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Abstract— Power generation as well as distribution systems are experiencing considerable
modifications, due to advanced technologies like incorporation of extensive renewable energy
production, improved transmission as well as control schemes, and increased storage capacity. Among
various renewable energy resources, solar PV (Photovoltaic) based energy generation system is widely
used because of its static structure, minimal size as well as low maintenance cost. But, the output voltage
bring about by the PV system is generally minimum and it affects the efficiency and reliability of the
system. Hence, there is a need for a high switching frequency device to uplift the minimal PV voltage.
This is obtained by incorporating the PV panel with a DC/DC converter which boosts the PV voltage
and improves the energy extraction. n this work, the single-ended primary-inductor converter (SEPIC)
has been utilized for better power tracking from PV modules. SEPIC Converter accomplish with
impedance matching power device and provides utmost PV power tracking. Space vector pulse width
modulation has been utilized as an inverter control. Finally, the proposed system is simulated in
MATLAB and Simulink software to validate the analytical and theoretical concepts along with the
efficacy of the proposed model.

Keywords— SEPIC Converter, PV Panel, MATLAB, MPPT, THD, Non-linearLoad

I. INTRODUCTION

The fast penetration of RES, such as PVs, increases the popularity of DC-AC power converters at
grid-connected applications [1]-[5]. However, the new PV architectures have independent PV modules
with low input voltages [6]-[9]. Moreover, the partial shading scenarios force this voltage to be time-
variant [8], [10]. This characteristic makes the traditional VSI and CSI have some limitations due to
voltage gain property because VSI and CSI are a buck and boost inverter topologies, respectively [3],
[8]-[10]. Therefore, inverter topologies with buck/boost features are the modern PV architectures trend
with additional functionalities such as voltage isolation, modularity, scalability, and bi-directional power
capability [8], [10]. Generally, PV modules are directly connected to the utility grid. The issues related
to leakage current and grid-operators safety have been increased. Isolated topologies are recommended
to cut the leakage currents, decrease CMV, and EMI to maintain human safety [8], [10]. Also, defining
the number of connected PV modules with the utilized inverter topology needs a modular inverter to
increase the system’s flexibility and optimize it for further extension in the future [8]. Furthermore,
increasing the battery systems at the current utility grids, especially the advanced Electric Vehicles
(EVs) and charging/discharging stations, put a new direction by optimizing DC-AC inverters with bi-
directional power competence [11], [12]. Traditionally, a DC-DC boost converter or isolated DCDC
converters such as flyback, Cuk, and SEPIC converters were added to traditional VSI to step up the low
DC input voltage and generate a buck-boost inverter.

Isolated and non-isolated high step-up converters are later utilized to achieve higher voltage from PV.
In Isolated converters, transformer is used to achieve high voltage gain. But leakage inductances, voltage
spikes across the switch and substantial switching losses degrades the efficiency of this converter [13,
14].
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When compared to the isolated converter, the non-isolated converter has a simpler structure and
cheaper cost. But it also suffers from same drawbacks as that of isolated converters. Many strategies
such as VM cells [15], switched capacitors [16-18], switched inductors [19], and connected inductor
(C1) [20, 21] have been incorporated with traditional converters to boost its voltage gain.

High conversion ratios are possible using Switched-Capacitor (SC) converters. However, the
converter has a low efficiency and providing a capacitor charging channel is difficult. When the
semiconductor switch is activated, a large pulsed current passes through the main switch and numerous
diodes, increasing current stress and conduction losses. To eliminate the diode recovery issue and limit
the peak current, a resonant inductor is coupled in the switched-capacitor converter [22, 23].

High output voltage gain can be achieved by using converters with a switched-inductor topology. The
switched-inductor-based converters make use of two inductors that are charged in parallel and
discharged in series. The switched-inductor converter, on the other hand, suffers from extreme voltage
stress across the semiconductor switch [24,25].By simply increasing the turns ratio of the converter's
connected inductors, a high DC gain can be produced.

A coupled inductor with a high turn’s ratio can cause leakage inductances. This results in substantial
power dissipation and low efficiency [26].

The leakage inductance energy can be recovered to solve this problem. By using a voltage clamp
circuit in CI based converters, good results can be achieved [27-29]. Furthermore, the active clamp
circuit may effectively solve the problem of leakage inductance; nevertheless, it is quite expensive
because it necessitates high-power switch drive circuits. As a result, the converter with a passive clamp
circuit for improved performance was demonstrated [30].

The implementation of clamp circuits in converter offers low voltage stress, energy recovery etc.,
Nevertheless, the converter has a large input ripple current, which leads to have problems with PV
MPPT. To override this, work proposed a SEPIC converter as intermediate converter for PV integration
with grid.

A schematic of the three-phase (3®) grid-connected PV system used in this research work is shown in
Figure 1.

Figure 1. Schematic of 3® grid connected PV system.

Il. OPERATION OF THE PROPOSED SYSTEM

The overall system was modeled, designed and implemented in MATLAB®/Simulink environment.
Solar PV array generates the direct current power when solar insolation incident on it. The output
voltage of solar PV array is boosted to the required level of inverter with the help of the SEPIC
converter as shown in the Fig. 1.

