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Abstract 

This paper presents a comprehensive literature review of recent advances in 

DC–DC converter technologies for hydrogen fuel cell power conditioning, with 

particular emphasis on proton exchange membrane fuel cells (PEMFCs) used 

in electric vehicle and stationary energy systems. Covering 29 peer-reviewed 

studies, the review examines progress in converter topologies, control 

methodologies, and performance optimization. The analysis highlights 

interleaved boost converters combined with advanced control strategies—such 

as linear quadratic regulator (LQR) control, fractional-order PID control, and 

sliding mode control—as the current state-of-the-art, achieving efficiencies 

above 95% while substantially reducing input current ripple and improving 

transient response. Emerging research trends include high-gain impedance-

network converters enabling wide input voltage ranges, isolated and 

bidirectional converter architectures that support hybrid energy storage 

integration, and intelligent optimization-based control approaches 

incorporating particle swarm optimization (PSO) and model predictive control 

(MPC). The review further identifies key trade-offs in efficiency, power density, 

voltage gain capability, and dynamic behavior across converter designs, 

providing a structured foundation for future development of high-performance 

fuel cell power conditioning systems. 
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A. INTRODUCTION 

Hydrogen fuel cells, particularly proton exchange membrane fuel cells (PEMFCs), 

have emerged as promising clean energy sources for transportation and stationary power 

applications due to their high efficiency, zero emissions, and rapid response characteristics. 

However, the inherent characteristics of fuel cells—including low output voltage (typically 

0.6 to 0.8 V per cell), wide voltage variation with load changes, and high output current—
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necessitate sophisticated power conditioning systems to interface with electric powertrains 

and grid-connected applications (Habib et al., 2015; Qi et al., 2020; Hegazy et al., 2012). 

DC-DC converters serve as critical power electronic interfaces between fuel cells and 

their loads, performing voltage step-up, power regulation, and impedance matching 

functions. The design of these converters must address several unique challenges: 

minimizing input current ripple to extend fuel cell lifetime, achieving high voltage gain 

ratios (often 5:1 to 10:1), maintaining high efficiency across wide load ranges, and 

providing fast dynamic response to load transients (Xu et al., 2004; Mohamed et al., 2011; 

Hegazy et al., 2011). Additionally, the “soft” output characteristics of fuel cells—where 

terminal voltage decreases significantly with increasing current—require advanced control 

strategies to ensure stable operation and optimal power extraction (Zhang, et al, 2022). 

This literature review synthesizes recent research on DC-DC converter topologies and 

control strategies specifically designed for hydrogen fuel cell applications. The review 

examines converter architectures ranging from conventional boost topologies to advanced 

interleaved, isolated, and high-gain configurations, analyzes control methodologies from 

classical PI control to intelligent optimization-based approaches, and evaluates 

performance metrics including efficiency, power density, ripple reduction, and dynamic 

response. The objective is to provide researchers and engineers with a comprehensive 

understanding of the state-of-the-art and identify promising directions for future 

development. 

 

B. METHOD 

Background and Theoretical Foundations 

1. Fuel Cell Characteristics and Interface Requirements 

Fuel cells exhibit unique electrical characteristics that fundamentally influence DC-

DC converter design. The voltage-current relationship of a PEMFC is governed by 

activation losses, ohmic losses, and concentration losses, resulting in a nonlinear 

polarization curve (Andreičiks & Ribickis, 2010; Wang et al., 2024). The output voltage 

typically ranges from 0.6 V to 0.9 V per cell under load, with stack voltages commonly 

between 24 V and 80 V for automotive applications (Kanaan et al., 2009). This low voltage 

necessitates high step-up ratios to interface with 200–400 V DC bus systems in electric 

vehicles (Liu et al., 2023). Input current ripple is particularly detrimental to fuel cell 
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performance and longevity. High-frequency current ripples accelerate membrane 

degradation, increase parasitic losses, and reduce overall system efficiency (Hegazy et al., 

2012; Ahmed et al., 2018). Consequently, converter topologies that minimize input current 

ripple through interleaving, multi-phase operation, or advanced filtering are strongly 

preferred (Ma et al., 2019; Demir et al., 2023). 

