reaction time becomes sluggish[23]. The mathematical model of the

design of the dc-dc boost converter parameters can give by equations (3.1) to (3.4)

Vo
V, = 1D (3.0
Dzldc
Co= AV, (32)

T (1_ D) fswva

dc

L = VwD (3.3)
© AIdc fsw .
Cp =i (34)

AVdc fsw

Where is:

V.= DC- output voltage generated from boost converter
va = input voltage generated from PV cell

|pv = photovoltaic current

| .= DC- current generated from boost converter

de = dc-dc boost converter inductance
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C,, = input capacitor filter
Cc = output capacitor filter
D = duty cycle (0-1)

fswz switch frequency

AV, = output dc voltage ripple

A|dc = input current ripple

R|oad = Resistive Load

Depending on the opening and closing of the frequency of switching, the dc-dc boost converter
will operate in one of two different modes. In the first operation modes the switch device will be

operated on t=0 and switched off when the diode is turned off, during the operation period

photovoltaic current (1, ) goes through the dc-dc boost inductor (Ly). In the second operation

mode, the switch will turn ON att =t and turn off at t =T (where; T= switching period and t,,=
switching time when the device is on). Therefore total power will be stored in the inductor in the

first mode and dc-dc boost current and voltage (V. , |,.) will go through the output capacitor filter

(Cq ) and resistive load (R,,) [24-26]. Fig.3.2 and Fig 3.3 illustrated the first and second

operation modes of the dc-dc boost converter.

L_dc

(5001

I_dc +
+ 1_PV

V_PV ——
C_dc V_dc[] R_Load

Fig 3.2 First Operation Mode of the Converter
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+ L_dC ll_dC +

V_PV _ V_dc [

- C_dc ] R_Load

Fig 3.3 Second Operation Mode of the Converter

Table 3.1 shows the specification design parameters of the dc-dc boost converter based on Pulse
width Modulation (PWM).

Table 3.1. Design Parameters of Boost Converter

Boost Converter Parameters Values of the Parameters
Switch Frequency ( fy,) 10KHZ
Duty Cycle (D) 0.5
DC-DC Boost Inductance (Ly) 2.795mH
Input PV Capacitor Filter (C,,) 44.71 uF
Output DC Capacitor Filter (Cy,) 0.51413 uF
Resistive Load (R ,,4) 36.4Q

3.3 Application of MPPT Techniques

The photovoltaic system's nonlinear current and voltage (I, V) characteristics adapt to
changing climatic conditions (solar irradiance and temperature). As a consequence, the Predictive
control algorithms controller is used to increase the power output by the solar cell to match demand
and current variations in the environment. Several MPPT algorithms have been studied and shown
to be successful. [27]. They differ in terms of implementation simplicity, sensing parameters,
convergence time, cost, capacity to distinguish several local and global MPPs, and applications.
Because they need a basic feedback approach and are straightforward to execute, P&O and HC

strategies are the most often utilized in MPPT algorithms. The feedback current is used in the
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incremental conductance (INC), short-circuit current (SCC), and fractional open-circuit voltage
(FOCV) MPPT algorithms [28-29]. Research studies are motivated to increase the architecture as
well as the efficiency of traditional MPPT techniques such as proportional integral derivative
controller (PID), perturbation and observation (PO), and incremental conductance (IC). Studied a
PID MPPT technique to provide variable step size that was modified matching to errors to improve
the performance of the P&O Optimization technique The genetic algorithm is used to adjust the
PID controller (GA)[30]. The PID control scheme is used to regulate the semiconductor switches
in the converter in maximum power point tracking (MPPT) for solar systems. The dearth of
controllers in a PV-MPPT system, such as a lag-lead compensator, PID controller, or fuzzy logic
controller, leads the power optimization method for solar photovoltaic systems to be sluggish and
susceptible to significant steady-state error[31-32]. This technique has been devolved to develop
the effectiveness of a photovoltaic energy source under the fast change in atmospheric conditions.
It has been defined as one of the most outstanding MPPT approaches, in which it has investigated
the dynamic behavior of the P&O MPPT methodology and an INC MPPT algorithm,
demonstrating that the efficacy of experimental outcomes is up to 95%, although the INC has limits
owing to component noise. This research study proposes an MPPT controller based on intelligent
PSO-PID controller approaches to solve the limitations of all of the above-mentioned MPPT
methodologies. The capacity to decrease steady-state error, regulate imprecise systems, resilience,

and the lack of necessity for correct mathematical expression are all advantages of this method.
3.3.1 PID Controller Based MPPT