For maximum utilization of solar PV array, P&O algorithm is employed which generates the
switching pulse for IGBT used in SEPIC converter. P&O algorithm sense the voltage and current
produced by solar PV array and track the MPP on |-V characteristics on solar PV array. DC voltage
boosted by the SEPIC converter is fed to the inverter. Inverter is operating at the low switching
frequency of (1 kHz) to minimize the switching losses. To control the output voltage of inverter, SPWM
technique has been implemented.
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[11.DESIGN OF THE PROPOSED SYSTEM
The solar PV array of peak power Pmpp =2 kW under STC (STC=1000 W/m?, 25 °C) is taken for
feeding the power to the grid.soltech 1STH model is implemented in this work. Specifications of this
module are listed in the table |

Table 1.Specifications of PV panel

Parameters Values
Maximum Power | 250Watts
Voc 37.3
Vmp 30.7

Isc 8.66

Imp 8.15

A. Design of SEPIC Converter

Circuit diagram of the SEPIC converter is shown in Fig.3. Single Ended Primary Inductor Converter
(SEPIC) converter consists of a switch S with duty cycle , a diode, two inductors L1 and L2, two
capacitors C1 and C2 and a load resistor

L, c,
V., -

*

Vol —
- JH
—{ Switch

' G =R gvo.

Fig.3. Circuit diagram of the SEPIC converter
Analysis of operating modes of the proposed converter

|

(a) Switch ON condition

—

MELE:

(b) Switch OFF condition
Figure 4. Equivalent circuit diagram (Under switch is ON and OFF condition)

Figure 4 shows the circuit when the power switch is turned on and off (respectively in Figures a and
b). When the switch is turned on (Figure 4a), the first inductor is charged from the input voltage source
during this time. The second inductor takes energy from the first capacitor, and the output capacitor
provides the load current.

When the switch is turned on, the input inductor is charged from the source, and the second inductor
is charged from the first capacitor. No energy is supplied to the load capacitor during this time. Inductor
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current and capacitor voltage polarities are marked in this Figure. When the power switch is turned off,
the energy stored in inductor is transferred to .The energy stored in is transferred to through the diode
and supplying the energy to load, as shown in Figure 4b. The second inductor is also connected to the
load during this time. The output capacitor sees a pulse of current during the off time, making it
inherently noisier than a buck converter. The amount that the SEPIC converters increase or decrease the
voltage depends primarily on the duty cycle and the parasitic elements in the circuit.

Thus, the voltage gain of the circuit
Vo = =V, (1)
Selection of Inductor

While designing a Inductor, the inductor ripple current I has to be taken into consideration. Thus, it
can be calculated using a formula

A(L) = 30% x (’7”) )
_ _ VinX(D)
Li=L,=1/2x (—A(IL)x(fs)) 3)

Selection of Capacitor
Similarly, the output capacitor can be calculated using the formula
— Iout X(Dmax) (4)
LT aepx(fy)
Thus, the design limits of the components incorporated during simulation is tabulated in table 2.

Table 2. Design parameters of the proposed converters and their values

Parameter | Values
L1,L2 0.0017H
C1 4.5952¢-6
C2 500e-6
Vin 200

Vout 600

fs 100e3

B. Design of GWO MPPT Algorithm

To improve the PV system’s effciency and enhance the PV system’s performance, the MPPT
controller should be used by integration with a boost DC/DC converter. However, the oscillation and
lossof-power issues presented in the conventional MPPT techniques used in recent years make the
effciency of the PV system low. As a result, MPPT-based optimization is the best solution for these
issues, especially the GWO optimization method..
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Uipcinin

Figure 5. Flowchart of GWO topology

In the proposed grid associated PV system, the 3®- inverter interfaces the utility grid and PV system.
In this system, SPWM system is incorporated as PWM generator.
V.RESULTS AND DISCUSSION
In this section, the grid associated PV system is examined with the proposed converter.
Analysis under constant irradiance condition
In this mode, the designed PV array delivers 200Vat 1000 W/m? solar radiation.
Figure 6 illustrates the generated PV voltage current and power at constant 1000 W/m? solar radiation.

Cuarrent Voltage.,
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Figure 6. Output obtained from PV

From the above Graph, it is observed that the P &0 MPPT topology has the ability to track
maximum power from PV under constant irradiance. This, tracked voltage is boosted in to 600 V using a
proposed SEPIC converter. The output voltage waveforms of step-up converters were given in Figure 7.
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Figure 7. Converter output voltage

SEPIC converter opeation in this mode reduces the stress on power devices and other components.
The SEPIC converter can automatically adjusted according to the variation in the incident solar
insolation to optimize the overall performance of the solar PV array.

Voltage source inverter with SPWM integrates the PV with the Grid. Figure 8 shows the grid
voltage and inverter current being injected into the grid.

Voltage(V)

EEE SR SN

Time(sec)
Figure 8 .Output of the inverter

Thus, the overall performance of the proposed system id depicted in figure 9.
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Figure 9. Overall performance of the proposed system

While integrating RES with grid, the power quality measures play a major role. Thus, the harmonic
distortion has to be measured to ensure the efficiency of the system. Thus, from the figure 10, the THD
of the system was observed.
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Fundamental (50Hz) = 3.308 , THD= 6.55%
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Figure 10. THD analysis of the proposed system

From the THD analysis, it is seen that that the proposed system exhibits 6.55% of THD. Finally, from
all these, it is concluded that the suggested system can appropriately responds to all variations in load
with improved power quality performance.

V1. CONCLUSION

The aim of this work was to analyze the operation of solar based inverter interacted with SEPIC
converter for connection to the grid. It was observed that the THD was very minimal and follows the
IEEE standard. The proposed system was feeding power to the grid at unity power factor and the power
factor can be controlled according to the requirement of exchange of reactive power. Hence, this system
can be implemented in countries where the availability of solar energy is huge. Further, more to maintain
a constant voltage level at the inverter side, a controller can be implemented in inverter.
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