2. DC-DC Converter Design Considerations 

The design of DC-DC converters for fuel cell applications must balance multiple, often 

conflicting, performance objectives. High voltage gain is essential but typically comes at 

the cost of increased component stress and reduced efficiency (Mohamed, 2013; Koundi et 

al., 2022). Power density requirements in automotive applications demand compact designs 

with minimal passive components, driving interest in high-frequency operation and 

advanced magnetic integration (Wu et al., 2020; Andrade et al., 2022). Dynamic response 

must be sufficiently fast to handle load transients while maintaining voltage regulation, 

requiring careful control system design (Andrade et al., 2022; Kovacevic et al., 2008). 

Efficiency is paramount, as losses in the power conditioning system directly reduce 

overall fuel cell system efficiency. State-of-the-art converters target efficiencies exceeding 

95% across the operating range (Ahmed et al., 2009; Madhavi & Fernandes, 2019). Soft-

switching techniques, including zero-voltage switching (ZVS) and zero-current switching 

(ZCS), are widely employed to reduce switching losses and electromagnetic interference 

(Sakka et al., 2009; Afkar et al., 2022). 

 

C. RESULTS AND DISCUSSION 

1. DC-DC Converter Topologies for Fuel Cell Applications 

a. Boost Converter Topologies 

1) Conventional and Multidevice Boost Converters 

The conventional boost converter remains a fundamental topology for fuel cell 

applications due to its simplicity, continuous input current, and inherent step-up 

capability (Dinakaran et al., 2023). However, single-phase boost converters suffer 

from significant input current ripple and limited voltage gain at practical duty 

cycles. To address these limitations, multidevice boost converter (MDBC) 

configurations have been developed, where multiple switching devices and 
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inductors are connected in parallel at the input and series at the output (Hegazy et 

al., 2012). 

Hegazy et al. (2012) demonstrated that multidevice configurations reduce 

current stress on individual components and improve overall reliability, though they 

do not inherently reduce input current ripple. The topology achieves comparable 

efficiency to conventional boost converters while distributing thermal stress across 

multiple devices, an important consideration for high-power fuel cell systems. 

2) Interleaved Boost Converters 

Interleaved boost converters (IBCs) represent a significant advancement for 

fuel cell applications, employing multiple parallel boost converter phases with 

phase-shifted gate signals to achieve substantial input current ripple reduction 

(Habib et al., 2015; Hegazy et al., 2012; Ma et al., 2019). The interleaving technique 

provides ripple cancellation effects, with the degree of cancellation depending on 

the number of phases and duty cycle. At a duty cycle of 0.5 with two-phase 

interleaving, theoretical zero input current ripple can be achieved (Habib et al., 

2015). 

Habib et al. (2015) analyzed a two-phase interleaved boost converter with 180-

degree phase shift, demonstrating significant minimization of current ripple and 

harmonic content compared to conventional topologies. Hegazy et al. (2012) 

extended this concept to multidevice interleaved boost converters (MDIBCs), 

combining the benefits of multidevice parallel connection with interleaved control. 

Their experimental results on a 1.2 kW prototype showed that the MDIBC topology 

achieved 95% efficiency while reducing input current ripple by approximately 75% 

compared to conventional boost converters, with output voltage ripple reduced by 

60% (Hegazy et al., 2012). 

The interleaved topology also offers improved electromagnetic interference 

(EMI) characteristics and reduced stress on switching devices, making it 

particularly attractive for automotive fuel cell systems where reliability and 

electromagnetic compatibility are critical (Demir et al., 2023; Bayendang et al., 

2021). 

b. Buck-Boost and Four-Switch Converters 
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Buck-boost converters provide bidirectional voltage conversion capability, 

essential for applications requiring both step-up and step-down operation. The four-

switch buck-boost (FSBB) topology has gained attention for fuel cell applications due 

to its ability to maintain continuous input current and provide wide voltage conversion 

ratios (Qi et al., 2020; Koundi et al., 2022). 