The Proportional, Integral, and Derivative (PID) controller was initially introduced in 1939, and
it is still the greatest extensively employed controller in procedure control these days. The PID
controller is a feedback method of control comprised of three independent controllers: the
Proportional Controller, the Integral Controller, and the Derivative Controller (P, I, D), therefore
the mathematical model of the PID controller and basic structure are shown in equation (3.5) and
Fig 3.4 respectively. The PID controller requires the input error signal to be optimized therefore,
depending on the input error signal it’s going to generate control optimal value. These controllers

can be represented in a variety of transfer functions. The parallel form, ideal forms, and series
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forms of PID structure are commonly used in research and applications represented by (3.6), (3.7),

and (3.8), respectively. Un () = K e(t) + Ki':[e(t)dt K, %e(t) (35)
U(s):Kp+Ki%+de (3.6)
U(s):Kp[1+Tli><%+Tdsj 3.7)
U(s)=K, [1+Tlixa(1+fds) (38)

The parallel structure is a typical structure that allows for flexible controller parameter assignment.

We can transfer the ideal PID structure to series when z, S% the steps of converting forms are

shown in equation (3.9). In practice, it's frequently used in conjunction with a filter with short time
constants. [33-35].

T T T
K, = kp(l+—d],Ti =1 [1+—"J,Td =—1d (3.9

T, ezl

Proportional Controller

Kee(t)

Integral Controller Output Optimization
) 4 Error Signal

Ki;[e(t)dt 4.@‘)_.

Derivative Controller

d
K, —e(t
ddt()

Input Error Signal

Fig 3.4 Model of PID Controller
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3.3.2 Particle Swarm Optimization (PSO) Based MPPT

In 1995, Kennedy and Eberhart presented the particle swarm optimization (PSO) method,
This is a swarm intelligence-based intelligent optimization approach. The PSO is a method for
population-based evolutionary algorithms. It is simple to implement and has an excellent
computing performance as well as a consistent convergence feature. It is not necessary to
understand the gradient information of a system's reaction. This new heuristic approach solves
continuous nonlinear optimization problems with a high level of reliability. It can produce a high-
quality response in a shorter amount of time [37-39]. The hunting behaviors of birds and fish
schools inspired the development of this approach, and the research team used this phenomenon
to solve heuristic search issues. Several cooperating birds are utilized in this method, so each bird,
known as a particle, will have its optimal solution that is represented by an objective function, as
well as velocity, that is used to calculate the direction and distance of their movement. Every

particle shares information gleaned through its search process [36].

i P best,i

Fig 3.5 Operation Principe of PSO Algorithm

Fig 3.5 represents the behavior of particles swarm optimization which is controlled by

various parameters; the B, which is used to save the best location from each particle as an

est !
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independent best position, and the G, which is discovered by analyzing particle swarm

optimization and preserved as the swarm's best possible position. The particle attempts to modify
its location utilizing the present position, current velocity, the difference in values between the
current position and the previous personal best position, as well as the current position and the
previous global best position values. The fitness value assesses particle behavior to see if the finest
solution is found and, if not, repeatedly improves the solutions. Iterate this step until the required
halting requirement is met an excellent fitness or a maximum number of iterations is usually used
as a stopping criterion. The operation sequence of the PSO algorithm is represented by a

mathematical model in equations (3.10) and (3.11).
Vi (K +2) =wv, (k) + .1, (P — X (k))+c2r2 (Gpest =% (K)) (3.10)
x(k+1)=x(k)+v (k+1) (3.11)
Where is
P 1S Personal best position

G, is Global best position
W is Inertia weight

¢, and ¢, learning Factor and social coefficient
I, and r, are random values in the range of (0 - 1)
v; is the Velocity of the particle

X; is the Position of the particle
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Fig 3.6 Flowchart of PSO algorithm based MPPT
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3.3.3 Intelligent PSO-PID Controller-Based MPPT

MPPT techniques use controllers to modify the setpoint of the PV energy generation
system to match the generated reference value. There are several variations of MPPT in the
literature, each with a unique tracking variable option; therefore, tuning PID controller parameters
is critical to get decent system responsiveness. In this work, we have proposed new MPPT
techniques based on a hybrid Intelligent PSO-PID Controller. The PID controller variables (K;, K,
,and K, ) are optimized for maximum power point tracking based on a photovoltaic system utilizing
the PSO method. The population space is three-dimensional, with matrices representing location
and velocity. In the solution space, every potential set of controller parameter values is given as a
particle, and its parameters are modified by minimizing the error. A discrete PID controller will
be used to design the MPPT controller. The input error signal depending on the non-linear I-V

curve (dV,, , dl ), is evaluated as shown by equations (3.12),(3.13), and (3.14); therefore, the

v
proposed controller reduces the error signal to zero between dV, and dl . The amount of dV,

and dI , will be calculated by solar irradiance and temperature.

