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Abstract

The hybrid renewable energy systems are widely employed to meet the load demand at
various critical times. This paper proposes the modelling, simulation, and conversion of
energy using multiple power electronic based DC-DC converter topologies in Hybrid
Renewable Energy System (HRES) which consist of solar and wind turbine energy sources,
for enhancing the system stability and efficiency. This work presents a novel high gain
power electronic DC-DC known as Modified Single-Ended Primary-Inductor Converter with
magnetic coupling for boosting voltage in HRES. Landsman converter is used to reach peak
DC output voltage, improve power quality and voltage stability, reduce conversion of power
stages, and decrease losses compared to the present power electronic converter coupled with
HRES. Moreover, adaptive neuro fuzzy system controller is proposed in this research to gain
peak power from photovoltaic system. The results are validated using SIMULINK/MATLAB

software.

Keywords: Adaptive neuro fuzzy system, landsman converter, hybrid renewable energy
system, modified single-ended primary-inductor converter
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RECENT ADVANCES FOR DC-DC CONVERTER TOPOLOGY IN HYBRID RENEWABLE ENERGY SYSTEM

1. Introduction

In recent era, to meet the demand of load, the remnant fuels are comprehensively used
up which cause their depletion. The use of fossil fuels contributes to the occurrence of global
warming. The best option for supplying green energy to solve this global energy catastrophe
is renewable energy sources. In FW2021, India had 94.5GW renewable energy capacity, and
152.36 GW of installed renewable energy competence as of January 2022. In January 2022,
there was an augment in the renewable energy capacity of 975.60 MW. The percentage of
installed electricity capacity that comes from non-fossil sources as of January 2022 is 38.56
percent, which is in line with the ambition of 40 percent by the end of 2022. By 2030, the
nation hopes to have 500GW of renewable energy installation, with solar power accounting
for 300GW (more than 60%) [1].

The creation of the majority of renewable energy sources, such as photovoltaic system
and wind turbine system, is known to be significantly intolerant by the neighboring
environment. As a result, output characteristics that are unstable are created, which is the
primary drawback of renewable energy invention. The nation's industrial development and
economic condition are being hampered by the energy crisis, which is the primary driver
behind the switch to Renewable Energy Sources (RES). The demand for electrical energy has
been rising endlessly as a result of the industrial revolution. Additionally, the usage of
conservative fossil fuel technologies harms the environment by releasing greenhouse gases
like CO,. As a result, RES like wind, solar, biomass, hydroelectricity, etc. have come into
focus. The most popular renewable sources that are regularly used for generating supply are
solar and wind energy. The RES not only offers energy free of cost but also energy that is
clean [2, 3]. In any case, there are occasions when, relying only on a specific RES fails to
provide the obligatory grid electricity. Grid-connected mode and islanding mode are the two
operational modes for Hybrid Renewable Energy System (HRES), each with their own
advantages and disadvantages. The islanding mode is advantageous in places where grid
connections are impractical, and it helps electrify places where it is demanding to build
transmission lines. Grid-connected mode is favorable in locations with established

transmission lines and a need for dependable supply, such as cities and towns [4].

Photovoltaic energy is typically documented as a significant renewable energy due to
its widespread availability, low cost, and lack of pollutants. PV technology is the process of
employing semiconductors to turn solar energy into electrical current [5, 6]. Before being fed

into the grid, the less value of DC voltage generated by photovoltaic is increased. A
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transformer is frequently used to increase voltage gain. However, because it is heavy and
expensive, the usage of transformers has been constrained [7]. To increase the output energy
of PV system DC-DC converter with high gain is used [8, 9]. Based on the voltages and
currents employed, micro grids can be roughly divided into AC, DC, and hybrid micro grids.