Qi et al. (2020) implemented a four-switch buck-boost converter with a dual-

triggered switch strategy specifically designed to reduce inductor current ripple in 

PEMFC applications. Their experimental validation on a PEMFC system demonstrated 

that the FSBB topology with fractional-order PID control achieved superior voltage 

regulation compared to integer-order controllers, with improved robustness to fuel cell 

voltage variations and load changes (Qi et al., 2020). 

Koundi et al. (2022) developed a state-feedback controlled interleaved buck-boost 

converter for fuel cell energy sources, emphasizing continuous input current as a critical 

requirement. Their experimental validation on a 500 W prototype demonstrated fast 

dynamic response with settling times under 100 ms for load transients, while 

maintaining input current continuity to protect the fuel cell stack. 

c. Isolated and Bidirectional Converters 

Isolation between fuel cell and load is often required for safety, ground loop 

elimination, and voltage level matching in certain applications. Isolated DC-DC 

converters employ high-frequency transformers to provide galvanic isolation while 

enabling flexible voltage ratios through transformer turns ratio selection (Kovacevic et 

al., 2008; Sakka et al., 2009; Jang et al., 2019). 

1) Full-Bridge and Phase-Shifted Converters 

Full-bridge converters with phase-shift modulation are widely used in high-

power fuel cell applications due to their ability to achieve soft-switching and high 

efficiency (Zhang, et al, 2022; Sakka et al., 2009). Research on phase-shifting full-

bridge converters for fuel cell applications has demonstrated efficiencies exceeding 

94% at rated power, with ZVS operation maintained across wide load ranges 

(Zhang, et al, 2022). 

2) Series Resonant and Bidirectional Topologies 

Jang et al. (2019) developed an isolated bidirectional DC-DC converter based 

on a full-bridge series resonant converter (SRC) topology for fuel cell electric 
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vehicle applications. Their 1 kW prototype, operating between a 240–450 V high-

voltage battery and a 9.5–15.5 V low-voltage battery, achieved maximum efficiency 

of 96.1% using GaN switches at switching frequencies above 300 kHz (Jang et al., 

2019). The high switching frequency enabled the use of planar magnetics, 

significantly improving power density (Jang et al., 2019). 

Kovacevic et al. (2008) proposed an advanced isolated DC-DC converter 

topology specifically optimized for hydrogen fuel cell systems, incorporating active 

overvoltage clamping to protect switching devices during transients. 

d. High-Gain and Impedance-Network Topologies 

Achieving high voltage gain ratios (>10:1) with conventional boost topologies 

requires extreme duty cycles, leading to increased conduction losses, reverse recovery 

issues, and reduced efficiency. High-gain converter topologies address this limitation 

through voltage multiplier cells, coupled inductors, switched-capacitor networks, or 

impedance-network structures (Wu et al., 2020; Dinakaran et al., 2023; Wu et al., 2021). 

1) Quadratic and Hybrid Boost Converters 

Dinakaran et al. (2023) developed a hybrid quadratic DC-DC boost converter 

for fuel cell-powered electric vehicles, achieving wide voltage gain with reduced 

voltage stress on switching devices. The hybrid topology combines quadratic boost 

principles with voltage multiplier cells to achieve gains exceeding 15:1 while 

maintaining reasonable component ratings (Dinakaran et al., 2023). 

2) Impedance-Network and Z-Source Topologies 

Wu et al. (2021) conducted a comprehensive review of DC-DC converter 

topologies based on impedance networks for fuel cell vehicles, developing an eight-

index evaluation system encompassing voltage gain, component count, voltage 

stress, current stress, efficiency, power density, control complexity, and cost. Their 

analysis identified impedance-network topologies as particularly promising for fuel 

cell vehicles requiring wide input voltage ranges (20–80 V) and high voltage gains 

(5–10×) (Wu et al., 2021). 

3) Novel High-Gain Architectures 

Wu et al. (2020) proposed a novel high-gain DC-DC converter incorporating 

coupled inductors and voltage multiplier cells, achieving voltage gains exceeding 

10:1 at duty cycles below 0.6, with 94.5% peak efficiency on a 1 kW prototype. The 
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coupled inductor design enabled magnetic integration, reducing overall converter 

volume by approximately 30% compared to discrete inductor implementations (Wu 

et al., 2020). Afkar et al. (2022) introduced a generalized modular DC-DC converter 

topology employing a three-level structure that reduces voltage stress while 

providing scalable voltage gain through modular expansion (Afkar et al., 2022). 

