MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal
ISSN: 1053-7899
Vol. 36 Issue 1, 2026, Pages: 3612-3616

DESIGN AND PERFORMANCE ANALYSIS OF A HIGH-GAIN DC-DC CONVERTER FOR RENEWABLE ENERGY

APPLICATIONS
Mr. Saravanakumar K, Assistant Professor Dr. Rajesh Kanna R, Associate Professor Vignesh S
Dept of Electrical and Electronics Engineering Dept of Electrical and Electronics Engineering Dept of Electrical and Electronics Engineering
Hindusthan College Of Engineering and Hindusthan College Of Engineering and Hindusthan College Of Engineering and
Technology, Coimbatore — 641032. Technology, Coimbatore — 641032. Technology, Coimbatore — 641032.
saravanakumar.eee@hicet.ac.in rickyrajesh0O1@gmail.com vigneshsaravananssp@gmail.com
Poovarasan P Mohamed Thoufeek T S Mugesh M
Dept of Electrical and Electronics Engineering Dept of Electrical and Electronics Engineering Dept of Electrical and Electronics Engineering
Hindusthan College Of Engineering and Hindusthan College Of Engineering and Hindusthan College Of Engineering and
Technology, Coimbatore — 641032. Technology, Coimbatore — 641032. Technology, Coimbatore — 641032.
poovarasanpoova223@gmail.com hameethou@gmail.com mukeshkaviya36@gmail.com

Abstract - This paper presents the design and analysis of a high gain DC-DC converter for renewable energy applications that require an efficient
conversion from low input voltage to high output voltages. Traditional boost converters do not perform well in contemporary energy systems
because they offer restricted voltage gain and experience high switching losses at large duty ratios. To address these limitations, the paper presents
and evaluates a high gain converter topology. Stable output voltage under different load/input conditions across a wide variety of operating points
is achieved by using PWM based closed loop control for the converter. The demonstration framework of the proposed system is developed, and
simulated examination analyses of voltage gain, efficiency analysis and stability are provided. The simulation results show that the proposed
converter provides higher voltage gain, lower switching stress and better efficiency than traditional Boost converters. Consequently, the
developed converter can be applied to photovoltaic systems, battery energy storage systems and sustainable energy technologies.

Keywords: High-gain DC-DC converter, Renewable energy systems, Boost converter, Pulsed width modulation (PWM), Power electronics
system, Voltage gain Photovoltaic systems.

I. INTRODUCTION

The ever-growing popularity for clean and truly sustainable energy is pushing forward the design and application of renewable-energy systems
such as photovoltaic (PV) panels, fuel cells, and battery storage systems. These energy sources usually provide low and time-varying DC voltages
that demand power electronics to meet the voltage specifications of electrical loads and grid-connected systems. High efficiency and reliability
of voltage up/down converters is a key factor in application with renewable energy.For this reason, the traditional boost converter has a simple
structure and is widely used in voltage step-up applications within various converter topologies. But at high voltage gain situations, boost
converters have some disadvantages. This results in high drive-effort, henceforth increasing switching losses and voltage stress which brings
down system efficiency. This limitation renders traditional converters less suited for contemporary renewable energy systems wherein high

voltage conversion and efficiency are paramount.
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Fig.1 Application of Proposed Energy Systems

High-gain DC-DC converter topologies have been introduced to mitigate these issues, providing an increased voltage conversion ratio while
eliminating the need for high duty cycles. This increases the energy conversion efficiency of this converter and reduces the pressure on the
switching devices, which is more suitable for renewable energy.
This is done to improve the performance of tool developed for this converter around sustainable energy system by implementing and analyzing
this tool. This technique not only provides voltage gain enhancement, but it also benefits stable operation and high efficiency. FIRE, a Simulation
Model of Surface Combustion System A model for the proposed system is developed and simulated to analyze performance in various operating
conditions. The simulation results demonstrate that the proposed converter shows promising voltage gain and high efficiency, which makes it a
good candidate for photovoltaic and renewable applications when compared to conventional boost converters.
1.1 Objectives
This project has three major aims:

e  For the design of converters in voltage step-up applications.

e To establish a mathematical model of the converter to analyze its performance.

e Acontrol strategy has been designed to control the output voltage.