A DC-DC converter is thought future essential for converting the low voltage to a
high voltage because the voltage output from a PV is essentially a low DC voltage and it
changes with the changing weather and solar irradiation [10]. In terms of DC-DC converters,
boost converters are employed to raise the voltage of PV panels, and their integration lowers
the input ripple current from the solar panel, boosting the panel's dependability and extraction
power. Despite these advantages, boost converters require more switching devices due to
their discontinuous input and output. As a result, the gain of the circuit fluctuates, which
affects the dynamics of the circuit. A buck-boost converter has been created that has a broad
input and output voltage range and improved performance to get around this restriction. The
DC input voltage range is expanded thanks to an extra input function, considerably enhancing

the adaptability of the PV panel while maintaining centralized operation.

In PV systems with reduced ripple current and better voltage gain, zeta converters are
also used, although the voltage gain is sensible due to inductance leakage. The PV panel's
CUK converters demonstrated low switching losses, improved voltage control, and higher
efficiency for flexible operation. However, these converters slowed slowly, affecting the
exact usage, as a result of the sudden speed up/down voltage that resulted. Furthermore, the
CUK converter can only operate in the medium-low power range since high-power operation
requires large input and output inductors, and the converter suffers damage from utility grid
voltage swings when connected to it. Additionally, SEPIC converters are used in PV systems
to produce a non-inverting output that is thought to be simple to drive due to the referenced
switch towards the ground node. These converters are not better, nevertheless, in terms of
price and effectiveness. The Landsman converter, which provides noiseless operation and
increased efficiency, is used to address these problems. Many DC-DC converters, including
boost, buck-boost, KY, SEPIC, and others, are used with the PV system to carry out an
effective DC-DC conversion process. The decrease of Total Harmonic Distortion (THD),
settling time, peak overshoot difficulties, and steady state error using successful control
approaches considerably increases the converter's efficiency [11].

In this study, to enhance output voltage of PV system, a high gain DC-DC boost

converter is designed. However, the PV system's inconsistent behavior, instability, and
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subpar conversion capacity have an impact on its presentation. The PV system must therefore
use a DC-DC converter along with MPPT method to guarantee that it generates the most
power possible [12]. To make the most of the power generated by the PV panel, a number of
power tracking techniques are in use. The solar isolation, temperature of cell, and load linked
to the PV panel are the essential factors that affect how much power it produces. All these
elements have an impact on how creative the PV system is. In order to obtain the best level of
efficiency for PV frameworks, an effective MPPT algorithm is applied. Incremental
conductance, hill climbing, open circuit voltage, ripple correlation control are some of the
traditional MPPT approaches that are initially taken into consideration. These MPPT
techniques, however, are ineffectual because they result in peak overshoot issues and output
oscillation [12]-[14]. Therefore, an MPPT algorithm based on Artificial Intelligence (Al)
such as ANFIS based MPPT method is used to address these problems.

Installed Renewable Capacity Breakup (GW) -2022
= Solar Power

= Wind Power
Bio-Power

=Small Hvdro

Hvdro

Figure 1. Installed Renewable Energy Capacity [1]

On the other hand, wind energy is a rapidly expanding RES that uses wind energy to
produce electricity [15]. The two most popular types of wind turbine generators are
synchronous generators and Induction Generators (IG). Because induction generators are
dependable, affordable, straightforward, strong, and have a high rotational speed, they are
used in this task. In the past, constant speed IGs was used to power wind turbines in small
capacity systems. Employing this constant speed passive output limitations are what keep 1Gs
in their place [16, 17]. Double Fed Induction Generators (DFIGs) are now regarded as a
viable solution for achieving variable speeds after a number of years. The speed and
efficiency of the wind energy system are further increased by its low cost and straight
forward design [18, 19]. Energy storage technology is applied here to reduce power
fluctuations brought on by unstable RESs like wind, solar, etc. Consequently, the battery's
function is to enhance the eminence and stability of electrical power before it is transmitted to
the load [20, 21]. The converter must be isolated in order to manage how the battery operates.
There is no reference voltage, which isolates DC converters with isolated voltage issues.

