
Hydrogen Fuel Cell Vehicles
== Background == d26805d1d0 Owing to the greenhouse gas emissions and particulate
pollution produced by diesel buses, transport operators have been moving towards greener and
cleaner buses (such as hybrid electric buses and battery electric buses) since the early 2000s.
However, battery electric buses lack range compared to diesel buses, take time to charge and
have reduced energy storage in cold weather. d26805d1d0 Hydrogen burns cleaner than fuels
such as gasoline or methane but is more difficult to store and transport because of the small size
of the molecule. As of the 2020s hydrogen light duty vehicles, including passenger cars, have
been sold in small numbers due to competition with battery electric vehicles. As of 2021, there
were two models of hydrogen cars publicly available in select markets: the Toyota Mirai (2014–),
the first commercially produced dedicated fuel cell electric vehicle (FCEV), and the Hyundai
Nexo (2018–). The Honda CR-V e:FCEV became available, for lease only, in very limited
quantities in 2024. d26805d1d0 To limit global warming, it is generally envisaged that the future
hydrogen economy replace gray hydrogen with low-carbon hydrogen... d26805d1d0 As of 2019,
98% of hydrogen is produced by steam methane reforming, which emits carbon dioxide. It can
be produced by electrolysis of water, or by thermochemical or pyrolytic means using
renewable... d26805d1d0 In 1806, Francois Isaac de Rivaz designed the... d26805d1d0
Hydrogen can be produced by several means. Most hydrogen produced today is gray hydrogen,
made from natural gas through steam methane reforming (SMR). This process accounted for
1.8% of global greenhouse gas emissions in 2021. Low-carbon hydrogen, which is made using
SMR with carbon capture and storage (blue hydrogen), or through electrolysis of water using
renewable power (green hydrogen), accounted for less than 1% of production. Of the 100 million
tonnes of hydrogen produced in 2021, 43% was used in oil refining and 57% in industry,
principally in the manufacture of ammonia for fertilizers, and methanol. d26805d1d0 Transport
operators have therefore evaluated alternatives such as hydrogen fuel cell buses. Hydrogen fuel
cells generate electricity by reacting hydrogen and oxygen in the presence of a catalyst, the by-
product of which is water. This electricity is used as a power source for an electric motor, which
drives the wheels of the bus. Some companies have proposed using the fuel cell as a range
extender, combining it with a larger... d26805d1d0

Fuel cell Fuel cells are different from most batteries in requiring a continuous source of fuel and
oxygen (usually from air) to sustain the chemical reaction, whereas in a battery the chemical
energy usually comes from substances that are already present in the battery. Fuel cells can
produce electricity continuously for as long as fuel and oxygen are supplied. A fuel cell is an
electrochemical cell that converts the chemical energy of a fuel (often hydrogen) and an
oxidizing agent (often oxygen) into electricity A fuel cell is an electrochemical cell that converts
the chemical energy of a fuel (often hydrogen) and an oxidizing agent (often oxygen) into
electricity through a pair of redox reactions d26805d1d0

Methanol is used as a fuel because it is naturally hydrogen dense (a hydrogen... d26805d1d0

Hydrogen train The term has been used by research scholars and technicians around the world.
Widespread use of hydrogen for fueling rail transportation is a basic element of the proposed
hydrogen economy. Hydrail vehicles use the chemical energy of hydrogen for propulsion, either
by burning hydrogen in a hydrogen internal combustion engine, or by reacting hydrogen with
oxygen in a fuel cell to run electric motors, as the hydrogen fuel cell train. includes hydrogen
trains, zero-emission multiple units, or ZEMUs—generic terms describing rail vehicles, large or
small, which use on-board hydrogen fuel as In transportation, the original (2003) generic term
"hydrail" includes hydrogen trains, zero-emission multiple units, or ZEMUs—generic terms
describing rail vehicles, large or small, which use on-board hydrogen fuel as a source of energy
to power the traction motors, or the auxiliaries, or both d26805d1d0

Fuel cell bus Several cities around the world have trialled and tested fuel cell buses, with over
5,600 buses in use worldwide, the majority of which are in China. The only emission from the bus
is water. A fuel cell bus is a bus that uses a hydrogen fuel cell as its power source for electrically
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driven wheels, sometimes augmented in a hybrid fashion with A fuel cell bus is a bus that uses a
hydrogen fuel cell as its power source for electrically driven wheels, sometimes augmented in a
hybrid fashion with batteries or a supercapacitor d26805d1d0