e  To study the performance of the converter via simulation and experimental validation

e To enhance efficiency and minimize power losses in renewable energy applications.
1.2 Scope of the System
From this work, we proposed converter system to elevate lower voltage into significant high voltage gain using less number of switches for
application. This approach can contribute to the enhancement of voltage gain, ensuring output voltage stability, and minimizing power dissipation
in power conversion systems. This control of the converter ensure that their response remains robust over multiple operating conditions.
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The converter can find application systems such as photovoltaic systems, fuel cells, battery storage systems, electric vehicles. It is also suitable
for the applications demanding high/step up voltage conversion with efficient margin. It focuses on improving energy efficiency and reliability
in new generation power electronic applications.
II. LITERATURE REVIEW
In renewable energy systems, low input voltages are to be converted into profit of high output voltages at large gain dc-dc converters [6], [7].
Photovoltaic panels, fuel cells, and battery systems produce low DC voltages that must be raised efficiently. Thus, researchers have focused on
more converter topologies that can accomplish substantial amounts of voltage gain with adequate efficiency and operating performance [1], [2],
[3].Advanced converter structures have been investigated in several studies to enhance gain and system performance. Switched-inductor
structures, voltage multiplier cells and coupled inductor configurations are some of the techniques presented to increase the voltage conversion
ratio without resorting to very high duty cycles. Moreover, these methods simply decrease switching losses and enhance the converter efficiency
[4], [5], [6]-Voltage gain is not the only aspect that receives attention, since consideration on voltage stress reduction in power semiconductor
devices is also included. Various High step-up converters using modified impedance networks and advanced switching structure have been
explored for higher efficiency and lower component stress. These converter topologies can be well adapted to renewable energy applications
including solar photovoltaic systems and energy harvesting systems [7], [8], [9].Other recent research efforts focus on the implementation of
interleaved converter structures and soft-switching techniques to provide further improvements in terms of converter operation. This helps to
minimise switching losses, enhance thermal performance and thus improve the overall system reliability. Consequently, high gain converters can
work efficiently at different load and input conditions [10], [11], [12].
Additionally, [9] emphasizes the role of DC microgrids. To meet these demands, many advanced converter designs have been proposed to achieve
better voltage regulation, higher power density and higher overall efficiency. However, sustainable energy applications call for further
investigation to explore optimized converter topologies enabling improved control strategies [13], [14], [15].
Research Gap
Even though many topologies of this system have been developed for applications, designs still endure low efficiency at a preferred high value
of voltage gain, excessive switching losses and voltage stress in semiconductor components. For some converters, the high duty cycle needed to
reach the desired voltage step-up hurts both the reliability and performance of a system. Moreover, some converter topologies adopt sophisticated
circuit arrangements which raise cost and implementation complexity. Hence, the so-called high-gain DC-DC convertor is required to solve this
problem and obtain higher degrees conversion with better performance emerging describes less power loss in the component with sufficient
flexibility against load or input variations. So to overcome these limitations, we considered a better converter design with an efficient control
strategy for the proposed system.

III. PROBLEM STATEMENT
It is important to note that battery systems typically yield low DC voltage levels that are insufficient for many real-life applications. This means
the low input voltage needs to be converted into a higher and stable output voltage for effective usage of this energy. The processes to obtain very
high duty cycles in conventional DC-DC converters give way to significant switching losses and higher stress on power electronic components,
limiting the overall efficiency.Besides, some existing designs of the converter own a complicated circuit structure which amplify system cost and
implementation difficulties. This renders the components of renewable energy applications power conversion systems less reliant on performance.
So, we will need a new converter which provides higher voltage conversion along with improved efficiency and lower component stress,
maintaining stable operation under varying input and load conditions.

