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Abstract The rapid expansion of renewable energy systems—including solar photovoltaic 

(PV), wind, hydrogen fuel cells, and hybrid microgrids—has accelerated the demand for 

efficient DC–DC converters capable of handling wide input variability, improved power 

quality, and high conversion efficiency. Renewable sources typically produce fluctuating and 

intermittent DC outputs, making power conditioning a critical design component in modern 

energy architectures. This review examines major design methodologies, converter topologies, 

switching strategies, control techniques, component selection criteria, and performance 

optimization approaches relevant to renewable applications. Emphasis is placed on boost, 

buck–boost, multiport, interleaved, isolated, resonant, and bidirectional converter 

structures. The paper also analyses trends such as wide bandgap semiconductors (SiC/GaN), 

digital control, high-frequency magnetics, MPPT algorithms, grid integration, and reliability 

modeling. Two analytical tables compare converter topologies and control strategies for 

renewable energy systems. The discussion synthesizes experimental and theoretical insights 

from the literature to identify opportunities for future research in converter miniaturization, 

soft-switching, EMI reduction, adaptive control, and energy-aware architectures for distributed 

generation. This review concludes that DC–DC converters remain central to improving 

efficiency, reliability, and stability in renewable power processing, and advances in converter 

topologies and control schemes will continue to play a transformative role in next-generation 

renewable energy systems. 
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1. Introduction 

Renewable energy systems have become essential solutions for decarbonization, rural 

electrification, and sustainable energy supply. However, renewable sources introduce 

significant variability in their electrical output, demanding robust and efficient power 

conversion interfaces. DC–DC converters act as the central power conditioning elements in 

PV arrays, wind turbine rectifiers, battery management systems, and fuel cells, enabling 

voltage regulation, energy flow control, and maximum power transfer. Numerous studies 

highlight that converter performance directly influences the reliability and efficiency of 

renewable systems (Kumar & Singh, 2021; Ahmed et al., 2020). As distributed energy 

resources expand across residential, industrial, and utility-scale sectors, the design of power-

dense, cost-effective, and fault-tolerant converters is increasingly prioritized. 

This review synthesizes technical advancements in DC–DC converter architectures and control 

techniques tailored for renewable applications. The document focuses on the design 

requirements, functional performance, switching behavior, component optimization, and recent 

innovations, offering a consolidated academic resource for researchers and power electronics 

designers. 

 

2. Renewable Energy System Requirements for DC–DC Converters 

Renewable systems pose unique challenges to converter designers due to intermittent supply 

patterns, environmental variations, and high dynamic loads. In PV systems, voltage levels 

fluctuate with irradiance and temperature, prompting designers to employ wide input-range 

converters and MPPT algorithms (Li & Peng, 2022). Wind energy systems, after rectification, 

produce variable DC power, requiring converters with high step-up capability (Mandal et al., 

2021). Fuel cells, though stable in output, need precise regulation due to slow electrochemical 

response (Choi et al., 2020). 

Key requirements include: (1) wide input voltage range, (2) high efficiency, (3) low 

electromagnetic interference, (4) fast transient response, (5) reliability under harsh 

conditions, and (6) compatibility with MPPT controllers. Battery-integrated microgrids 

demand bidirectional converters for charging/discharging operations. 

 

3. Classification of DC–DC Converter Topologies for Renewable Systems 

3.1 Non-Isolated Converters 
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Non-isolated topologies—buck, boost, buck–boost, SEPIC, Cuk, Zeta—are widely used in 

renewable applications due to their simplicity and high efficiency (Sahu & Mishra, 2021). The 

boost converter remains the most common in PV systems as it elevates low PV voltages to 

useful DC bus levels. However, high duty cycles reduce efficiency and increase stress. 

3.2 Isolated Converters 

Isolated converters such as flyback, forward, push-pull, half-bridge, full-bridge, and LLC 

resonant structures provide galvanic isolation, essential for safety in grid-connected or battery-

connected renewable devices (Park et al., 2022). They allow multi-output generation but 

require more complex magnetics. 