di

e(t) = Lo +—2 (3.12)
v, dv, '

dv,, =V, (t)-V,, (t-1) (3.13)

dl,, =1, (t)—1,,(t-1) (3.14)

In the case of low errors, the hyperbolic cosine non-linear technique has been presented to give
considerable integral regulating effects for big mistakes to limit system settling time and gain,
which will reduce oscillations around the MPP. Equations (3.15) and (3.16) represent a

mathematical model of the controller. Fig 3.7 illustrates a block diagram of the proposed controller.

uPID — K + King(e)+ Kd Nc

p
z-1 4. N,T,
z-1

(3.15)
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g(e) = cosh(g,e) = 0.5x (exp(ge) +exp(-g,e)) (3.16)

‘lel <
where; e = {e 16l < }

€, SIN(E) el > e

I_PV
—
di_PV

(3) «| di_pviav_pv

V_PV dv_PV | Input Error
_<|>J_ B Signal e(t)
- | Proposed Controller
u + ( Intelligent PSO-PID
+ Controller)

X PWM

Duty Cycle

Fig.3.7. Block Diagram of Proposed MPPT Controller

In the search space represented by the matrix, PSO will generate a random swarm of particles.
Each particle offers a great solution for PID parameters with values ranging from 0 to 50. Position

and velocity of the particle (x, and v,) are described by matrices with dimensions of 3xSwarm
size in this 3-dimensional issue that provides PID parameters (K, K;, and K, ). The swarm size is

the number of particles, with 50 being regarded as a large enough number. The optimal PID
parameter value is sent to the PID model to decrease the control error signal and improve the power

generation capacity.

The following are the steps for utilizing the PSO algorithm to optimize the parameters of a PID
controller:

e Initialize PSO parametersi.e. w,c,,c,, Dim, Swarm Size.

e Determine the population swarm of PID controller variables (K, K;, and K, ) in the search

space with random swarm and velocity.
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e Using equations (3.12), (3.13), and (3.14), compute the optimal solution of the particle

swarm and assess the error of each particle (3.14).

e Preserve the value of P, and G, , then Contrast the value of P, which have low error

between the current iteration with the old best value of G

west -therefore, if the current value

of G, then adjusted G, to the value and location of the current particles.

e Update values of particle velocity and particle position using equations (3.10) and (3.11).

Update the optimal value of PID parameters (K, K;, andK,).

Fig 3.8 shows the flowchart of the proposed intelligent PSO-PID controller for Maximum power

point tracking.

Initialize PSO Parameters (C1,C2,w,Dim,and
Swarm Size)

A4
Determine the Population Swarm of PID
Controller Parameters ( Kp,Ki,and Kd )

Itr+1

No

A 4
Calculate the Fitness Values
of the Particle Swarm

A 4

Preserve the value of G_best and P_best

Y

Update P_best and G_best of each Particle

A 4

Update Velocity of Particles Using
V(i)=W*v(i)+C1*r1*(P_best(i)-D(i))+C2*r2*(G_best(i)-D(i))

If Itr=Max_lItr

Updating PID Parameter by Using
G_best Value

A 4

( Return )

Fig 3.8. Flowchart of Proposed controller based on MPPT
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In Fig. 3.1, a photovoltaic system with fixed solar irradiation and temperature. (1000W / m? and 25°C
respectively) has five PV cells linked in parallel and ten PV cells connected in series which in
turn relate to the DC-DC boost converter and resistive load. The PV system was evaluated by using
the proposed controller shown in Fig.3.7. Integration of the absolute error over time (IAE) is
considered the basic function for reducing the input error signal of the controller to zero, in which
positive and negative amounts of input error signal equal to same values. The comparative result
of the output power of dc-dc boost converter obtained from simulation using PID, PSO, and
Intelligent PSO-PID controller implementing MPPT techniques is illustrated in Fig.3.9 The PSO
algorithm generates random PID parameters and optimizes them by choosing the best fitness

values which initial values of PID parameters.