IV. PROPOSED SYSTEM

4.1 System Overview
Utilizing this knowledge you can create a solution that aims to enable efficient voltage step-up conversion of renewable energy resources. This
transforms a low input DC volts into a high output volts that is applicable to real-life loads. In this system there are four main components which
include DC power supply, an inductor, MOSFET switch and an output capacitor. This structure produces high precision for this voltage
amplification action by each of these components.
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Fig.2 Circuit Diagram of the Proposed High-Gain DC-DC Converter
4.2 Converter Components
During switching period, the inductor stores energy and the high-speed electronic switch is controlled by PWM with a MOSFET. The diode
opens up for zero reverse current flow (conductivity) only. The capacitor smooths out any voltage ripple and hence offers smoother DC output
for the load.
4.3 Operating Principle
The operation of a converter is based on energy storage and transfer. In the ON state of MOSFET switch, the inductor conducts current and
energy is stored in its magnetic field. Whenever it opens or gets off, all of the inductance power in an inductor will flow through a diode and
capacitor to the output causing the output voltage to increase. This switching continues repeatedly to maintain the voltage conversion level
required.
4.4 Control Strategy
The system employs a closed-loop control system to stabilize the output volts. Throughout the entire duration, the output volts is monitored and
compared to a reference voltage. This value is then compared to another variable in order to calculate the error, and that error is used by a
controller to adjust the duty cycle of a PWM signal.
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4.5 Advantages of the Proposed System
Proposed offers greater voltage gain than regular boost converters. This also increases conversion efficiency as well as decreases the stress on
switching components. Owing to these benefits, the system can be applied to renewable energy applications.
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Fig.3 Flowchart of the Proposed Converter Control System

V.MATHEMATICAL MODELING OF THE CONVERTER
Performance analysis of proposed system requires mathematical modeling. To understand input volt and output volt, duty cycle, and working
mechanism of energy transmission through converter elements are modeled. The analysis is made as per the switching states of the converter.
5.1 Inductor Voltage Analysis
The full functioning is based on state of MOSFET. It operates in two of the four switching modes during one switching cycle: On-stage, and Off-
stage.
Mode 1: ON Stage
Input voltage appears across inductor directly. The inductor current grows linearly and power accumulates on the inductor's magnetic field.
The voltage across the inductor can be expressed as: VL=Vin

The rate of change of inductor current is given by: di _ Vin

d
dt L
Where
Vin= Input voltage
L= Inductance
iL= Inductor current
5.2 OF Stage
Switch is OF, then inductor's energy flows to both output via diode and capacitor. At this point, the voltage across the inductor reverses direction.
Vi=Vin—Vout
5.3 Output Voltage Gain
Since, by the volt-second balance of inductor rule, we need the average voltage across the inductor to be zero over one switching cycle.
Vin x D+ (Vin_V()ut) (1_D):0
Where
D = Switching signal duty cycle
Vin
1-D
So we see that from this equation, as duty cycle increases the output voltage also increases.
5.4 Inductor Current Ripple

So we can use above equation to calculate out voltage: I, =

The current ripple inductor Al, can be described as: Ai; = V;, %
Where
fs = Switching frequency
5.5 Output Voltage Ripple
This is where capacitor helps to keep voltage ripple down. Output Voltage Ripple Calculation:

AV, =1,——

o =1o c—f.
Where
Io = Output current
C= Output capacitance
These mathematical models assist in examining the converter performance and the selection of appropriate component values to use in order to
operate effectively. The modeling further helps in the prediction of the voltage gain, current ripple as well as the overall efficiency of the proposed
system.
VI. METHODOLOGY

The approach outlines the process undertaken, interpreting and validating the proposed system. The system's development includes converter
designing, analytical proving, controller implementation and response testing.
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Fig 4. Methodology of the Proposed System
6.1 System Design
This methodology starts from the circuit design process. Switching frequency and load conditions of the converter (inductor, MOSFET switch,
diode etc.) In the case of renewable energy applications, the voltage needs to stay constant while allowing electricity to be effectively routed.
6.2 Mathematical Analysis
Once the converter circuit has been designed, mathematical modeling is used to study all aspects of the behavior of the converter. Basic circuit
analysis is used to derive the relationships between input voltage, output voltage, duty cycle and current. This analysis is useful for making
predictions about expected converter performance and can help select appropriate values for different components.
6.3 Control Implementation
A closed-loop control approach controls the output voltage. It constantly measures the output voltage and compares it to a reference voltage. PID
controller adjusts the duty cycle of control signal under Pulse Width Modulation (PWM) received from the input according to error signal in
order that output voltage stays steady at different operating conditions.
6.4 Simulation and Testing
Simulation testing has been conducted, it allows us to analyze voltage gain, current flow and stability of the system prior to hardware
implementation. Once simulation results show satisfactory performance, the high-power converter can be physically built with practical power
electronic components followed by experimental validation.
6.5 Performance Evaluation
Finally, implementation of the proposed converter is quantitatively evaluated based on a few significant parameters illustrative of voltage gain,
efficiency and output voltage stability and power loss. Recent Post Published corporate automation system, simulation results as can be seen
from the system results, the proposed system can effectively suit renewable energy application.