3.3 Interleaved Converters 

Interleaving enhances power capability, reduces ripple, and improves thermal performance. PV 

applications frequently use interleaved boost converters due to superior current sharing and 

low EMI (Prakash & Rout, 2021). 

3.4 Multiport Converters 

Hybrid renewable systems and microgrids benefit from multiport converters, which interface 

PV, batteries, and supercapacitors within a single topology (Huang et al., 2020). They reduce 

component count and improve energy management. 

3.5 Bidirectional Converters 

Used predominantly with batteries and fuel cells, bidirectional DC–DC converters support 

reversible power flow for storage charging/discharging (Sharma & Patel, 2020). 
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Figure 3.1 Classification of DC–DC Converter Topologies 

Table 1: Comparison of Common DC–DC Converter Topologies for Renewable Systems 

Topology Voltage 

Conversion 

Isolation Efficiency 

Range 

Typical Applications 

Boost Step-up No 92–97% PV systems, fuel cells 

Buck–Boost Step-up/down No 85–93% EV chargers, hybrid 

microgrids 

SEPIC Step-up/down No 88–94% PV MPPT, LED drivers 

Flyback Step-up/down Yes 80–88% Low-power PV inverters 

Full-Bridge Step-up/down Yes 92–97% High-power solar/wind 

converters 

Interleaved 

Boost 

Step-up No 95–98% High-power PV arrays 

 

4. Design Considerations in DC–DC Converters for Renewable Energy 

4.1 Voltage Gain and Duty Cycle Optimization 

The required voltage gain determines the selection of topology. Traditional converters struggle 

to maintain high gains without excessive duty cycles, increasing conduction losses (Reddy & 

Mohan, 2021). Advanced high-gain topologies using coupled inductors, switched capacitors, 

or voltage multipliers have emerged. 
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4.2 Efficiency Optimization 

Efficiency is critical because renewable power availability is limited. Losses originate from 

conduction, switching, magnetics, and gate drivers. Research emphasizes techniques like 

synchronous rectification, interleaving, soft switching, and SiC/GaN semiconductors (Zhang 

et al., 2020). 

4.3 Thermal Management and Reliability 

High ambient temperatures reduce converter reliability. Heat sinks, forced air cooling, and 

thermal modeling are widely adopted (Roy et al., 2022). Derating strategies extend component 

life. 

4.4 Magnetic Component Design 

Inductor and transformer design strongly affects converter performance. High-frequency 

magnetics reduce size but increase core losses. Researchers propose ferrite materials and planar 

designs for renewable converters (Kumar et al., 2021). 

4.5 EMI and Filtering 

Switching harmonics introduce electromagnetic noise. Proper PCB layout, shielding, snubbers, 

and common-mode chokes are recommended for renewable systems operating near 

communication lines (Singh & Thakur, 2020). 

 

5. Switching Techniques in Renewable DC–DC Converters 

5.1 Hard Switching 

Widely used but generates high losses and EMI. Hard-switched converters are simple yet less 

efficient at high power levels (Yadav et al., 2022). 

5.2 Soft Switching 

Techniques such as Zero Voltage Switching (ZVS) and Zero Current Switching (ZCS) 

reduce switching losses and stress, achieving higher efficiency (Kim & Lee, 2021). Resonant 

converters, quasi-resonant converters, and phase-shift control enable soft switching in solar 

inverters. 

5.3 PWM and Digital Control 

High-resolution PWM, dead-time control, and adaptive switching improve converter 

reliability. Digital controllers like DSPs and FPGAs enhance precision under varying 

renewable conditions (Babu & Rao, 2020). 

 

6. Control Strategies for Renewable DC–DC Converters 

6.1 Voltage-Mode Control 



Journal of Computational Analysis and Applications                                                                          VOL. 32, NO. 1, 2024 
   

                                                                                                          10.48047/jocaaa.2024.32.01.77 

                                                                                                       1236                        Mr. Akash Ingle et al 1231-1239 

 

Simple and widely used but less effective under fast irradiance variations in PV systems. 