2. Control Strategies and Algorithms 

a. Classical and Advanced Linear Control 

1) PI and PID Control 

PI/PID controllers remain the most widely implemented control strategies for 

fuel cell DC-DC converters due to their simplicity and well-established tuning 

methods (Habib et al., 2015; Qi et al., 2020; Kanaan et al., 2009). Hegazy et al. 

(2012) implemented dual-loop PI control for a multidevice interleaved boost 

converter, demonstrating settling times under 50 ms with voltage overshoot below 

5%. However, classical PI/PID controllers exhibit limitations when dealing with the 

nonlinear characteristics of fuel cells and wide operating range variations (Qi et al., 

2020; Ma et al., 2019). 

2) Linear Quadratic Regulator (LQR) Control 

Habib et al. (2015) developed an improved LQR-based controller for a PEMFC 

interleaved DC-DC converter, demonstrating superior performance compared to 

optimized PI control. The LQR controller achieved fast corrections without 

oscillations and exhibited enhanced robustness to external parameter variations 

including fuel cell voltage fluctuations and load current changes (Habib et al., 

2015). 

b. Nonlinear and Robust Control Methods 

1) Sliding Mode Control 

Sliding mode control (SMC) is a robust nonlinear control technique particularly 

well-suited for DC-DC converters due to its inherent robustness to parameter 

variations and disturbances (Ahmed et al., 2018; Ma et al., 2019; Madhavi & 

Fernandes, 2019; Afkar et al., 2022). Ma et al. (2019) demonstrated that SMC with 

adaptive reaching law reduced settling time by 40% and limited voltage overshoot 

to less than 3% compared to PI control on a 5 kW PEMFC system, maintaining 

stable operation from 20% to 100% rated power. 
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Madhavi and Fernandes (2019) implemented variable structure control for an 

isolated boost converter, demonstrating voltage regulation within ±2% across the 

operating range despite significant fuel cell voltage variations. Afkar et al. (2022) 

applied indirect SMC to a modular three-level converter, reducing chattering effects 

while maintaining robustness advantages. 

2) Passivity-Based Control 

Ahmed et al. (2018) developed passivity-based control for a non-isolated DC-

DC converter in a fuel cell system, achieving voltage regulation with minimal 

overshoot (less than 3%) and fast settling time (approximately 80 ms) for load 

transients. The method’s energy-based design framework provides intuitive 

physical interpretation and systematic stability analysis (Ahmed et al., 2018). 

c. Intelligent and Optimization-Based Control 

1) Fractional-Order Control 

Qi et al. (2020) designed a fractional-order PID controller for a four-switch 

buck-boost DC-DC converter interfacing with a PEMFC, with parameters 

optimized using a stochastic inertia weight particle swarm optimization (PSO) 

algorithm. Experimental results demonstrated reduced overshoot (15% vs. 22%) 

and faster settling time (120 ms vs. 180 ms) compared to integer-order PID control 

(Qi et al., 2020). 

2) Particle Swarm Optimization and Evolutionary Algorithms 

Demir et al. (2023) designed PSO-based intelligent PID controllers for DC/DC 

buck converters in PEM fuel-cell-powered automated guided vehicles. The PSO 

algorithm optimized PID parameters by minimizing a multi-objective cost function 

incorporating settling time, overshoot, and steady-state error, demonstrating 

improved transient response and disturbance rejection compared to manually tuned 

controllers (Demir et al., 2023). 

3) Model Predictive Control 

Liu et al. (2023) developed a control method for hydrogen fuel cell DC-DC 

converters based on generalized second-order differential equations, incorporating 

predictive elements to improve dynamic response. The approach demonstrated 

improved tracking performance and faster response to reference changes compared 

to conventional control methods (Liu et al., 2023). 

https://doi.org/10.20961/nozel.v8i4.123020


NOZEL, Volume 08 Nomor 04, November 2026, 357 – 374 

https://doi.org/10.20961/nozel.v8i4.123020  365 

4) Maximum Power Point Tracking 

Zhou et al. (2023) reviewed MPPT methods for fuel cell generation converters, 

identifying perturb-and-observe (P&O), incremental conductance, and model-based 

approaches as the primary techniques. Advanced MPPT strategies incorporate fuel 

cell degradation models to optimize the trade-off between power extraction and 

stack longevity (Zhou et al., 2023). Integration of MPPT with voltage regulation 

control requires hierarchical control structures where MPPT generates reference 

signals for inner voltage/current control loops (Mohamed et al., 2011; Zhou et al., 

2023). 