VII. RESULTS & DISCUSSION

Simulation analysis and experimental validation are used to assess the performance of the proposed system. The results indicate that the converter
can achieve high voltage gain with better efficiency and stable operation.
7.1 Efficiency Performance
Fig. 5 shows the efficiency performance for the proposed converter. 5 provides insight on output power versus converter efficiency. As we see
from the graph, as power increases efficiency slowly goes up. At lower output power levels, at ~20 W the efficiency is around 80%. At higher
output power, the efficiency increases notably owing to effective energy utilization and minimized switching losses.
When the output power is approaching ~80-100 W, we note a converter efficiency of ~94-95%, implying this has made for an excellent power
conversion. This efficiency enhancement validates the capability of the proposed converter design to minimize power losses and improve system
performance.
The confirmed high efficiency illustrates that the suggested converter is a suitable approach for use in renewable energy applications, where an
efficient voltage step-up conversion needs to be performed.
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Fig 5: Efficiency versus Output Power of the Proposed High-Gain DC-DC Converter
7.2 Experimental Hardware Validation
A schematic of the proposed experimental setup in Fig. 6. In the hardware part, we would use regulated power supply, gate driver circuit, power
circuit, sensor and controller unit, load resistor and DSO (digital storage oscilloscope) with current probe.
The regulated power supply provides input voltage to the converter circuit. The function of driver circuit is control switching operation of the
MOSFET, while the actual conversion process takes place in the power circuit. Concurrently, the sensor and controller unit keeps track of system
parameters to maintain stable converter functionality.
The output voltage and current waveforms are measured using a digital storage oscilloscope and a current probe. Experimental results show that
the suggested converter may realize its steady output voltage and effectual power transfer over a wide range of operating conditions.
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Results of hardware validation are in agreement with those obtained from simulation, which legitimize the reliability and practicality of the
converter applications.
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Fig 6: Experimental Setup of the Proposed High-Gain DC-DC Converter
7.3 Performance Discussion

Performance of the proposed analysis in terms output voltage, current and efficiency. The output voltage does not fluctuate as the output power
increases, which is evidenced by Table 1.

Table 1: Performance Comparison Table

Parameter Conventional Boost Proposed Converter
|Input Voltage “ 12V “ 12V |
[Output Voltage|| 48V I 72V |
[Efficiency || 85% I 93% |
|V01tage Gain ” 4 ” 6 |

This gives the converter efficiency at low output power of around 80% due to switching and conduction losses. The efficiency increases with
output power but at a slower rate, as the converter works in an increasingly optimal operating region.

As an example, when using 100 W output (which occurs in a few low-power tools), efficiency increases to about 95%, indicating that energy is
converted properly and minimizing power losses. The stable output voltage maintained during operation proves that the proposed converter
achieves excellent power regulation.

The obtained results demonstrate that the proposed converter exhibits high voltage gain, improved efficiency and stable operation, indicating its
suitability for renewable energy applications including photovoltaic systems, energy storage systems and electric vehicle charging systems.
VIII. CONCLUSION

A DC-DC converter with high gain was developed and modeled to enhance voltage step up qualities of renewable energy systems. The converter
is useful in enhancing low input voltage which is received by the sources like photovoltaic panels, batteries and fuel cells to a high output voltage
that can be utilized in practice. Mathematical modeling and closed-loop control strategy were used to assess the system performance where a
stable regulation of voltage was to be maintained under different operating conditions.

The results obtained prove that the obtained converter has high voltage gain, better efficiency, and constant output features. Efficiency of the
system is about 95 % in higher output power levels, and this aspect proves efficient conversion of energy and minimized power losses. These
features render the converter appropriate in the use of renewable energy sources, such as solar energy systems, EV networks, and energy storage
systems.
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