Trying to decrease the grid voltage causes issues.
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2. Proposed System Description
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) Converter
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Figure 2. Proposed Hybrid Renewable Energy System
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The proposal of an L-converter in a hybrid renewable energy system is the work'’s
originality, and the focus of the research in this article is on the problems of HRESs. The grid
linked DC-DC converter is not isolated, has fewer power conversion stages, and has less loss
than contemporary hybrid grid-connected systems. The SEPIC converter continuously
generates input current, minimizes input ripple current, and alleviates output voltage stress.
The L-Converter and the PV system's output side work together to increase output voltage
while minimizing switching loss. Numerous power converters and management systems are
designed for managing and monitoring active and reactive power because renewable energy

sources are intermittent.

The primary aim of this proposed work is the modeling of hybrid renewable energy
system using PV system with wind turbine system to generate a stable and peak power during
various abnormal electrical behaviors like voltage imbalance, swells, harmonic distortions,
notching, sags, transients, etc. The energy produced by solar and wind energy is supplied
through a DC to DC converter before being transferred to an inverter circuit, where the
semiconductor devices in the circuit are given gate pulses by a PWM system. In the Wind
Energy Conversion System (WECS), the wind turbine converts the kinetic energy of the
turbine into mechanical energy, and the Double Fed Induction Generator converts mechanical
energy obtained from wind turbine into electrical energy in the alternative nature. Hence, a

PWM rectifier is used here to convert the AC voltage into DC voltage.
2.1 Solar PV Modelling

The solar cell is the most essential component of a PV system that generates DC

voltage when exposed to sun light based on the phenomenon of photovoltaic effect. A PV
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panel consists of many solar cells, which are linked inparallel and series, with the expansion
of parallel connection increasing the current and the expansion of series connection
increasing the voltage. A PV array is made up of many PV panels. Figure 3 illustrates the PV

cell equivalent circuit.

RS

AR

—
Ipy

| t
Iph 1 D Rp Vpv
Lt

Figure 3. PV cell equivalent circuit

By applying Kirchchoff’s current law,
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Here, Ipy, specifies the PV output current that flows through the series resistance Rj,
Vpy specifies the PV output voltage , I,,, specifies the photo generated current, I, specifies
the diode saturation current, I, specifies the current that flows through the shunt resistance
Rp, n stands for number of series connected solar PV cells, v represents the junction thermal
voltage, a stands for diode ideality constant, g represents the electron charge, which has a
value of (1.602 x 1071°C), k denotes the Boltzmann constant (1.381 x 10723J/K) and T

denotes PN junction temperature.
2.2 Modeling of Wind Turbine

Wind turbine generation power output is given as,
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pwg = prp’Vc < VWT S Vfc (7)

Where, Py is wind generator output power, p_ is wind generator rated power, v_ is

WT cut speed, v, is WT rated speed, and v, is cut speed rotation of wind turbine stops.

a

( )
Vth = Vref L H J a (8)
HrefWT
Here, v,,, is the Turbine height wind speed (H), v, iS wind speed noted by

meteorological station at height (H, ), « is the Roughness Surface factor which is

approximately equal to 1/7in of an open surface of space.

PMSG wind turbine Mechanical Wind Power,

P =~ PAV.C, (4,5) ©

rwvm
Here, 4 =

, I is the turbine of wind surface, wm is the shaft speed angle of
Vv

turbine, and v is the wind velocity.

By considering betz limit, the experimental maximum power efficiency 0.59 is for

WT system. This is known as power coefficient and is given as,

Comax = 0.59,C = —" (10)

Where, P, is the extracted power (available power), P, is the mechanical output
power of the turbine (w), p is the air density in kg /m?, A is the swept area of Turbine m?,
v, is wind speed (m/s), c, is the performance coefficient of the wind turbine, 2 is the tip

speed: it is ratio of the rotor blade tip speed to wind speed, and s is the blade pitch angle.