3. Performance Metrics and Comparative Analysis 

a. Efficiency and Power Density 

State-of-the-art converters achieve peak efficiencies between 94% and 97%, with 

efficiency maintained above 90% across wide load ranges (Hegazy et al., 2012; Wu et 

al., 2020; Ahmed et al., 2009; Jang et al., 2019). Hegazy et al. (2012) reported 95% 

efficiency at rated power (1.2 kW), while Wu et al. (2020) demonstrated 94.5% peak 

efficiency on a high-gain 1 kW prototype. The highest reported efficiency of 96.1% 

was achieved by Jang et al. (2019) using GaN switches and soft-switching operation at 

frequencies above 300 kHz. 

Ahmed et al. (2009) emphasized the importance of maintaining high efficiency 

across the full operating range rather than optimizing only for peak efficiency, noting 

that converter efficiency typically drops at light loads due to fixed losses, suggesting 

the need for multi-mode or burst-mode control (Ahmed et al., 2009). 

b. Current and Voltage Ripple Reduction 

Input current ripple minimization is paramount for fuel cell applications, as high-

frequency current ripples accelerate membrane degradation and reduce fuel cell lifetime 

(Habib et al., 2015; Hegazy et al., 2012; Ahmed et al., 2018). Hegazy et al. (2012) 

demonstrated that the MDIBC reduced input current ripple by approximately 75% and 

output voltage ripple by 60%, enabling inductors reduced in volume by 40%. Qi et al. 

(2020) demonstrated significant inductor current ripple reduction with the four-switch 

buck-boost converter using a dual-triggered switching strategy, though specific 

quantitative values were not reported. 

c. Dynamic Response and Transient Performance 
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Advanced control strategies demonstrate significant improvements in dynamic 

response compared to classical PI control. Ma et al. (2019) demonstrated a 40% settling 

time reduction with SMC, achieving transient response under 30 ms with overshoot 

below 3%. Qi et al. (2020) showed settling times of 120 ms and 15% overshoot with 

fractional-order PID, versus 180 ms and 22% with integer-order PID. Koundi et al. 

(2022) demonstrated settling times under 100 ms while maintaining continuous input 

current. Habib et al. (2015) confirmed that LQR control eliminated oscillatory 

undulations present in PI-controlled systems during transients. 

Performance comparison of Selected DC-DC Converter Topologies and Control Strategies 

as shown at Table 1. 

Table 1. Performance Comparison of Selected DC-DC Converter Topologies and 

Control Strategies 

Topology 
Control 

Strategy 
Efficiency 

Ripple 

Reduction 

Settling 

Time 
Reference 

MDIBC Dual-loop PI 95% 75% (input 

current) 

<50 ms Hegazy et 

al. (2012) 

SRC 

Bidirectional 

Phase-shift 

(GaN) 

96.1% — — Jang et al. 

(2019) 

High-Gain 

Coupled 

Inductor 

PI 94.5% — — Wu et al. 

(2020) 

FSBB Fractional-

order PID 

— Significant 120 ms Qi et al. 

(2020) 

Interleaved 

Buck-Boost 

State-

feedback 

— Continuous 

input 

<100 ms Koundi et 

al. (2022) 

Boost 

Converter 

Sliding 

Mode 

(SMC) 

— — <30 ms Ma et al. 

