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ABSTRACT:

This paper focuses on the hybridization of two renewable energy sources (i.e., PV Panel and Bi-Cycle Dynamo) and
the use of a Multi-Input SEPIC converter for highly efficient output from them. This paper has also presented the
comparative assessment between the conventional Single-Input Single Output SEPIC (Single Ended Primary Inductor
Converter) and Multi-Input SEPIC converter based on performance analysis. Both the Multi-Input SEPIC that is
designed in this literature powered by the hybrid architecture of power sources and the Single-Input SEPIC are run in
boost mode. The project is mainly developed with a view to facilitating the isolated rural islands and regions detached
from the on-grid connections. The findings and assessments of this study are corroborated by the MATLAB/Simulink
simulation results and optimally designed prototype built for miniature applications. The Multi-Input SEPIC topology
has been developed in such a way that it is functional with an input voltage of 12.1V exactly and gives an output
voltage of DC 53V approximately at the output terminal. To get the maximum voltage at the output from the designed
circuit, the duty cycle of the converter recorded is almost 81.49%. The renewable energy sources (RES) that are used
to build the prototype are Photovoltaic Panel and Bi-Cycle Dynamo. Due to the limitations of the PV Panels to generate
power during the night and gloomy weather, the Bi-Cycle dynamo works as the backup power source. In performing
the hardware and software analyses, various intermittent situations, solar irradiation, seasonal change, day-night
phase, and other parameters are taken into consideration on the input terminal of the converter. An efficiency of 91.6%
is obtained from the proposed hardware field-test analysis.

KEYWORDS: SEPIC Converter, Hybrid Renewable Energy Sources, Voltage Optimization, Rural Insular Area, Bi-
cycle Dynamo, Solar Energy, Off-Grid Solution.

1. INTRODUCTION

Global warming, rising fuel costs, and geopolitical tensions worldwide are fueling the popularity of renewable energy
and production from decentralized renewable energy sources like bi-cycle pedal dynamo getting the favorable trend.
Renewable energy is earning trust through its contribution to meeting the demand for energy without deteriorating
environmental conditions [1]. As a developing nation, Bangladesh is facing a higher demand for energy compared to its
production and countrywide, the on-grid electricity supply is not available to the rural population. In these circumstances,
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decentralized RES (Renewable Energy Source) can mitigate the energy crunch in rural areas. According to its
geographical position, Bangladesh is situated in a very suitable location for extracting solar power and currently, the
government has focused on this sector which will definitely alleviate the demand pressure on the national grid of the
country [2]. As per the Sustainable and Renewable Energy Development Authority (SREDA) of Bangladesh, the amount
of solar electricity installed off-grid as of 2021 will be close to 346.19 MW. While the on-grid solar power capacity is
close to 136.6 MW, a total of 482.79 Megawatts of solar energy has been installed nationwide [3].

The establishment of microgrids by the government to provide electricity to isolated rural residents has gotten simpler
as renewable energy gains favor in the nation. However, because they depend so heavily on variables like weather,
climate, timeframe, temperature, and geographical position renewable energy sources are particularly unpredictable in
terms of electricity delivery [4]. This phenomenon has led researchers to mix up more than one RES to increase the
efficiency of a system. To offset the very stochastic behavior of the RES, several renewable energy sources can be added
up to get better performance and make the system more and more acceptable [5]. In this case, a bi-cycle mounted dynamo
can be a viable solution as a backup source apart from the photovoltaic modules.

In a hybrid topology, adding a bicycle with a dynamo in addition to the PV module has shown to be a significant
solution, especially for underprivileged rural residents. Rural people use bi-cycles as the fundamental mode of
transportation very much and so, managing a bi-cycle to convert it into a power generation machine may not be a tough
task for them. This solution is also cheaper and economically viable in terms of the cost of the other available RES. It is
proven that a healthy male can generate 150 Watts of power by continuously pedaling [6]. Most importantly, unlike the
photovoltaic modules, the bi-cycle dynamo doesn’t depend on weather and temperature at all. And, it becomes a
significant advantage for incorporating the bi-cycle mounted generator with PV panels for better outcomes. Bicycle
dynamo turns mechanical energies into electrical ones. The addition of a bi-cycle dynamo therefore can be a cheaper
solution as a support source for the solar panels in a system.