When transferring WES-generated power to the utility, back-to-back power electronic

converters are frequently suggested to meet power quality requirements.
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3. PV Coupled DC-DC Converter
3.1 M- SEPIC converter model

|
[LIE

>
Ro S
>

Figure 4. M-SEPIC converter

The modified SEPIC converter is used as magnetic and without magnetic coupling.
With magnetic combination, it enhances the static gain and switching voltage at a very low
level. The M-SEPIC converter essentially uses a boost converter after that, by buck-boost
converter, although it has more advantages of having non-inverted response. By using
renewable sources, M-SEPIC converter without magnetic combination can perform twice of
the static gain of the boost converter for a high duty cycle operation. But a practical drawback
of M-SEPIC converter in order to keep the duty cycle of converter close to D=0.86 is that it
results in peak static gain identical to approximately q=12.5. An easy answer to elevate static
gain without enhancing the duty cycle and the switch voltage, is to take in an inductor L; in
the secondary winding. The output of the secondary winding increases with the help of
inductor winding turn ratio N. This converter produces problem of high voltage at the output
of diode Do due to existence of leakage inductance of L, in the coupling winding. The output
diode reverse recovery current causes the energy stored in leakage inductance, and results in
voltage sphere and peak reverse voltage at the diode output Dy. It is difficult to control this
overvoltage with snubber or clamping circuits. To overcome this effect is to include voltage
multiplier at the secondary side. This voltage multiplier boosts the converter static gain and
production voltage, works in CCM with output diode clamping. Here all capacitors taken are

as voltage sources and for theoretical concern all semiconductors are ideal.

Ly

M_H._l El_|5’
i CU K
S-| K‘ DMI + D\1 -|-

Figure 5. Mode 1 operation

Mode 1: [to-t;] The switch S is ON and input inductor L; reserves the energy. The Cs; is
charged by L,s, DM2. The leakage inductance limits the current. The output diode is
impassable, and the peak diode voltage becomes identical to (Vo-Vem), and the energy transfers
to the capacitor Cs; at the instant t;.
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[Cwrer ]
Figure 6. Mode 2 operation

Mode 2: [t;-t;] Dm2 is blocked at instant t; and the switch is off, the inductors L3, L2 store

energy, and the current linearly increases at the instant t,.

Figure 7. Mode 3 operation

Mode 3: [to-t3] The inductor L; stores energy and transfers to Capacitor Cy. Cs;, CS2, L2 and

Do receive energy through output.

Figure 8. Mode 4 operation

Mode 4: [ts-t4] While the power switch is turned on, the energy shifting to the output is

preserved at the spot t,,

[rmeer]
Figure 9. Mode 5 operation

Mode 5: [t4-ts] When the switch is going on at moment t4, D, current decreases linearly and
transformer leakage inductance restricts the di/dt. Decreasing the diode current, recovers

problems.

The M-SEPIC converters with magnetic combination and with voltage multiplier of
secondary side theoretical wave forms are described in fig. 10. M-SEPIC converter magnetic

combination and voltage multiplier static gain can be calculated by,
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v 1
—= (1+N)
V. (1-D)

The N winding turn ratio increases static gain without increasing switching voltage.

N = N s
N

L2P

N is the winding turn ratio of the inductor. The duty cycle is given by,

vV,
D=1-—""(1+N)
v

0

The switch and diode voltage are given as,
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Figure 10. Theoretical wave forms

The diodes Dm? and D, D™ 2 and produce same voltage. This is given as,

' (1-D)

The value of inductance L, is given as,

(V,xD)
1 Zp:N Lzs

(1-D)

=N"x
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3.2 L-converter model

L

L [ *

Figure 11. L-Converter

L-converter is a DC-DC converter that enhances the output voltage of PV system. It
operates in continuous conduction mode without considering the irradiance level. Fig .11
shows the proposed L-Converter diagram. The excitation and response voltage are given by
V1 and V,. The switch Vs and response resistance Ro, the current flowing through inductors
IL.1 and I», and the voltage across C; are in continuous mode. The converter 1 has the
capacity to enhance the output voltage when the value of the duty ratio is equal and more
than 50%.