(2019) 

 

4. Emerging Trends and Future Directions 

a. Wide Bandgap Semiconductors 

The adoption of wide bandgap (WBG) semiconductor devices, particularly silicon 

carbide (SiC) and gallium nitride (GaN), represents a transformative trend in fuel cell 

DC-DC converter design (Jang et al., 2019). WBG devices offer lower on-resistance, 

higher switching frequencies, and superior thermal performance compared to silicon-
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based devices. Jang et al. (2019) demonstrated 96.1% efficiency at switching 

frequencies above 300 kHz, with planar magnetics significantly improving power 

density. 

b. Modular and Scalable Architectures 

Afkar et al. (2022) demonstrated that modular converter architectures enable power 

scaling through parallel connection of identical modules, improving fault tolerance and 

reducing development costs. Qian (2010) addressed the integration of fuel cells with 

complementary energy storage systems through multi-port DC-DC converter 

structures, enabling sophisticated energy management strategies (Qian, 2010). 

c. Integrated Diagnostics and Prognostics 

Wu et al. (2021) identified online monitoring of water content in fuel cells through 

DC-DC converter measurements as a promising research direction. By analyzing 

impedance characteristics and dynamic response, converters can potentially detect 

membrane drying, flooding, and other degradation mechanisms without additional 

sensors (Wu et al., 2021). 

d. Artificial Intelligence and Machine Learning 

Beyond parameter optimization using evolutionary algorithms, future systems may 

employ neural networks for adaptive control, reinforcement learning for energy 

management, and data-driven modeling to account for fuel cell aging and degradation 

(Demir et al., 2023). The increasing computational power of embedded processors 

makes real-time implementation of AI-based control increasingly feasible (Demir et al., 

2023). 

e. High-Power Commercial Vehicle Applications 

There is growing interest in high-power DC-DC converters for commercial fuel 

cell vehicles (trucks, buses) operating at 50–200 kW (Wu et al., 2021). These 

applications require converters with higher current handling capability, enhanced 

thermal management, and buck-boost functionality to accommodate wider fuel cell 

voltage ranges (Wu et al., 2021). 

5. Discussion and Critical Analysis 

a. Topology Selection Trade-offs 

Interleaved boost converters offer excellent input current ripple reduction and are 

well-suited for moderate voltage gain applications (3–6×), but require multiple 
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inductors and switching devices (Habib et al., 2015; Hegazy et al., 2012). High-gain 

topologies enable extreme voltage ratios at moderate duty cycles but typically involve 

more passive components and higher component stresses (Wu et al., 2020; Dinakaran 

et al., 2023; Wu et al., 2021). Isolated topologies provide galvanic isolation but add 

complexity and cost (Kovacevic et al., 2008; Sakka et al., 2009; Jang et al., 2019). No 

single topology dominates across all metrics, necessitating careful application-specific 

analysis (Hegazy et al., 2011; Wu et al., 2021). 

b. Control Strategy Selection 

Classical PI/PID control offers simplicity but may exhibit limited performance 

under wide operating range variations (Habib et al., 2015; Qi et al., 2020). Advanced 

linear methods (LQR, state-feedback) provide improved performance but require 

accurate system models (Habib et al., 2015; Koundi et al., 2022). Nonlinear approaches 

(sliding mode, passivity-based) offer superior robustness but may involve 

implementation challenges (Ahmed et al., 2018; Ma et al., 2019; Madhavi & Fernandes, 

2019). For cost-sensitive applications, well-tuned PI control remains practical, while 

sliding mode control and fractional-order PID are particularly promising for high-

performance applications (Qi et al., 2020; Ma et al., 2019). 

c. Validation and Experimental Gaps 

A notable limitation in the reviewed literature is the predominance of simulation 

studies and low-power experimental validation (typically 0.5–2 kW), often on resistive 

loads rather than actual fuel cell stacks (Habib et al., 2015; Qi et al., 2020; Koundi et 

al., 2022). Long-term reliability and lifetime testing are largely absent, and high-power 

validation (>10 kW) is limited (Wu et al., 2021). 

d. System-Level Integration 

Most reviewed studies focus on converter-level performance, with limited attention 

to system-level integration (Mohamed, 2013; Bayendang et al., 2021). Future research 

should address converter design in the context of complete fuel cell systems, 

considering interactions with fuel cell control, energy storage management, and 

vehicle-level power flow optimization (Bayendang et al., 2021; Qian, 2010; Zhou et al., 