Power electronics DC-DC converters become a crucial part of a renewable energy system as energy generated from
the RES has a very low-level voltage that needs to be stepped up before supplying to the demand side. Especially, the
PV panels supply a low voltage at the output terminal which is not sufficient for the loads [7]. So, it is a must to raise to
grid voltage level before injecting the power of the photovoltaics [8]. The DC-DC converter that has been deployed
between the photovoltaics and the loads should have a high voltage conversion gain. It may be hypothesized that an
enormous number of solar panels can be connected in series connections to produce a high output voltage, eliminating
the requirement for high-gain DC-DC converters. In that case, there will be a new complication for the overall system,
for example, partial shadowing [9]. Moreover, a system’s efficiency is very much interconnected with the choice of
appropriate converters [10]. Also, a higher voltage gain from the output of the converters can reduce the system’s power
loss very much. Therefore, because of the low output voltage of the RES such as photovoltaic arrays and fuel cells, the
main concern in renewable grid-connected energy applications is to obtain high step-up and high-efficiency DC-DC
converters [11].

Conventional DC-DC converters can be utilized in the RES but they have some limitations as their voltage conversion
gains need to be improved for accurate utilization in renewable energy applications. Though they can achieve high gains
at the output because of the higher duty cycle in the switching port of the converters, their performance drops by a
significant amount [12]. To facilitate multiple renewable energy sources through a single piece of converter circuit, a
Multi-Input converter (MIC) can be a better option than using single conventional converters separately. MIC, a
centralized controller, and straightforward energy management strategies reduce the degree of complexity and the
dimension of static converters [13]. By reducing the total number of system components, the multiport converter will
also increase operating flexibility [14]. Also, compared to typical solutions that use several single converters for Multi-
Input systems, this offers the most economical operation and enhances the system's functionality and efficiency by using
less power [15]. On the other hand, SEPIC converters are included in the Buck-Boost converter family which are able
to both step up or down the input voltage. The duty cycle of the controller transistor (i.e., MOSFET or IGBT) manages
the output voltage of the SEPIC converter [16]. Moreover, the voltage at the output terminal is in the same polarity
similar to the input, and a Multi-Input SEPIC will have the same basic advantages as a Single Input one [17]. A high-
voltage gain may be produced by a quadratic SEPIC converter with a continuous input current for use in microgrids’
renewable applications [18].

On the integration of hybrid renewable energy sources into the input port, numerous research studies have been
conducted on Multi-Input converters. Anuradha et al., in their paper, proposed and designed a three-port Multi-Input
SEPIC converter for adding multiple RES simultaneously. According to their study, a Multi-Input technology can
eventually increase the typical DC-DC converters’ efficiency. They proposed both uni-directional and bi-directional
converters in their study [19]. Zhao demonstrated an industry-standard SEPIC design that was transformed into a
Multiple-Input DC-DC converter where a single DC main bus can accommodate multiple scattered generating sources
[20]. In Sangalad’s work, the SEPIC converter with two inputs was described. As per him, a double-input SEPIC is
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capable of reducing expenses and loss instead of two different converters with single-input configurations for various
power sources [21]. Based on the Multi-Input SEPIC converter, Mohanty's test demonstrated that a battery can be added
to the output terminal. Because of its buck-boost capability, the SEPIC converter can both charge and discharge an
energy storage device [22]. There isn't a single topology that can satisfy all of the requirements for cost, durability,
adaptability, productivity, and versatility like the Multi-Input Single Output converters according to the research of
Rehman on Multi-Input DC-DC converters [23]. Utilizing a new Multi-Input converter architecture that can combine
diverse power sources with various voltage-current characteristics was described in Khaligh’s works [24]. In their
literature, Wu et al. examined many multiport converter designs with a DC link inductor [25]. Wang proposed a double-
input Buck-Boost converter with a coupled inductor. He used wind turbines and photovoltaics as power sources and fuel
cells as energy storage devices [26]. Patra et al. in their paper proposed a Single Input Multi Output converter technology.
Simultaneously, their converter generated boost, buck and inverter output. Though their topology can integrate n number
of loads at the output, it can only facilitate a single input which is impractical for the mixture of renewable energy
sources [27]. Reference [28] exhibited a MIC system based on a non-isolated double-boost converter appropriate for the
hybridization of RES which also can handle bi-directional power flow at the storage batteries. Moreover, lacking the
transformers the converter is capable of operating perfectly, allowing the input of clean energy sources to function
independently. Reference [29] addressed in the literature of Multiple Input Multi Level Output (MIMLO) converters
that the result of the experiment manifested that the converter with Multi-Input voltage has a great rate of conversion
and excellent productivity with fewer components. Reduction in the number of converters led to the cheaper cost of
building a system by incorporating DC-DC MIC for hybrid RES in reference [30]. Moury et al. in their paper described
a novel technique for MIC with a quasi-resonant soft-switch system. The system also integrated power factor correction
techniques for hybrid RES [31]. Deihimi in his research work presented a Step-Up DC-DC MIC. The design confirmed
efficient voltage gains by increasing the number of input sources of voltage and low output voltage ripple by
experimental analysis [32].