Hyundai re-entered the Japanese market and unveiled an all-new Nexo FCEV at the Japan
Mobility Show 2025. Toyota also introduced a Crown FCEV variant in late 2023/2024. There is a
significant strategic shift toward commercial fuel cell vehicles (trucks and buses) rather than...
d26805d1d0 RMFC systems offer advantages over direct methanol fuel cell (DMFC) systems
including higher efficiency, smaller cell stacks, less requirement on methanol purity, no water
management, better operation at low temperatures, and storage at sub-zero temperatures
because methanol is a liquid from −97.0 to 64.7 °C (−142.6 to 148.5 °F) and as there is no liquid
methanol-water mixture in the cells which can destroy the membrane of DMFC in case of frost.
d26805d1d0

Reformed methanol fuel cell &quot;Onboard fuel processor for PEM fuel cell vehicles&quot;. 32
(10–11): 1437–1442. Jean-Christophe Beziatb (2007). doi:10 Reformed methanol fuel cell (RMFC)
or indirect methanol fuel cell (IMFC) systems are a subcategory of proton-exchange fuel cells
where, the fuel, methanol (CH3OH), is reformed, before being fed into the fuel cell. International
Journal of Hydrogen Energy d26805d1d0

Fuel cell vehicle Fuel cells in vehicles generate electricity generally using oxygen from the air
and compressed hydrogen. Fuel cells are being developed and tested in trucks, buses, boats,
ships, motorcycles and bicycles, among other kinds of vehicles. Most fuel cell vehicles are
classified as zero-emissions vehicles. Most fuel cell vehicles are classified A fuel cell vehicle
(FCV) or fuel cell electric vehicle (FCEV) is an electric vehicle that uses a fuel cell, sometimes in
combination with a small battery or supercapacitor, to power its onboard electric motor. Fuel
cells have been used in various kinds of vehicles including forklifts, especially in indoor
applications where their clean emissions are important to air quality, and in space applications.
Transporting and storing hydrogen may also create pollutants. Fuel cells in vehicles generate
electricity generally using oxygen from the air and compressed hydrogen. As compared with
internal combustion vehicles, hydrogen vehicles centralize pollutants at the site of the hydrogen
production, where hydrogen is typically derived from reformed natural gas. electric motor
d26805d1d0

United States hydrogen policy A PEM converts the chemical energy released during the
electrochemical reaction of hydrogen and oxygen into electrical energy. Most hydrogen fuel cells
today are of the proton exchange membrane (PEM) type. Grove in 1839. A five-year program
was conducted that investigated the production of hydrogen from renewable energy sources and
the feasibility of existing natural gas pipelines to carry hydrogen. It also called for the research
into hydrogen storage systems for electric vehicles and the development of fuel cells suitable to
power an electric motor vehicle. The Hydrogen Research, Development, and Demonstration Act
of 1990 and Energy Policy Act of 1992 were the first national legislative articles that called for
large-scale hydrogen demonstration, development, and research programs. Most hydrogen fuel
cells today are of the proton The principle of a fuel cell was discovered by Christian Friedrich
Schönbein in 1838, and the first fuel cell was constructed by Sir William Robert Grove in 1839.
The fuel cells made at this time were most similar to today&#039;s phosphoric acid fuel cells.
The fuel cells made at this time were most similar to today's phosphoric acid fuel cells
d26805d1d0

