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 Abstract : Hydrogen fuel cell electric vehicles (HFCEVs) are emerging as a promising solution for reducing 

emissions in the transportation sector. These vehicles generate electrical energy through an electrochemical 

reaction between hydrogen and oxygen, producing only water and heat as byproducts. Due to the absence of 

combustion, HFCEVs do not emit harmful gases at the tailpipe, making them environmentally friendly during 

operation. Their higher energy conversion efficiency, fast refueling capability, and long driving range make them 

suitable for both light-duty and heavy-duty applications. Despite existing challenges related to cost and 

infrastructure, ongoing technological advancements indicate a strong future potential for hydrogen fuel cell-

based transportation systems. 
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1. INTRODUCTION  

The transportation sector is a major contributor to global greenhouse gas emissions, leading to increased 

environmental concerns and the need for cleaner alternatives to conventional internal combustion engine vehicles. 

Hydrogen fuel cell electric vehicles represent one such alternative, offering high efficiency and zero tailpipe 

emissions. In HFCEVs, hydrogen reacts electrochemically with oxygen to generate electricity, eliminating the 

need for combustion and significantly reducing air pollution. 

Compared to traditional petrol and diesel engines, hydrogen fuel cells operate at much higher efficiencies. 

Additionally, when compared to battery electric vehicles, hydrogen fuel cell vehicles provide faster refueling 

times and extended driving ranges. These characteristics make them particularly attractive for long-distance 

transportation and heavy-duty vehicles such as buses and trucks. (1) 

2. Hydrogen fuel cell integration into vehicles: different powertrains and global state-of-the-art 

2.1. Hydrogen fuel cell vehicle topology: The shift from conventional diesel engine vehicles to electric 

vehicle technologies, such as battery electric vehicles (BEVs) and hydrogen fuel cell electric vehicles (HFCEVs), 

is considered a promising approach for reducing carbon emissions in the transportation sector. In recent years, the 

integration of hydrogen fuel cells into vehicles has attracted considerable research attention due to advantages 

such as longer driving range, quick refuelling capability, and higher energy density when compared to BEVs [52–

54]. Figure 3 illustrates a benchmarking comparison of various electric vehicle powertrains against traditional 

diesel engine powertrains. (2) 
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                         Fig. 1  Configuration of Hydrogen Fuel Cell Vehicles Electric Powertrain 
 
2.2. Global state-of-the-art of hydrogen fuel cell vehicles 

 Fuel cells were invented in 1839, and continuous research led to the first commercial fuel cell vehicle by 

Toyota in 2014. Since then, hydrogen fuel cell vehicles (HFCEVs) have gained importance due to government 

support for low-carbon transportation. (3) 

 HFCEVs are used in forklifts, buses, and light- and heavy-duty vehicles. Light-duty vehicles store 4–6 kg of 

hydrogen at 70 MPa, while heavy-duty vehicles use lower storage pressure. 

 By 2021, over 51,000 HFCEVs and 729 refuelling stations were operating globally, led by South Korea, the 

USA, China, and Japan. Although numbers are increasing rapidly, they remain far below future targets of 13 

million vehicles by 2030 and 400 million by 2050. 

 

 
Fig. 2 Key Milestone On Fuel Cell and Fuel Cell-pLPowered Vehicle Development 
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3. METHODOLOGY 

 
This study examines hydrogen fuel cell vehicles (HFCVs) as a sustainable solution to reduce emissions from the 

transportation sector. HFCVs help lower CO₂, NOx, and particulate emissions, improving air quality and 

addressing climate change. Hydrogen offers high energy efficiency, with fuel cells achieving up to 60% efficiency, 

and can be produced from renewable sources. The use of hydrogen supports energy security by reducing 

dependence on fossil fuels. This work also considers technological developments in fuel cells, hydrogen storage, 

and infrastructure, highlighting their role in enabling clean transportation. 

 

4. FIGURES AND TABLES  

 
 

 
Fig. 3 Hydrogen Fuel Powered Car 

 

Fuel cell types 
 

Fuel cell type Fuel Efficiency (%) Temp. (°C) Stack specific 

power (W/kg) 

System specific 

power (W/kg) 

PEMFC Hydrogen 40–60 30–100 >500 >150 

DMFC Methanol 20–30 20–90 >70 >50 

SOFC Hydrocarbon 30–50 500–1000 >800 >100 

 

5. CONCLUSION  
In this paper, an investigation into hydrogen-based energy generation using fuel cells and their utilization in hybrid 

vehicles was conducted. Various types of FCs and their applications were analyzed, namely the application of 

FCs in hybrid vehicles. FCs with adequate control strategies could become the more advantageous choice for 

applications in vehicles over batteries alone. Hydrogen fuel cells will play a significant role in the transportation 

industry in the near future. The price of fuel cells will reduce when producing fuel cells in large quantities and 

commercializing them. We could expect fuel cell-based transportation, power plants, and electricity generators to 

become prominent in the coming decades. 
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