6.2 Current-Mode Control 

Offers enhanced dynamic response and stability by incorporating inductor current feedback 

(Chandran et al., 2020). 

6.3 MPPT Control Techniques 

MPPT algorithms maximize power extraction from PV systems. Popular methods include 

Perturb & Observe, Incremental Conductance, Fuzzy Logic, and Neural Networks (Patel 

& Mehta, 2021). 

6.4 Adaptive and Predictive Control 

Model predictive control (MPC) and adaptive control compensate for fluctuations and aging-

related variations (Gupta et al., 2021). Renewable systems benefit from improved robustness 

and anti-windup performance. 

 

 

Table 2: Comparison of Key Control Techniques for Renewable DC-DC Converters 

Control 

Method 

Complexity Dynamic 

Response 

Applications Limitations 

Voltage-

Mode 

Low Moderate Low-power 

converters 

Poor response to 

disturbances 

Current-

Mode 

Medium High PV MPPT, battery 

converters 

Requires slope 

compensation 

MPPT 

(P&O) 

Low Slow to 

moderate 

Solar PV Oscillations near 

MPP 

MPPT (INC) Medium High Rapid irradiance 

changes 

More computation 

Fuzzy/AI-

Based 

High Very high Smart microgrids Requires training and 

processing 

 

7. Wide Bandgap Devices in Renewable DC–DC Converters 

SiC and GaN transistors are transforming renewable converter design due to their low 

switching losses, high thermal capability, and high-frequency operation (Nair et al., 2020). PV 

systems with GaN-based converters demonstrate improved partial-load efficiencies. SiC 

MOSFETs enable high-power boost converters for wind and microgrid energy storage systems. 
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8. Applications of DC–DC Converters in Renewable Energy 

8.1 Photovoltaic Systems 

Boost, SEPIC, and interleaved converters are extensively used. MPPT integration enhances 

energy yield (Verma & Rao, 2022). 

8.2 Wind Energy Systems 

Rectified output requires DC–DC regulation using high-gain and isolated converters (Mishra 

et al., 2020). 

8.3 Fuel Cell Applications 

Converters must ensure high efficiency at low voltages and support transient load response 

(Chen et al., 2021). 

8.4 Battery Energy Storage Systems 

Bidirectional converters regulate charging and discharging cycles in microgrids and EV 

applications (Singh & Pal, 2021). 

8.5 Hybrid Renewable Systems 

Multiport converters simplify architecture and reduce cost in hybrid PV–wind–battery 

microgrids (Hossain et al., 2022). 

 

9. Future Research Directions 

Future converter design research focuses on: 

1. High-gain topologies with reduced stress. 

2. Soft-switching resonant structures for ultra-high efficiency. 

3. Artificial intelligence-based control for renewable variability management. 

4. Ultra-compact magnetics using novel materials. 

5. Adaptive thermal and reliability modeling. 

6. Integration with DC microgrids and EV charging. 

7. Cyber-secure digital control architectures. 

8. Scalable modular converters for grid-scale renewable storage. 

Emerging technologies such as quantum magnetics, advanced gate drivers, and 3D-printed 

inductors may redefine next-generation renewable converters. 

 

10. Conclusion 

DC–DC converters form the backbone of renewable energy conversion, enabling voltage 

regulation, MPPT control, and reliable power flow in decentralized architectures. The 
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advancement of high-gain, high-frequency, soft-switching, multiport, and bidirectional 

converters has significantly improved the integration of renewable energy systems. Wide 

bandgap materials and digital control promise further improvements in efficiency, thermal 

performance, and compactness. Continued research in converter modeling, soft switching, EMI 

mitigation, AI-based controllers, and hybrid topologies is expected to revolutionize renewable 

energy power conditioning. 
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