3000 I
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= PID
PSO-PID
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1500

Power (W)
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| 1 1 1 1 1 1 1 1
0
0 0.2 04 0.6 0.8 1 12 14 1.6 1.8 2
Time (Seconds)

Fig.3.9. Comparison of DC-DC Boost Power

The MATLAB result shows that the proposed controller has better power efficiency in comparison
with PID and PSO-based converters. The proposed controller has low power loss during tracking
power at maximum operation point, less settling time (0.056 Sec), and low oscillations that are
shown in Table 3.2.
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Table 3.2 MPPT Characterizes Performance-based different methods

MPPT Technique’s PID Controller PSO Proposed Controller
Output DC POWER 2432 W 2550 W 2591W
Power Loss 173.68W 55.68W 14.68W
Power Efficiency 89% 97% 99.4%
Settling Time 0.072 Sec 0.37 Sec 0.056 Sec
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CHAPTER 4 DESIGN CONTROLLER FOR SINGLE-PHASE GRID-
CONNECTED PV SYSTEM

4.1 Overview

Photovoltaic panels supply direct current (DC) energy to the power electronics
components. DC-DC converters are widely used to increase the voltage output of PV cells.
Inverters have been used to convert high-level direct current voltage to the alternating current
voltage required to power conventional loads. Grid-connected photovoltaic systems are
categorized based on the number of output stages. The preceding, single-stage, was applied to the
system that used centralized inverter systems. In grid-connected PV systems nowadays, two-step
techniques are used, with a dc-dc converter coupled along with the solar module and the dc-ac

inverter.

! DC

% AC g

b >

9 N

DC 2 -

|-

AC e DC O
O AC

(a) Center Inverter Type (b) Reduced Center Inverter Type

Fig. 4.1 Single Stage configuration

The first generation of grid-connected Photovoltaic systems, seen in Figure 4.1 (a), connect
directly a centralized grid-connected DC/AC inverter to an array of Photovoltaic panels. To

generate a sufficient voltage output, the Photovoltaic cells are linked in serial, commonly known
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as PV strands. To produce high output power, the PV strings are then linked in parallel using string
diodes. The centralized DC/AC inverter is subjected to maximum power point tracking (MPPT),
grid current regulation, and voltage amplification if essential in this configuration. Therefore, the
configuration is simple, and the disadvantages are significant. One of the most significant is the
centralized MPPT's insufficient energy collecting abilities as a result of shading, panel
mismatches, and deterioration issues [41]. Figure 4.2 (b) shows reduced power variants of the

centralized inverter design were created using MPPT for each PV string separately.

i: DC j, L DC DC
c |
! D S ! AC
'C oc, /1 & .DC 5
5 | 2
e . L
== P Bl B
: DC : DC AC| |
(@) Inverter PCC at AC connected (b) Inverter PCC at DC-AC at the input

Fig 4.2 Double Stage Configuration

Specialized dc converters that conduct MPPT for each solar string can be mounted in the center
between the photovoltaic panels and the dc-ac inverter to optimize the energy delivered by the PV
cell[42]. As illustrated in figure 4.2, the output of the dc-dc converter can have either a modest
cascading effect of the dc voltage or a regulated current that maintains a rectified sinusoidal
waveform (a). In the latter scenario, the dc-dc converter maintains the MPPT and output current
controller, while the dc-ac inverter adjusts at the system frequency to create the inverted sinusoidal
waveform. In figure 4.2, several dc-dc converters feed one inverter topology (b). The MPPT and
voltage amplifier is adjusted by the dc-dc converters, while the main dc-ac inverter handles output

current control.
4.2 Design Strategy of Proposed System

Figure 1.1 depicts a block schematic of the proposed model, which includes a 2.8 KW

photovoltaic array linked to a linear load and power grid system. The suggested system is made
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up of a PV cell and a dc-dc boost converter that uses MPPT methods, a full-wave H-bridge with
two legs along with a dc-ac inverter type of voltage source inverter (VSI), dc-link capacitor, LCL
filter, and linear load. The grid-connected PV system it’s become a very important part of the
application of photovoltaic systems recently. Generally, two control techniques use to regulate
output power produced by PV panel grid-connected systems which are voltage control strategy
and current control strategy. If voltage regulation is used to regulate the inverter output, the system
is paralleled with two voltage sources. In this scenario, reaching the performance indices is
difficult. To achieve PV grid-connected, the grid is thought to be a voltage source with limitless
capacity, regulating the output current of the inverter and tracking the phase of the grid voltage
[42]. The Phase Lock Loop (PLL) architecture is proposed as a feedback control system to meet

grid phase synchronization.
4.2.1 Design Size of DC-Link Capacitor and DC-Link Voltage

The voltage oscillations at the capacitor and dc-link are created by the double line energy
utilization traveling between the input of the phase grid and the outside of the phase grid, which is
coupled to a photovoltaic system. As a result of the voltage ripple, the heating of the passive
components and dc source rises, affecting the MPP performance of PV cells[43]. To go with this
issue a capacitor is connected in parallel between dc-dc boost converter and dc-ac inverter, which
is directly proportional to both the dc voltage and ripple voltage. Figure 4.3 illustrated the

placement of the dc-link capacitor.

