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Multi Input SEPIC Converter based Grid
Connected Hybrid Energy System

A. Darcy Gnana Jegha* M.S.P. Subathra* and K.S. Kavin**

Abstract : Renewable energy sources plays a vital role for sustainable energy resources. These renewable
energy resources should provide constant power to the load according to the load requirement. This paper
proposes a renewable hybrid solar and fuel cell energy system fed single phase three level inverter. The
hybrid energy system is the combination of group of fuel cells and solar panels. The green energy is generated
from the photovoltaic panel and the chemical energy is converted into electrical energy by fuel cells. The
generated voltages are filtered and boosted by Single Ended Primary Inductor converter. The SEPIC converter
provides constant DC voltage to the single phase three level inverter. The fuzzy logic control based maximum
power point tracking algorithm is used to extract the maximum power from the hybrid energy system. The
Pl controller makes the inverter output voltage equal to the grid voltage. The results are verified through
MATLAB/SIMULINK.
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1. INTRODUCTION

The renewable energy resources are naturally available and environmentally pollution less sources. A
hybrid energy system is the combination of two or more very good naturally optional renewable energy
sources. These hybrid energy resources are becoming easily available in remote areas. In hybrid distribution
generation systems individual converters are used for each source.SEPIC converter is used for Maximum
power point tracking (MPPT) from PV panel and boost converter from PMSG in [1]. Instead of having
separate converters for each source combined DC-DC converter is used in [11]. The combined multi input
converter stage allows maximum power point tracking from the wind and sun when it is available in
[3].In [19,20], CUK-SEPIC converter will filter out high frequency harmonics and perturb and observe
algorithm for MPPT. High efficiency buck type DC-DC converter and a microcontroller based control unit
running the MPPT, give high reliability, lower complexity, less mechanical stress of the WG in [6, 10, 16].
To reduce harmonics LCL filter is provided at the front end rectifier in [13,21].Without using additional
filters, to reduce high frequency harmonics in the wind/solar hybrid system TCSC and SEPIC converter
is used in [18].Moreover, fuzzy logic controller can control the duty cycle of the converter switch, so
that maximum power is extracted from solar array [17].Fuzzy logic based effective energy management
controller controls hybrid power system to have an uninterrupted power ,minimizing usage of diesel,
effective utilization of sources to improve life time of battery in [2,9]. For minimizing the usage of diesel
generator fuzzy logic controller is adapted which gives an uninterrupted power with pollution free green
energy system in [15]. To obtain minimum value of maximum output voltage ripple (MOVR), minimum
value of equivalent inductance and capacitance calculated in [6].To share the power effectively to meet
the load demand fuel cell is added with solar photovoltaic array [4,7,14]. The voltage THD is reduced to
3.5% for solar mini grid AC power system [12].
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In this paper the photovoltaic system and fuel cells are combined to form the hybrid energy system.
The solar energy is present throughout the day but radiation levels will vary due to intensity, clouds
and trees. The fuel cells provide constant power throughout the time from the various chemicals. The
combined power sources makes the system efficiency too high.

When the sources are unavailable or very less when meeting the load demands it requires another
power source. In this paper the SEPIC converter makes the constant power to the inverter. This Single
ended primary inductor converter is the DC-DC converter which works as the second order filter that
reduces the ripples from the hybrid energy sources and also the boost inductances will store the energy.
This second order filter makes the double frequency suppression in the DC source. The boost converter
can able to do these function but in this boost converter the boost ratio is less, at the same time the energy
stored in the inductance is very less compared to the SEPIC converter.

The load requires AC voltage so the next step is to convert DC voltage into AC voltage. In these three
level inverter, the total harmonics distortion level in the voltage and currents are high. The PI controller
and LC filter makes the three level voltage into sinusoidal output voltage, this voltage is connected to the
grid. This PI controller compensates the reactive power and provides sufficient active power to the grid.
For this it is very important to use MPPT algorithm in SEPIC converter.