In this article, the Multi-Input topology of the SEPIC converter has been proposed and developed to integrate multiple
renewable energy sources before supplying power to the loads. The primary agenda of this research is to build an energy
production system suitable for rural insular off-grid islands and areas. To make a system financially viable and more
efficient, more than one RES needs to be added up. To make the hybridization of renewable sources, a photovoltaic
module along with a bi-cycle dynamo has been deployed simultaneously. Both of the sources are made sure that they
are supplying a constant of 12V at the input terminal of the modified converter. Additionally, a comparative analysis is
also presented between the Single-Input SEPIC and the proposed Multi-Input Single SEPIC converter. The proposed
converter is designed such that it can accept n number of sources if required with further modification. The operability
of the proposed design is analyzed and assessed using MATLAB/Simulink software and in addition to that, a hardware
system as prototype is built to justify the feasibility of the system. Software data such as total power output, input power
from RES, load voltage etcetera is shown. The test results uphold the Multi-Input SEPIC converter’s superiority over
conventional Single-Input SEPIC converters.

The information in the literature has been divided into sections where different facets of the topics have been
explored. In Section 2, the methodology contains details on the overall proposed system. Furthermore, subsection 2.1
discusses the practical hardware prototype for field test purposes. Subsection 2.2 shows a brief discussion on a special
circuit that is used in this project named “Reverse Voltage Polarity Protection Circuit”. Subsection 2.3 and subsection
2.4 manifest the hardware part related to the Single-Input conventional DC-DC SEPIC converter and key elements to
build up the system respectively. Section 3 covers a brief theoretical discussion on both Single-Input and Multi-Input
SEPIC converters. The software simulation part is discussed in section 4 which includes the circuit block in
MATLAB/Simulink software. Next, the results and analysis information for both the software and hardware analyses
are all contained in section 5. Finally, the conclusion of the literature is summed up in section 6.

2. METHODOLOGY

This research proposes a system that will mitigate the energy demand of the rural poor people living in off-grid regions
in a sustainable manner. Additionally, this research also aims to reduce the pressure on electricity generation from fossil
fuel sources. The practicability of the proposed design is analyzed through software simulation data and a small-scale
prototype. Solar PV module is supported by power generated from bi-cycle dynamo as a secondary source of this
proposed approach. In addition, a Multi-Input SEPIC converter is added for a more efficient power supply to the load
port. Power from photovoltaic panels depends on the irradiation and temperature on the panel's surface and the charge
controller device is deployed for a constant output at the load terminal. A controller circuit is also added with the bi-
cycle dynamo to ensure constant voltage supply from that source as supply from this source is highly fluctuating in
nature depending on the speed of the pedaling. Fig. 1 displays the streamlined structure of the proposed design.
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Bi-Cycie Dynamo PID Controller
Fig. 1. Generalized Layout of the Proposed Structure

The photovoltaic-based bi-cycle dynamo is added using a modified Multi-Input SEPIC converter. The proposed
hybridization has taken place to reduce the effect of the stochastic constraints of the solar modules. The modified Multi-
Input proposed converter of this literature can allow n number of sources at the input terminal though only two sources
are connected in this research. The generalized architecture of the Multi-Input SEPIC converter is manifested in Fig. 2.
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Fig. 2. Generalized Architecture of the Multi-Input (n-port) SEPIC Converter [19].