DC Link Capacitor
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Fig 4.3. Placement of DC-Link Capacitor
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The dc-dc boost converter supplies electric power to both the dc-link capacitor and voltage source
inverter (VSI) calculated by equations (4.1), (4.2), and (4.3)

P

dcconverter

= Pdc_C + I:)v3| (4.1)
Pdc_C = Cdc_LinkacAVdc (4.2)

The power generated from PV cell to dc-dc boost converter to VSI equal to power grid then,

Cdc Link — Pgrid (43)
- A f VAV,

grid
Where are f;; frequency grid, V. is dc-link voltage, and AV, is ripple voltage.

The DC-link voltage needs to be more than double the peak phase grid voltage at the common

point of interconnection (CPI) [44]. The value of dc-link is calculated by equation (4.4).

2.83V._.
= grid (4.4)

V., =
dc \/§ m
Where are V4 is the line of grid voltage and M is the modulation index

Table 4.1 DC-link Capacitor size in the different ripple voltage

Grid Power (P, Grid Frequency (  DC Link Voltage DC Ripple Capacitor size (
) fgrid ) (Vdc) Voltage ( AV, ) Cee_tinc)

2.6 KW 50HZz 376 V 7.52 at3% 975.66 uF

2.6 KW 50HZ 376 V 18.8at5% 585.39 uF

2.6 KW 50HZ 376 V 31.96at8.5% 344.35 uF

Table 4.1 shows the different levels of dc ripple voltage in the rate of KVA of inverter and normal

voltage. The size of the dc-link capacitor is designed at dc ripple voltage (AV,,) at 8.5 % of dc-
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link voltage, dc-link voltage (V) at 375.8 V/ we select 376V, and grid frequency ( fgrid ) at 50 HZ.

As a result, the dc-link capacitor value estimated by equation (4.3)is ( Cy, ;) 344.35 uF

4.2.2 Design of LCL Ripple Filter

LCL filters are commonly employed in the application of grid-connected photovoltaic
systems to obtain reduced unwanted voltage, current, and frequency harmonics. The LCL filter is
a third-order filter characterized by reactive elements, with a rating of dampening 60db/dec. The
LCL filter in this work was developed using a current ripple approach to acquire optimum reactive
control parameters and damping resistance. The IEC 61000-3-2 standard is used to assess the
overall grid stability of harmonic current. Therefore, it consists of damping resistance
(R ), inverter inductance (L, ), grid inductance (L, ), and capacitor filter ( Cy,,, ) which are

damping inv

illustrated in figure 4.4. The mathematical model of the LCL filter is represented by equations
(4.5) to (4.13).

IInV . i ri
+ R|nv L inv —» Ll Rgrid Lgrld 9_d>+
T C fiiter @
8 i o
g Vinv v grid %
- Rdamping g
Fig 4.4. Electric Model of LCL Filter
I.q(S
G(s) = Tgia () (4.5)
Vinv (S)
R samping C fireer S +1
G (S) — - damping ~ filter . . (46)
I‘inv LgridCfiIterS + (Linv + I—grid )I:Qdampingcfilters + (Linv + Lgrid)

By ignoring damping resistance;
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G(s) =—— ! (4.7)
1+ (—)* (L +Lyig)S

nv

res

Iripple = 8Lir::vfsw (48)
L., +L,
a)res — inv grid (49)
Linv Lgrid C filter
a I:)grid
Chier =57 (4.10)
272- fgridvgrid
I-inv = VI$ (411)
8 fswI ripple
I‘grid = IFLinv (412)
1
Rdamping = 30w. C (413)

res ~ filter

Where are; @, is resonance frequency, I, iS maximum ripple current, o the absorption rate of

ripple
reactive power in the condition of resonance frequency, and r is the factor between inverter

inductance and grid inductance. The LCL filter parameters are designed asr = 0.6, grid frequency
( fg,id) at 50 HZ, switch frequency f,, is 10 kHz, and o at5% . Therefore, the values of LCL filter

parameters calculated by questions (4.10), (4.11), (4.12), and (4.13) are R =2.8056Q

damping

Coer = 78224 4F | L, =1.5mH , and L

inv grid

=0.88667 mH .