Working stage 1: In stage 1, the Vs is turned on and the capacitor voltage V¢; causes the
diode to reverse bias. Along the switch, a current known as I, causes L, flows. C1
discharges through the switch, shifting energy to the L, inductor and the output, because V¢
is greater than the response voltage Vo. As a result, VC1 decreases, the I, rises, and the
input provides energy to the input inductor L;.

Working stage 2: In stage 2, the switch is in off position. Now the diode is in forward bias
mode. The current flowing through inductor L, becomes I, flows through diode Vp. The
inductor L2 shifts its energy backup to output across the diode; similarly, C; is charged over
the diode. C; is charged across the diode with the energy of V; in addition to L; thus V¢

increases whereas |, decreases.

The input ripple in current 1, is intended by taking into account the flow of all the

1

ripple components of L; across C;. ag represents the additional flux, and the max-to-max

ripple current is given by:

Ag
Al = —
T 17)
At turn off condition, the current is across Ca.
AV,
|c1:IL1:C DN (18)

Y- D),
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Where, D is duty ratio and t, switching period. The voltage ripple content of v_, is given as,

I, (1- D)t
L1 S
AV, = H——"=
Cl
I,1-D)
Al = ———=
8L.C, f

171 sw

Where, f, = L isthe switching frequency
tS

D

| - —_
1-D)I,

L1

Where, lo is the output current.

1,D
L1= ,
8C, f

1 sw

Al L

The leakage inductance is,

The resonance period at mode 1 is,

([ c.c, )
T =7 Lr| sl”s2 |

kcsl+c52)

Capacitors Cs and Cy, can be determined by,

Where, 1, is the semiconductor current effort, and av_ is the capacitor ripple voltage.

3.3 Modeling of MPPT controller

(19)

(20)

(21)

(22)

(23)

(24)

(25)

The adaptable intelligent control method known as ANFIS, developed by Jang in

1993, combines the ANN and the Fuzzy Inference System (FIS). ANFIS converts a system

into if-then rules to deal with non-linear functions. As shown in Fig. 12, the ANFIS

controller's structure is divided into five layers: the input layer, rule layer, normalisation

layer, defuzzification layer and output layer. Here, a and b serve as the ANFIS structure's two

inputs, and f serves as its output.
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w1
a
w2

Layer 5
2 O e
a 4]

Layer 1 layer 4

Figure 12. Proposed ANFIS model

The Sugeno FIS-based ANFIS if-then rule configuration is as follows:

Rule 1:ifais X; and b isY;; thenF, =ta+ub+v,

Rule 2:ifais X, and b isY,; then F, =t,a+u,b + v,

The design parameters for training process are Tl Vi , Where k = 1,2. The fuzzy sets

are represented by the terms X; and Y; .

In the initial layer, the membership functions for each of the specified input data are
developed. The membership functions of the adaptive nodes of this layer are given by,

0,, = bg (a), k=1,2 (26)
0,, =y (), 1=1,2 (27)
Here, the membership grades for fuzzy set (X;,X,,Y; andY,) are represented as

Hoy (@) and gy, (b).

The second layer consists of circular nodes that are labeled as . This layer multiplies

the input signals as shown in the following mathematical expression.

O, =W, = s (a)xpuy (b), k=12 (28)

Here, the term w,, specifies the firing strength of node k.

The third layer is the normalization layer, which consists of circular nodes that are
labeled as N. The output of the second layer is normalized in this layer, as given below.

0y, =W.=——— k=12 (29)
Here, w, specifies the normalized firing strengths.

The third layer output is simplified in the fourth layer and the result is given by,
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O, =W f, =w(t, g+u, +v,) k=12 (30)

4,k k

Here, t u,,v, represent the parameter set and the term wyg specifies the output of the

third layer. The summing of all the inputs is carried out in the final layer. This layer consists

of only one node, which is labeled as ) . The overall result is given as,

B (31)
W, +w,

Premise and consequent parameters refer to the first- and fourth-layer’s parameters
respectively. While the parameters of the fourth layer are tweaked using a least squares
technique, those of the first layer are tuned using a back propagation approach. These two
techniques enhance the system's precision and rate of convergence, which enhances ANFIS's

capacity for learning.