The suggested system setup demonstrates that by connecting or disconnecting the additional voltage sources, the
number of input terminals may be altered even more. The Multi-Input DC-DC SEPIC converter in this study is
constructed with four ports in total. Among them, two are the input terminal, one is for the energy storage terminal and
another one is the load terminal.

2.1. Complete Project Prototype

In Fig. 3 the entire project prototype built for the field test is displayed. The primary source of the hardware prototype
is a PV panel and the secondary source is the bi-cycle where a hub dynamo is mounted at the rear side of the cycle. By
altering the rear tire and affixing a belt to it, the dynamo pulley can be driven by pedaling. There is a chassis made of
iron installed to support the dynamo and stop giggling while pedaling. The voltage at the output terminal of the secondary
source is linked to the controller to ensure a constant value to the converter. The conversion of mechanical energy into
electrical power is the main mechanism by which the bicycle dynamo produces power. The primary supply source for
this arrangement is the 12V-10W solar panel. An indicator circuit with embedded LEDs is used to detect the irradiation
level of the solar panel. The modified Multi-Input SEPIC converter is placed between the sources and the load (a
spotlight). The function of the potentiometer in the above scenario is to regulate the converter's duty cycle and the
Arduino board delivers the duty cycle for the switching element (MOSFET) of the converter.

e o

Fig. 3. iI—Test Prtotype of the Proposed Sysem.
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2.2. Reverse Voltage Polarity Protection Circuit

During the implementation of the hybrid RES using the MIC, a Reverse Voltage Polarity Protection Circuit is used,
which can also be called a safety-protection circuit. This safety protection circuit is built using four diodes of the IN4007
model to safeguard from the reverse polarity issue from the secondary source of the bicycle dynamo. This circuit will
work as a rectifier and the main benefit of designing this circuit is that it will rectify the bicycle dynamo output voltage's
reverse polarity. Fig. 4 and Fig. 5 present the conceptual and actual circuit that is used in this project respectively.

Vout+

o

Vin Vin

™
>

GND

Fig. 4. Conceptual Circuit Model of the Reverse Polarity Protection System

Fig. 5. Circuit of the Reverse Polarity Protection System in the Prototype

2.3. Conventional Single Input SEPIC Converter

In terms of performance, the comparison between the Multi-Input SEPIC converter and the Single-Input SEPIC
converter, a conventional DC-DC SEPIC converter is also built. Hardware implementation and performance analysis
give a clear view of the advantages of Multi-Input converters over single-input. Fig. 6 illustrates the Single-Input SEPIC
converter prototype of this project.
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Fig. 6. Field-Test Prototype of the Single-Input SEPIC Converter.

The purpose of the Arduino board in this circuit is to produce a duty cycle that will be passed to the MOSFET for
switching. A potentiometer is also used in the board to control the duty cycle generated by the microcontroller circuit.
First, a SEPIC-based Single-Input topology is developed to understand the effectiveness of the SEPIC topology better.
Afterward, the outcome is contrasted with that of the Multi-Input configuration. Later on, the hybrid RES, solar panel,
and bi-cycle dynamo are added to the Multi-Input Converter (MIC) topology.

2.4. Key Components for Designing the Converter Circuits

In this project, both single and multiple input topologies of the DC-DC SEPIC converters have been built for
comparative analysis. Elements used in the converter can influence the efficiency by many times. Table 1 presents the
elements list that is used in the converter circuits [1].

Table 1. Converter Components List.

Components Single-Input SEPIC Converter Multi-Input SEPIC Converter
T N Channel, 60V, 0.01 Q,
Switching MOSFET STP55NF06 50A to 220/T0-220 Fp
L. = Handmade Iron Core Coil, L, = Ferric- L1 = L, (Handmade Iron Core Coil): L
Inductor Core/Double _ ‘
= Ferric-Core/Double E-core Flyback
E-core Flyback
. C1=C; (Electrolytic C1 = Cy, C (Electrolytic
Capacitor Capacitor) Capacitor)
Microcontroller Arduino UNO Arduino Pro Mini
Diode SR540 Schottky Diode ZRB582
Battery Lead Acid, 12V 7.5 Ah
AC220V-to-DC12V 2A Solar Photovoltaic
Source Switching Power Module & Bicycle
Supply module Dynamo

During the implementation of the hardware segments, the inductors L; and L, are used as handmade coil elements.
For a better comparison, for both of the converters' designs, the same uniform voltage of 12.1 is used. For the duty cycle
generator, Arduino ProMini is used with a generating frequency of 32000 Hz. This duty cycle switches the MOSFET
for both of the topologies. In the suggested system, a 3 Amp Schottky diode has been included, along with two
MOSFETSs, and an N-P-N transistor. The N-P-N transistor functioned as the gate GDC (Gate Driver Circuit).
Furthermore, this circuit makes use of big coils to control the ripple effect.