4.2.3 Single Phase Lock Loop (PLL) based Transport Delay

Figure 4.5 depicts the phase lock loop's three components: a Phase Detector (PD), a Loop
Filter (LP), and a VVoltage Control Oscillator (VCO). The VCO produces the resulting oscillations,
The PD module, on the other hand, computes the phase shift of the input and output signals, also
known as the phase difference between input and output. The Loop Filter, which is commonly a

PI controller, is used to reduce phase error and deliver an appropriate controlling signal to the
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VCO. The application of SRF-PLL serval techniques such as Transport Delay, Inverse Park
Transformation, Second Order Generalized Integrators (SOGI), and Hilbert Transformation has
been applied to the synchronous phase in the utility grid. In this paper, Single Phase Lock Loop-
based Transport Delay method has been proposed for the synchronous phase in a PV grid-
connected system [45][46]. Its operation is based on resetting the direct component of the rotating

cycle to zero. This technique uses the input voltage V ,, as « afactor in af the system, and S

gri
the portion may be created simply by adding a phase shift about the input voltage fundamental
frequency. As a result, to diagnose phase errors, the Park Transform can be employed., which is

represented by (4.14). This component is derived using the predicted phase angle.

Voltage Control Oscillator
(vCO)

I dg |
| Vg —— aff |
. _ H Y Y .
| Vg = Vi Sin(ot + ¢) vV, 1 |
! R Transport Vﬁ I
1
| PLL Input Delay % Cycle |
' |

Phase Detector (PD)

Fig. 4.5 Block Diagram of SRF-PLL based Transport Delay
Ve | |cosd” SiNO™ |[Vyia | |V SINAG) | [V, A0 (4.14)
Vq —sin@” cos @ V/} _Vmax COS(AQ) _Vmax .
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4.2.4 Control Strategy of VSI Voltage

The purpose of controlling VSI voltage is to regulate the amount of the sinusoidal waveform

grid current (1, . ), that is in phase along the voltage grid (V). The current phase (1, )
represents the active component element of the reference current grid (1, ) [47]. The power from

the VSI at the DC side is delivered to the utility grid by precisely controlling the current magnitude
and employing a fast grid current controller. The single-phase control strategy approach allows the
active and reactive power of a grid-connected solar system to be controlled independently. The
single-phase VSI use is to maintain a stable ac-link voltage value and to supply active power into
the grid using the decoupling control strategy paradigm. As a result, the power balance is

established at the DC-link, causing ( V) to stabilize at the appropriate level. The fraction order

hybrid fuzzy logic PI controller as shown in figure 12 contains a fuzzy logic controller (FLC) and

fraction order propositional integral controller (P1). Where, K, and K is input fraction order factor
K., is output factor. Equation (4.15) describes the output signal of the proposed Controller. Peak

power stability concepts may be used to compute the mathematical relationship between the dc-
average link's voltage and fluctuations in the amount of the basic grid current while neglecting
converter losses. The fuzzy logic rule-based is shown in Table 4.2.

Vv Fuzzy Logic
dc_ref e(t) Controller
g " Ko Ugc[ 7 P uFLC—FOPI‘ 1 Igrid —Vgrid Vie
{ x X \ > — PI R ——
s d_u_, K. ™ dt* Ig"d—ref ZSC:dC_Iinkac_lirk
de(®) |t
Fig.4.6 Structure of Proposed Controller
d _AUFLC (t)
U c_Fopl = KPI i (4.15)
dt
Pic = Pgrid + Pdc_c (4.16)
dcdc_linkvdi_link — _Vgrid Igrid (417)
2dt 2
V .
Vdc (S) _ grid (418)

Igrid (S) - ZSCdc_linkvdc_link
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Table 4.2 Fuzzy Logic Rules

d*e(t) e(t)
dt” LN MN SN Z SP MP LP
LP LN MP LP SP Z MP LN
MP MN MP SP Z SN SP SN
MP SN SP SP SN MN Z Z
MP y v Sp MN MN SN v
Sp Sp SN v MN LN SN v
Z MP MN SN MN LN MN LN
SN LP MN MN LN LN LN MN

4.2.5 Control Strategy of VSI Current

The current regulation is used to create superior power quality and performance, which are

both crucial for achieving regulatory requirements. An internal current regulator's dynamic

reaction is often quicker than that of an external voltage controller. The voltage source inverter

(VSI) must provide a sinusoidal grid current with a decrease in the rate of THD and a power factor

around unity. As a consequence, the amount of the reference grid current is increased by a

sinusoidal reference frame produced from a grid-synchronized phase-locked loop (PLL). The grid

current is then forced to conform to this sinusoidal standard by the internal current loop regulator.