As compared to previous MPPT algorithm like perturb & observe algorithm, incremental
conductance algorithm, hill climbing algorithm the proposed fuzzy logic algorithm extracts maximum
power from the hybrid energy system.

2. SEPIC CONVERTER

Single-ended primary-inductor converter (SEPIC) is a type of chopper that has two inductors L, & L.,
Capacitors C, & C,and diode D which will protect the source from back emf. Similar to the buck boost
converter it also has both buck and boost operation. The series inductor L, will provides continuous input
current, when the duty cycle is less than 0.5, it will works in discontinuous mode that means buck mode so
that the output voltage is less than input voltage. When the duty cycle is greater than 0.5, it is in continuous
mode that means boost mode. So that output voltage is greater than input voltage. The PWM pulse control
the output of the SEPIC converter. In this SEPIC converter the output voltage is non inverted so that it
overcomes the drawbacks of buck boost and cuk converter. The input power factor becomes unity due to
this continuous input current. The SEPIC converter have internal protection that has provided by the diode
D, so it does not require any snubber protection.
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s

Figure 1: Single Ended Primary Inductor Converter

3. HYBRID SYSTEM OPERATION

The block diagram shows the solar and fuel cell based hybrid energy system with SEPIC converter.
The output from the solar panel is directly connected to the SEPIC converter, fuel cell output are also
connected in parallel with the source from the solar energy. That means hybrid energy sources may be
connected in series or parallel. This multi input voltage is connected to the SEPIC converter, it will work
as a second order filter and reduce the ripple contents. The main advantage of the SEPIC converter is for
double frequency suppression effect in the DC voltage.
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Here the energy sources may provide supply to the SEPIC converter using both sources or individually.
The fuel cell energy is connected to the SEPIC converter through diode, this will protect the fuel cell from
the return current of the SEPIC converter. The inductor and capacitor in the SEPIC converter will store
the energy and this converter provide the continuous input current to the grid, so that reactive power has
reduced. This variable boosted DC output voltage is given to the three level inverter. The reference voltage
and currents are generated from the fuzzy logic algorithm and by MPPT PWM pulses has produced. This
pulses width has been automatically adjusted by fuzzy logic control technigue.

Fuzzy logic based maximum power point tracking method extracts the maximum power from the
hybrid energy sources, it will provide constant voltage to the inverter. The switching frequency of the
carrier signal that has used in the PWM technique is 10 KHz. The three level inverter has four devices S,,
S,, S, and S,. The switches S, & S, are turned ON for positive cycle, S3 & S4 are turned ON for negative
cycle. The mode of operation is 180 degree conduction mode. To avoid the short circuit problems four
micro seconds dead band has provided in the PWM pulses. The grid voltages and currents are taken to
calculate the real and reactive power. From this reactive power the comparator compares the actual and the
reference grid voltages and current. This error signal has fed to the PI controller, the controller produce the
reference sinusoidal signal that is compared with the carrier signal which has 10KHz switching frequency.
These PWM pulses are fed to the three level voltage source inverter. This inverter will give AC output
voltage to the grid.
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Figure 2: Hybrid energy system circuit diagram
The PI controller makes reactive power compensation, so that the power quality issues like sag, swell
and harmonics problem has reduced at point of common connection in the grid.
3.1. When low output voltage

The output voltage of the SEPIC converter can be lower than the input voltage. In this mode the duty cycle
is less than 0.5 that means the converter is in discontinuous mode. Slowly the inductor current L, comes
to zero. The capacitor voltage C, is lower than input voltage Vg.
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In this mode the current through the inductor L is
VO
= —(05-D)T
AlLL = o ( ) (1)

Where K is the winding constant.
D is the PWM duty cycle of the SEPIC converter.
T is the total time of the PWM pulse.

diLt
—r = (Vg+kvoy (1- ko)LL )
1.2

dT = — (VO +KVg)/(L - k)L2 3)

From the above equation the inductor current is decreasing. Therefore the SEPIC converter output
voltage will decrease. It is the buck mode.