2023). 
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Figure 1 provides a consolidated visual summary of the key findings from this 

systematic literature review, organized into four interconnected sections. Section 1 

illustrates the main DC-DC converter topologies identified for hydrogen fuel cell 

applications, namely the interleaved boost converter, four-switch buck-boost converter, 

isolated bidirectional converter, and high-gain converter. Section 2 categorizes the control 

strategies reviewed into classical, nonlinear, and intelligent control groups, with MPPT 

methods also highlighted. Section 3 presents a comparative performance analysis across 

the four topology categories, benchmarking efficiency, input current ripple reduction, 

transient settling time, and voltage gain range. Section 4 identifies three prominent 

emerging trends: wide bandgap semiconductors, modular multi-port architectures, and 

AI/ML integration. 

 

 

Fig. 1. Systematic classification of (1) main converter topologies, (2) control strategies, (3) 

performance metrics comparison, and (4) emerging trends in DC-DC converters for 

PEMFC applications. 

 

D. CONCLUSION 

This comprehensive literature review has synthesized recent advances in DC-DC 

converter technologies for hydrogen fuel cell control applications, examining topologies, 

control strategies, and performance metrics across 30 highly relevant publications. Several 

key conclusions emerge from this analysis: 
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Topology Insights: Interleaved boost converters represent the current state-of-the-art 

for fuel cell applications requiring moderate voltage gains (3-6×), offering superior input 

current ripple reduction (up to 75% reduction) and high efficiency (94-95%) while enabling 

smaller passive components. For applications requiring higher voltage gains (>8×), high-

gain topologies including coupled-inductor converters, quadratic boost converters, and 

impedance-network topologies provide effective solutions, though typically with increased 

complexity and component count. Isolated bidirectional converters are essential for hybrid 

energy storage integration and applications requiring galvanic isolation, with series 

resonant topologies achieving efficiencies exceeding 96% through soft-switching 

operation. 

Control Strategy Advances: Advanced control strategies demonstrate significant 

performance improvements over classical PI control. Linear Quadratic Regulator (LQR) 

control provides systematic optimization with enhanced robustness to parameter variations. 

Sliding mode control achieves superior transient response (40% faster settling time) and 

disturbance rejection, though chattering mitigation remains important. Fractional-order 

PID control optimized with particle swarm optimization algorithms achieves the best 

reported transient performance, with reduced overshoot and faster settling times compared 

to integer-order controllers. The selection of control strategy should balance performance 

requirements against implementation complexity and computational resources. 

Performance Benchmarks: State-of-the-art fuel cell DC-DC converters achieve peak 

efficiencies between 94% and 97%, with the highest reported efficiency of 96.1% achieved 

using GaN switches and soft-switching techniques. Input current ripple reduction of 70-

75% is achievable with interleaved topologies, critical for fuel cell lifetime extension. 

Dynamic response with settling times under 50 ms and overshoot below 5% has been 

demonstrated with advanced control strategies, meeting the demanding requirements of 

automotive applications. 

Emerging Directions: Wide bandgap semiconductors (SiC, GaN) enable higher 

switching frequencies and improved efficiency, facilitating dramatic improvements in 

power density. Modular and scalable architectures support flexible power scaling and 

improved fault tolerance. Integration of diagnostic capabilities for fuel cell health 

monitoring through converter measurements represents a promising research direction. 

Artificial intelligence and machine learning techniques offer potential for adaptive control 
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and optimization, though practical implementation requires further development. Research 

Gaps: Significant gaps remain in high-power experimental validation (>10 kW), long-term 

reliability testing, and system-level integration studies. Most experimental work employs 

resistive loads rather than actual fuel cell stacks, potentially missing important dynamic 

interactions. Future research should address these gaps through comprehensive 

experimental validation on real fuel cell systems across the full power range and operating 

conditions relevant to commercial applications. 

The field of DC-DC converters for fuel cell applications continues to advance rapidly, 

driven by the growing commercialization of fuel cell electric vehicles and stationary power 

systems. The convergence of advanced topologies, intelligent control strategies, and wide 

bandgap semiconductor technologies promises continued improvements in efficiency, 

power density, and reliability, supporting the broader adoption of hydrogen fuel cell 

technology as a clean energy solution. 
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