A block schematic of the control strategy loop-based grid voltage feedforward is shown in Figure

4.7.

grid _ref

—

N

—

X |

Fig 4.7. Block Diagram of VSI Current Control Loop Based Grid Voltage Feedforward

grid _ ref

A 4

\4

V.

grid_FF

VSI

KPWM |

grid

grid
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The reference current of the grid | . IS compared with the measured grid current |, and to

grid _re gri
reduce steady-state oscillations, the difference is routed through a controller. The preceding
controller can eliminate phase angle steady-state oscillation without using the voltage feedforward,
and it can also reject disturbances. Equations (4.19) and (4.20) express the miasmatical model of

the current controller.

Cig(s) ig(s) 1
G(S) - Vd (S) - Vq (S) - Rgrid + LgridS (419)
Vtri
Vgrid_FF = vV (420)

dc
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CHAPTER 5 RESULTS & DISCUSSIONS

Figure 5.1 represents the proposed molding system which was built by MATLAB Simulink
(R 2021b). The proposed system contains a photovoltaic system, DC-DC Converter (Boost
Converter) controlled MPPT algorithm, DC-AC inverter (Voltage Source Inverter), DC link

Capacitor, LCL filter, and single-phase utility grid with the nonlinear and linear load.

Fig 5.1. Simulation Model of Proposed System

5.1 Results & Discussions

All simulations performed in this work, which illustrate the findings for grid voltage, gird, dc-link
voltage, active power, and reactive powers on the AC side provided to the grid system, were
completed using the MATLAB/Simulink program. The proposed system in figure 5.1 consists of
a PV panel (two Parallel strings and ten Series-connected modules per string), DC-DC Boost
Converter controlled by Maximum Power Point Tracking Techniques (MPPT), DC-Link
Capacitor, Voltage Source Inverter (VSI), Non-Linear and Linear Load, Single Phase Grid System

which has the rate of grid voltage at (V,;, =330), grid power (P,;; =2.8KW ), and grid frequency
at (f,,, =50HZ). Therefore, simulation results are generated to validate the dependability,

accuracy, appropriateness, and efficiency of a proposed system. Furthermore, to validate the
efficacy and dependability of a proposed controller, these have been carried out using

MATLAB/Simulink scope power system in the different operating conditions of constant solar
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irradiation, ramp up / down solar irradiation, step solar irradiation, and constant temperature which
illustrated in figure 5.2. Table 5.1 shows the main parameters of the VSI proposed controller,
MPPT Proposed Controller (Intelligent PSO-PID Controller), and Pl controller. The gain
parameters of the Proposed MPPT Controller are optimized by the Particle Swarm Optimization
Algorithm (PSO); @=0.1,C, =1.2, C, =2, Dim =3.Therefore, the optimization cure of searching
optimal parameters of PID controller is illustrated in Figures 5.3,5.4,5.5, and 5.6 respectively. The
LCL filter is connected between input VSI and input of grid which aims to reduce unwanted

oscillation in grid current and voltage.

Table 5.1 Gain Parameters of Proposed Controllers

Gain Parameters

Controller
K, K, Ko K, K, A
MPPT Proposed Controller  94.41  87.95 14.22 - - -
VSI PI Controller 0.6 7.6 - - - -
VSI Proposed Controller 4 100 - 1.5 -0.5 0.9
1200
=== Constant Irradiance
100 e Step Irradiance —
Ramp up-down Irradiance
100 | e
NE 900 .
z
T S0 —
,E 700 |
E ﬁuu n--unu-uuuu--uuu-uunu--i —
% 500 .
” 400 —~
300 - —
200 | | | |
0 05 1 15 2 25 3 35 4

Time ( Seconds)

Fig.5.2 Different Operation Tests of Solar Irradiance
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A. First Seniors: Constant Solar Irradiance and Temperature

In this senior the environmental work of solar irradiance at 1000W / m? and temperature

at25C°, the obtaining result of the proposed strategy comparted with Proportional Integral

Controller (P1 Controller) and optimal parameters of Intelligent PSO-PID Controller optimized
by PSO algorithm to get optimal of tracking power produced by PV cell at MPP. Figure 5.7
shows the performance stability of dc-link voltage, the proposed strategy has fast voltage

stability at 0.3 sec compared with the PI controller.
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Fig 5.7. DC-Link Voltage

As observed in Figure 5.8, the output voltage and current of the LCL filter reduced oscillation
around the current and voltage waveform. Compered the obtained output current and voltage result
of VSI with LCL filter and input current and voltage result VSI without LCL, the LCL adjusted
output voltage and current at adjustable value and reduced ripple current and voltage to zero. The
propped controller has a better tracking reference current and voltage and fast settling time (0.25)
compared with the PI controller.
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Fig 5.8. Input and Output of LCL filter for VSI Current and VSI Voltage