3.2. Higher output voltage

In this mode the duty cycle is more than 0.5, it is the boost mode. Here the inductor current | and I , is
keeps on increasing.

WL Vg a-nL (4)
dt

d1L2

5 = Vo@-kL2 (5)

The capacitor voltage C, is equal to the input DC voltage Vg. The change in inductor current can be
expressed as,

VO
AlL1 = —((D-D)T
1 ( )
Due to this inductor current the output voltage becomes high.

4. MPPT ALGORITHM

To extract the maximum power from the solar array and fuel cell, and to track the changes due to
environment, maximum power point tracking should be implemented. The hill climbing MPPT method
involves moving the operating voltage by one step and then examining the change in generated power. If
the power increases, the operating point moves in the same direction; otherwise it moves in the opposite
direction. The power generated from a given PV module mainly depends on solar irradiance and temperature
for a system without MPPT, the voltage will quickly collapse to zero. A system with MPPT avoids the
voltage collapse by keeping the operating point near the Maximum Power Point. The advantages of MPPT
algorithm are robustness and it is easy to implement.

Fuzzy inference is the process of formulating mapping from a given input to an output using fuzzy
logic. The mapping provides a basis, from which decisions can be made or patterns discerned. The process
of fuzzy inference involves membership functions, fuzzy logic operators, and if-then rules. Two types of
fuzzy inference systems that can be implemented in the Fuzzy Logic Toolbox are,

* Mamdani type » Sugeno type
Mamdani type inference expects the output membership functionsto be fuzzy sets. After the aggregation
process, there is a fuzzy set for each output variable that needs defuzzification. It is possible, and in
many cases much more efficient, to use a single spike as the output member ship functions rather than a
distributed fuzzy set. This type of output is sometimes known as a singleton output membership function,



Multi Input SEPIC Converter based Grid Connected Hybrid Energy System 163

and it can be thought of as a pre-defuzzified fuzzy set. It enhances the efficiency of the defuzzification
process because it greatly simplifies the computation required by the general Mamdani method, which
finds the centroid of a two-dimensional function. Rather than integrating across the two-dimensional
function to find the centroid, we use the weighted average of a few data points. Sugeno-type systems
support this type of model. In general, Sugeno-type systems can be used to model any inference system in
which the output membership functions are either linear or constant.

4.1. Basic Fuzzy Algorithm

In a fuzzy controller as shown in figure 3, the control action is determined from the evaluation of a
simple linguist rules. The development of the rules requires a thorough understanding of the process to
be controlled but it does not require a mathematical model of the system. A fuzzy controller consists of
four stages: fuzzification, knowledge base, inference mechanisms, and defuzzification. The knowledge
base is composed of a data base and rule base, and is designed to obtain good dynamic response under
uncertainty in process parameters and external disturbance. The data base, consisting of input and output
membership functions, provides information for the appropriate fuzzification operations, the inference
mechanism, and defuzzification. The inference mechanism uses a collection of linguistic rules to convert
the input conditions into a fuzzified output. Finally, defuzzification is used to convert the fuzzy outputs
into control signals.

___________________________________________________________
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Figure 3: Schematic Diagram of FLC

In order to implement the control algorithm of a SAPF in closed loop, the optimum value of K gain
is calculated by a fuzzy inference system, which receives as inputs, the slope of D.C. average bus voltage
and D.C. voltage error. Both quantities (error and slope of DC voltage) are normalized by suitable values.
Thus, each range is between -1 and 1 normalized unity. Taking into account that the value of K is quite
near unity, we consider the range of the output weight membership function between 0.6 and 1.4.\We
have chosen to characterize this fuzzy controller by seven and five sets respectively for the error and
slope inputs. The output is defined by seven sets. The D.C. voltage error and the D.C. voltage slope is
normalized. The linguistic rules for the fuzzy logic controller are chosen, in most cases, depending only
on the D.C. voltage error. The fuzzy controller is characterized as follows:

The desired switching signals, according to output inverter currents to follow the reference ones, a
current control is made by fuzzy logic controller. The inputs variables for the necessary control action
of active filter are the error and the rate of change of error between the reference signal and the active
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filter output current. The current control method used is related to fuzzy controller based PWM current
controller. The switching signals are generated by means of comparing a carrier signal with the output
of the fuzzy controller. The error and the change of error are used as numerical variables from the real
system. To convert these numerical variables into linguist variables, the following seven fuzzy sets are
used: NL (Negative Large), NM (Negative Medium), NS (Negative Small), Z (zero), PS (Positive Small),
PM (positive medium) and PL (Positive Large).

/ Membership Function Editor: Untitled
|| File Edit View

I' FIS Variables Membership function plots  Plot points: ‘ 181

¥ 1

1rr f I m;‘2 mf3

inprt1 output1

0.5 1

1 I 1 LT 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Input variable “input1”

Current Variable Current Membership Function (click on MF to select)

Name inputt Name it |
Type input e trim v
i [[_0 - ! Params 04004 |
ooy ose 101 e | e |
Ready

Figure 4: Triangular generation using fuzzy control
Seven fuzzy sets for each input and output
Triangular membership functions for simplicity
Fuzzification using continuous universe of discourse
Implication using Mamdani type inference system
Defuzzification using weighted average method

4.2. Design of Control Rules

The fuzzy control rule design involves, rules that relate the input variables to the output model properties
as FLC is independent of the system model. The design is mainly based on the intuitive feeling for and
experience of the process.

The control rules are formed and the elements are determined based on the theory that, in the transient
state, large errors need coarse control, which requires coarse input / output, small errors need fine control,
which requires fine input / output variables. Based on this, the elements of the rule table are obtained from
an understanding of the filter behavior and modified by the simulation performance.
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The three level inverter will convert the DC voltage into AC voltage by sinusoidal PWM technique
with four micro second dead band. The carrier signal frequency is 10 KHz. The PI controller makes the
inverter output voltage as same as the grid voltage. Due to this the reactive power has compensated in the

grid. The SEPIC converter maximum duty cycle is 80%.

5. SIMULATION RESULTS

To verify the feasibility of the proposed strategy, simulations are carried out.
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Figure 5: Hybrid energy system Simulink diagram

The figure 5 shows the Matlab Simulink diagram including hybrid sources with SEPIC converter and
inverter.

From the solar and fuel cells the input voltage is75V, it is given to the DC to DC converter.

The figure 7 shows the PWM pulse to the SEPIC converter with duty cycle 75%. The fuzzy logic
algorithm maintains the width of the pulses.

The figure 8 shows the output voltage of the converter, with 75 volt input.

The figure 10 shows the grid output voltage from the voltage source inverter. The PI controller
compensate the reactive power.

The figure 11 shows the THD value, the SEPIC converter will reduce THD by providing constant
voltage to the inverter which is 2.95%.
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Figure 7: Gate pulse to SEPIC converter
6. CONCLUSIONS

In this paper, a hybrid renewable system based on solar and fuel cell energy system with SEPIC
converter fed single phase three level inverter has been implemented. The generated voltages are
filtered and boosted by Single Ended Primary Inductor converter. The SEPIC converter provides
constant DC voltage to the single phase three level inverter. The fuzzy logic control based maximum
power point tracking algorithm has been used to extract the maximum power from the hybrid energy
system. The PI controller makes the inverter output voltage equal to the grid voltage. This system has
lower operating cost and finds applications in remote area power generation, constant speed and variable
speed energy conversion systems and rural electrification. MATLAB/ SIMULINK software is used to
model the PV panel, fuel cell, DC-DC converters and the proposed hybrid system. The inverter output

voltage THD is 2.95%.
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Figure 8: Output voltage of the SEPIC converter
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Figure 11: Inverter output voltage THD result
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