3. BRIEF OVERVIEW OF THE SINGLE-INPUT AND MULTI-INPUT SEPIC CONVERTERS

OF THE SYSTEM

Voltage converters of the DC-DC form are widely employed in plenty of fields [14]. DC-DC converter circuits are
highly used due to the low input voltage from the renewables and to accommodate the widely variable load demand.
The most popular converter topologies are the Buck, Boost, Buck-Boost, Cuk, and SEPIC converters [34]. Among the
topologies, SEPIC offers an output voltage lower, the same, or higher than the input ones. The duty cycle of the control
transistor mainly regulates the output voltage of the SEPIC i.e., MOSFET [35].
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3.1. Single-Input SEPIC Converter

Conventional Single-Input SEPIC converters can only have a single voltage source connected to the input terminal.
To compare with the modified Multi-Input SEPIC converter in this project, a standard SEPIC converter is also
constructed and examined. Fig. 7 shows the conventional SEPIC converter circuit diagram with a single input source.

L
o,

LT L L
wn () o iz
o I A

Fig. 7. Conventional Single-Input SEPIC Converter [36]

To convert voltage and current the above-shown SEPIC topology operates similarly to the other converter topologies
by swapping energy among the capacitors and inductors continuously. Switching circuits i.e., MOSFET control the
power and energy flow in the topology. The converter must be in a Continuous Conduction Mode (CCM), where the
current through the inductors never drops to nil, to ensure voltage gain. For that, the values of the inductor must be set
accordingly. The converter has two operational modes such as S is opened and S; is closed. When switch Sy is opened,
the source voltage starts to charge the C; capacitor through L. The diode D is activated as a result of the inductor L,
changing polarity to resist the change in the current direction. The inductor L, discharges via the output capacitor as
well as through the load. At the time, when S is closed, the path through the switch is shorted. The L; is charged by the
source voltage and C; is discharged through inductor L. The following equations can be utilized to design the Single-
Input SEPIC converter by finding the appropriate parameters [36].

Yo

Duty Cycle,D = v (€D)]
Inductor, L = —22 )
fAIL1
VoD
Capacitor,C = —o— 3
14 R f(AK((;'I) 3)

Here, for this project, both the inductors and the capacitors are kept equal for designing the Single-Input SEPIC
converter. V, and Vi, stand for output voltage and input voltage respectively. f stands for the switching frequency of the
MOSFET and R denotes the load resistor. iL; and VC; mean the ripple current through the inductor and output ripple
voltage respectively.

3.2. Multi-Input SEPIC Converter

A streamlined circuit architecture of the suggested topology is displayed in Fig. 8. The following circuit can take n
number of input voltage renewable energy sources and another one is for an energy storage device to store power
generated by the RES. The suggested design configuration has the capability of increasing or decreasing the number of
input ports even further by connecting or detaching the sources. Essentially, a Multi-Input converter circuit topology
combines several voltage sources in the input terminal with different levels of voltage and transmits a single output
voltage to the loads connected to the output port [37].

S3
P r e T — +
cnL c1 _L 02% +C2
L T |
n
o i !
L::. | “:,* Saceage 3 C= leg Viese
YOI o 1D )

Fig. 8. Streamlined Diagram of Multi-Input SEPIC Converter [19]
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Primarily, it works in both directions as the DC-DC converter enables the batteries to be charged by the RES and also
it can be discharged when the RES cannot generate enough power to run the loads. The converter can be operated in
two modes such as when the RES generates enough power and charges the batteries and when the RES option is not
available allowing the batteries to discharge. The converter will only operate in a single direction if the battery voltage
is higher than the voltage produced by the RES. In this case, the following is the equation of the relationship between
the output voltage and duty cycle,

_ D2E+(D1—D3)Vy
Y, = ReEHOi0t @

On the other hand, when the sources generate enough voltage, it will simultaneously supply to the loads and charge
the energy storage device which will enable the converter to work as bi-directional. Here, the relationship between the
output voltage and duty cycle is,

— DiVi+(A-DY)1-E)
Vo = 1, (%)

Here, the duty cycle of switches 1 and 2 is denoted by D, and D respectively. V; stands for RES and E is the energy
storage device. In this project, duty cycles are set to ensure the boost mode operation of the modified DC-DC converter.
Moreover, the shape of the input inductors and capacitors as well as the size of the output LC filter considered to be the
crucial design factors for this circuit modeling.