Figure 5.9 shows the performance of grid voltage and grid current respectively controlled by the
suggestion controller and PI controller. From obtained results, it’s so obvious the grid current and
voltage reach adjusted values with less settling time and oscillation reduced. The performance of
active and reactive power of the single-phase grid system is shown in Figure 5.10. The proposed
PV panel was injured by constant solar irradiance and temperature, and the output power produced
by the PV panel controller by the proposed MPPT achieve optimum tracking at the MPP operation
point. The dynamic performance of active and reactive power controlled by the proposed VSI
controller has better dynamic performance compared to the PI controller, which reduced
overshooting, settling (0.3 sec) time, and steady-state error during tracking power. the reactive
maintenance to zero at 0.6 which is faster than the PI controller.
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B. Second Seniors: Step Solar Irradiance and Constant Temperature

In this senior, the environmental work of solar irradiance starts with 600W / m? , 0.8sec solar

change to  1000W / m®and temperature constant 25C°during traveling solar irradiance. Figure

5.11 shows the dynamic performance of active and reactive power of a single-phase grid connect
system, the PV penal injected with step solar irradiance, and constant temperature which is shown
in Figure 5.2. The proposed controller tracks active power during solar irradiance travel at (0.1

sec), P1 controller (1.9 sec) which lost power during the straitly period, and reactive power adjusted

to zero for the proposed controller at 0.5 which is faster than the PI controller.
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Fig 5.11. Active and Reactive Power of Proposed System with Step Irradiance
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C. Third Seniors: Ramp UP-Down Solar Irradiance and Constant Temperature

In this senior, the environmental work of solar irradiance starts with 1000W / m?then start

ramping down 0.6sec until 1.1sec to 250W /m* at 1.3sec, solar irradiance start ramping to

1000W /m? at 1.7 sec during the traveling period of solar irradiance temperature is constant at 25C°

. Figure 5.12 shows the dynamic performance of active and reactive power of a single-phase grid

connect system, the PV penal injected with Ramp Up/Down solar irradiance, and constant

temperature which is shown in Figure 5.2. The proposed controller tracks active power during

solar irradiance travel at (0.3 sec), Pl controller (2 sec) which lost power during the tracking period,

and reactive power adjusted to zero for the proposed controller at 0.4 which is faster than the PI

controller.
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Table 5.2 Comparative analysis of the proposed system in terms of settling time

Stelling Time of Active Power

Stelling Time of Reactive

Solar Irradiance Proposed Pl Proposed Pl
Controller Controller Controller Controller
Constant Irradiance 0.3 0.7 0.5 0.8
Step Irradiance 0.9 1.9 0.6 0.8
Ramp Up-Down
1.7 2.3 0.5 2.3

Irradiance

47



5.2 CONCLUSION

This study has finished the design controller approach of a single-phase grid-connected
system-based photovoltaic system. Two controllers are proposed in the system, Intelligent PSO-
PID Controller for MPPT techniques and the Hybrid Fuzzy Logic- Fraction Order P1 Controller
(hFLCFOPI Controller) for control voltage and current in VVoltage Source Inverter (VSI). The
MPPT strategy is used to verify the operation of the Photovoltaic cell at MPP even in the presence
of erratic environmental circumstances. The external voltage control loop regulates the dc-link
voltage and injects sinusoidal current into the grid with a low THD. Harmonic distortion does not
leak through to the grid current because the dc-link voltage is stabilized and the grid current is
managed promptly. To synchronize the phase of the PV-VSI with the energy system, a single-
phase lock loop (PLL)-based transport delay mechanism was used, and an LCL filter was used to

avoid unwanted ripple in grid current and voltage and eliminate frequency harmonics.
5.3 FUTURE WORKS

There are certain possibilities of the proposed ways for implementing photovoltaic energy
sources that can obtain better results; nonetheless, many challenges and intriguing characteristics
must be submitted to future studies. The following are some intriguing ideas for further research:

1- Managements active and reactive power photovoltaic system for three-phase grid-
connected system.

2- Integral develop grid system on the with battery storage which can supply grid connection
at night.

3- Design and optimization protection system of photovoltaic grid-connected system
equipment.

4- Investigate the power loss distribution that is impacting the thermal behavior. Hence, the
photovoltaic inverter lifetime is challenged.

5- Implements artificial intelligent techniques for controlling and optimizing dc-link voltage

and maintains unity power factor.
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