Table 1. Specifications for HRES

Parameter name Value
Module cells 42
Cells in series 18
Parallel modules 4
Voltage at open circuit Vo, V 22
Current in short circuits, A 7.3
Duty ratio of converter 0.51
Mosfet Switch s IRFP260N
power diode D, UglOXCT
Dml UglOXCT
Dm2 UglOXCT
Cwm S5uF/250V
Ca1 S5uF/250V
Cs, S5uF/250V
N 2.8
Co 100uF
Capacitance in Cy, 100uF 4.73
Capacitance in C,, 100uF 9998
Inductance in Ly, mH 0.89
Inductance in L,, mH 6.4
capacitance Cy, 100uF 648
resistance R, ohm 0.032
inductance L;, mH 0.69
resistance R;, ohm 0.02

4. Results and Discussion

The proposed work is applied in MATLAB and the consequences are acquired in a

most useful way as detailed below.
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Figure 17. Output voltage of M-SEPIC Figure 18. Output current of M-SEPIC
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Figure 19(a). Output voltage of VSI
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& t10%s s

Figure 19(b). Output voltage of (a) VSI
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1 1.2 1.4 1.6 1.8 2

Figure 20. Output current for Grid

Efficiency(%) and Voltage-Gain Comparison
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Figure 21. Efficiency and voltage gain of DC-DC converters

The monitoring efficiency of the proposed MPPT set of rules is exposed to be more
powerful when analogized with traditional algorithms generally Peturb-Observe (P-O),
Incremental Conductance (IC) and fuzzy. The monitoring performance of P-O set of rules,
IC, fuzzy and ANFIS are practically as 82 %, 84 %, 88 % and 93 % respectively.

Tracking Efficiency(%) of Various MPPT Algorithms

92
25
a4
- '
P&OD

Inc. Conductance Fuzzy ANFIS

Tracking Efficiency (%)
R R EEE RN

Figure 22. Tracking efficiency of various controllers

5. Hardware Design

The experimental results were obtained with a digital oscilloscope DS1102E 100MHZ
[1Gsa/s] and a current amplifier TCP312A with a probe SC1-013-030(100 MHz), PV module
BPSX150, dspic30f2010, and 28pin digital signal controller. For isolation purposes, regulator
LM317, a three terminal positive adjustable regulator, and opt couplers PC8174 and 4N35IC
were employed. The converter with magnetic coupling and a suggested voltage multiplier,
and working with a resistive load of 100w have produced the results that are shown. The

findings of the experiment resemble theoretical waveforms.
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Figure 23. Design of the proposed L-Converter
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Figure 24. Output voltage and current of the proposed converter

6. Conclusion

Power electronic primarily based DC-DC converters using control circuit with low
cost are proposed for photovoltaic system. The advanced DC-DC converters are utilized in
this work alongside the neuro fuzzy interface system, for monitoring the most power from
photovoltaic device. The converters preserve constant photovoltaic output voltage without
thinking about the radiance level. Modified SEPIC converter with magnetic combination is
the most superior system with a purpose to gain a very excessive static gain for low input
voltage and high output voltage applications. Insertion of voltage multiplier cellular at the
secondary side will no longer affect the complication of converter. Moreover, it enhances the
converter static benefit. The commutation losses of the suggested converter with magnetic
combination, are condensed because of the continuation of the transformer leakage
inductance. The major benefit of modified SEPIC converter circuit is that it has a well-known
advantage for a given obligation cycle. The Landsman converter presents better results with
most performance of 92%, and static gain of 10, and the entire harmonic distortions are
minimized to 4%. The proposed work has been tested through simulation/MATLAB software

program.
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7. Future Scope

The proposed topology can be enhanced to discover utility in structures with low

input and excessive output voltage. This topology also can be carried out within the packages

which require decreased losses, high strength density, low weight, and quantity. For the

reason that machine uses renewable strength supply, it can be efficaciously utilized in

extensive range of programs, which includes the UPS device.
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