4. SOFTWARE SIMULATION

The feasibility and practicability of the system are ascertained by the Simulink software. In simulation software, a
comparable Simulink model can represent the real system. As it is known that, in real-case scenarios, temperature and
irradiation from the sun don’t remain constant and so, variable data of temperature and irradiation are given into the PV
module during the software simulation. The abovementioned variable data are collected from SWERA and for worst-
case scenarios, data from winter is taken into consideration during simulation since during winter we get less energy
from the Sun [33]. These (SWERA) data represent the annual average daily solar irradiation of Bangladesh. Fig. 9
depicts the proposed system in the MATLAB/Simulink software environment.

Batwry
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Fig. 9. Suggested Design in MATLAB/Simulink Software.

A modified Multi-Input SEPIC converter in the above diagram is presented in Simulink for practicability checking.
The two sources connected to the converter are the photovoltaic module and the bi-cycle dynamo. The bi-cycle dynamo
of the real system is replaced by a comparable DC machine here for the simulation purpose along with a controller
circuit for stable output from the dynamo. The speed of the DC machine is input as rad/s unit. The outputs of the two
sources are then passed to the load through the modified SEPIC converter. A storage device or battery is placed for the
time when both of the input sources will be out of operation. The battery controller circuit in this simulation maintains
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and controls the charging and discharging phenomena of the storage element. As mentioned earlier, variable irradiance
and temperature values are fed into the solar module based on SWERA data for the winter season as Bangladesh receives
the lowest solar energy at that particular time every year. Fig. 10 and Fig. 11 display the varying irradiance and

temperature values during simulation respectively.

Fig. 9. Varying Solar Irradiance Values During Simulation (Hours in 24 Format)

Goton [Dngraet va Tane (Hprn

—— Towym shoe

Fig. 11. Varying Temperature Values During Simulation (Hours in 24 Format)

5. RESULTS AND FINDINGS

In this project, the result analysis part is totally segmented into two portions. The first part stands for the study of the
software results, and the second part is for the analysis of the results obtained from the hardware prototype. Software
analysis is done on the results obtained from MATLAB/Simulink. The hardware analysis part shows a comparative
study based on the operability assessment of the Multi-Input and Single-Input DC-DC SEPIC converter.

5.1. Software Result Analysis

As a part of this project, the Multi-Input SEPIC converter’s functionality is assessed using MATLAB/Simulink
software to examine the system’s feasibility. This section describes the findings of the simulation of the Multi-Input
SEPIC converter. Table 2 exhibits the values of the components and key parameters during the design of the converter

in the software [1].

Table 2. Software Simulation Parameters of the Multi-Input SEPIC Converter.

Parameters Values

L 336 uH

L, 100 pH

C: 504 uF

C, 100 pF

C 504 uF

L 336 uH

Load 25Q

Switching Frequency 32 kHz
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Software analysis is conducted for the winter season as a worst-case scenario. Usually, in winter, solar irradiance is
much lesser compared to the summer season since Bangladesh receives less amount of solar energy in the winter season,
especially in the months of December and January. So, the PV module will generate reduced power in that time. The
simulation is performed based on small-scale applications to check the feasibility of implementing them on a large scale.
Fig. 12 elucidates the output voltage and power of the photovoltaic module that is used in the simulation.

Fig. 12. PV Module Output Voltage and Power (Hours in 24 Format).

Due to the daily variable solar radiation and temperature data given to the photovoltaic utilizing SWERA, the output
voltage also varies according to that. During the winter the sun sets early in this part of the world and so, the solar panel
gives a significant amount of voltage at noon. Otherwise, it gives a negligible amount of voltage. The output power
graph of the photovoltaic module also follows the footsteps of the previous voltage graph. During the sun hour, it
generates power and apart from that time, the output power becomes almost zero. At the peak hour, output power almost
reaches 87 Watts from the solar panels. Fig. 13 refers to the output voltage and power from the bi-cycle dynamo.

Fig. 13. Bi-cycle Dynamo Output Voltage and Power (Hours in 24 Format).

The output voltage and power generated by the bi-cycle dynamo are independent of time and weather which means
the output parameters are available throughout the day in all weather conditions. The output power from the bi-cycle
dynamo remains almost constant throughout the simulation and it fluctuates continuously between 22Watt to 24Watt.
Fig. 14 displays the total output voltage from the output terminal of the Multi-Input SEPIC converter.
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Fig. 14. Total Output Voltage of the Multi-Input DC-DC SEPIC Converter (Hours in 24 Format).

The output voltage is increased to 55V at the output port of the DC-DC converter at the peak of solar irradiance which
is approximately 230% higher than the aggregate of the double input voltage sources. During the nighttime, the output
voltage from the system remains constant at 18V almost. The total output power of the Multi-Input converter is
demonstrated in Fig. 15.

Fig. 15. Total Output Power of the Multi-Input DC-DC SEPIC Converter (Hours in 24 Format).

The total output power from the modified converter reaches 120 Watts approximately at the peak. This power will
simultaneously be supplied to the loads and utilized to charge the batteries. When both of the sources are out of order,
the energy storage device will be discharged by supplying power to the load terminal.

5.2. Hardware Analysis

In the hardware analysis segment of the project, the Single-Input and Multi-Input SEPIC converters’ performance is
evaluated. Firstly, the diagram of the relation between voltage gain and duty cycle for both converters' topologies is
presented. In this study, the converters are operated in boost mode, so the duty cycle is never set below 50%. Fig. 16
exhibits the gain of the voltage of the converters of this study.

Vetage Som

Fig. 16. Voltage Gain of the Converters Varies with Duty Cycle.

The accompanying figure demonstrates that the Multi-Input converter exhibits a higher voltage gain at higher duty
cycle levels (0.8 <). At the peak, the Multi-Input converter shows a voltage gain of 5.6 when the duty cycle is set to
85%. In fact, for both of the converters, voltage gain increases exponentially. The efficiency and duty cycle of the
proposed converters have been illustrated in Fig. 17.
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Fig. 17. Efficiency of the Converters with Duty Cycle

In terms of efficiency, the Multi-Input converter outplays the Single-Input converter by a great margin. For each of
the adjusted duty cycles, the Multi-Input converter shows greater efficiency. This converter manifests an efficiency of
91.6% approximately while the duty cycle is set to nearly 85%. However, the Single-Input converter performs poorly
compared to the Multi-Input one. One of the reasons behind having the higher efficiency rate for the multi-input
converter is, that the components used in designing the multi-input converter for the same performance that can be
achievable by multiple single-input converter is lower. And, a lower number of components means that the heat
dissipation is also reduced. So, making a system with more than one renewable energy source with multiple single-input
converters will cost more in terms of both financial and efficiency.

6. CONCLUSION

This literature suggests a modified Multi-Input DC-DC SEPIC converter and both software simulation and hardware
analysis have been utilized to extensively evaluate how the suggested converter functions. For hardware and software
analysis, a PV module and bi-cycle dynamo are used as the power sources for the modified DC-DC SEPIC converter.
This study also determines the characteristics and features of hybrid renewable energy sources (RES) integrated through
a single piece of converter topology. By comparing the performance with the conventional Single-Input DC-DC
converter, therefore safe to say that the proposed Multi-Input converter shows better performance to integrating multiple
energy sources with better efficiency and performance results. By evaluating and verifying the actual findings, it can be
confirmed that the theoretical analyses, design concepts, and specific processes are accurate. The advantages of the
suggested topology make it a suitable converter for systems that produce power from clean energy sources. Due to the
perfect geographical position to utilize solar power efficiently and considering the fact of energy security for the poor
rural people of the country, this project can be proven to be a savior. The implementation of this converter along with
the hybridization of renewable energy sources can offer a sustainable solution for people living in off-grid areas.
Hybridization of renewable energy sources allows for reducing dependency on the highly stochastic nature of the sources
and by adopting the Multi-Input DC-DC SEPIC converter, efficient energy supply to the loads can be ensured.
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