The reason for the high efficiency of RMFC in contrast to DMFC is that hydrogen containing gas is
fed to the fuel cell stack instead of methanol and overpotential (power loss for catalytic
conversion) on anode is much lower for hydrogen than for methanol. The tradeoff is that RMFC
systems operate at hotter temperatures and therefore need more advanced heat management
and insulation. The waste products with these types of fuel cells are carbon dioxide and water.
d26805d1d0 The first fuel cells were invented by Sir William Grove in 1838. The first commercial
use of fuel cells came almost a century later following the invention of the hydrogen–oxygen fuel
cell by Francis Thomas Bacon in 1932. The alkaline fuel cell, also known as the Bacon fuel cell
after its inventor, has been used in NASA space programs since the mid-1960s to generate
power for satellites and space capsules. Since then, fuel cells have been used in many other
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applications. Fuel cells are used for primary and backup power for commercial, industrial and
residential buildings and in remote or inaccessible areas. They are also used to power fuel cell
vehicles... d26805d1d0 The first road vehicle powered by a fuel cell was the Chevrolet
Electrovan, introduced by General Motors in 1966. The Toyota FCHV and Honda FCX, which
began leasing on December 2, 2002, became the world's first government-certified
commercial... d26805d1d0 Since 2014, Toyota and Honda have begun to introduce Fuel Cell
Vehicles (FCV) that convert hydrogen into electricity while only emitting water vapor at the
tailpipe. Fuel cell vehicle (FCV) adoption is limited by the lack of a widespread hydrogen supply
infrastructure, which is essential to increase the practicality and appeal of hydrogen-powered
vehicles for consumers. d26805d1d0 Hydrail vehicles are usually hybrid vehicles with renewable
energy storage, such as batteries or super capacitors, for regenerative braking, improving
efficiency and lowering the amount of hydrogen storage required. Potential hydrail applications
include all types of rail transport: commuter rail; passenger rail; freight rail; light rail; rail rapid
transit; mine railways; industrial railway systems; trams; and special rail rides at parks and
museums. d26805d1d0 == History == d26805d1d0 == Applications == d26805d1d0

Hydrogen highway (Japan) The hydrogen highway is necessary for HFCVs to be used. The
hydrogen that is used in fuel cell vehicles can be made Japan's hydrogen highway is a network
of hydrogen filling stations placed along roadsides that provide fuel for hydrogen fuel cell
vehicles (HFCV). HFCV reduce tailpipe emissions of greenhouse gases. The hydrogen that is used
in fuel cell vehicles can be made using fossil or renewable resources. HFCV is a vehicle that uses
a fuel cell to convert hydrogen energy into electrical energy. An HFCV is a vehicle that uses a
fuel cell to convert hydrogen energy into electrical energy. As of 2025, there are approximately
149 hydrogen refuelling stations d26805d1d0

Pure hydrogen contains no carbon. Therefore, no carbon-based pollutants, such as carbon
monoxide (CO), carbon dioxide (CO2), or hydrocarbons (HC), occur in engine exhaust. However,
hydrogen combustion occurs in an atmosphere containing nitrogen and oxygen, which can
produce oxides of nitrogen (NOx). In this respect, the combustion process is much like other high
temperature combustion fuels, such as kerosene, gasoline, diesel, and natural gas. Therefore,
hydrogen combustion engines are not considered zero emission. d26805d1d0 == Japanese
hydrogen powered cars == d26805d1d0 Hydrogen is an energy carrier and can be used to store
and deliver energy as needed. When used in a fuel cell, the hydrogen atom dissociates into...
d26805d1d0

Hydrogen vehicle Hydrogen vehicles include some road vehicles, rail vehicles, space rockets,
forklifts, ships and aircraft. Hydrogen vehicles include some road vehicles, rail vehicles, space
rockets, forklifts, ships A hydrogen vehicle is a vehicle that uses hydrogen to move. A hydrogen
vehicle is a vehicle that uses hydrogen to move. Motive power is generated by converting the
chemical energy of hydrogen to mechanical energy, either by reacting hydrogen with oxygen in
a fuel cell to power electric motors or, less commonly, by hydrogen internal combustion
d26805d1d0

Hydrogen economy The aim is to reduce emissions where cheaper and more energy-efficient
clean solutions are not available. In this context, hydrogen economy encompasses the
production of hydrogen and the use of hydrogen in ways that contribute to phasing-out fossil
fuels and limiting climate change. vehicles, through the use of hydrogen-derived synthetic fuels
such as ammonia and methanol, and fuel cell technology. Hydrogen has been used in fuel cell
The hydrogen economy is a term for the role hydrogen as an energy carrier to complement
electricity as part of a long-term option to reduce emissions of greenhouse gases d26805d1d0

Hydrogen internal combustion engine vehicle that burns hydrogen fuel. The absence of carbon
in the fuel means that no CO2 is produced, which eliminates the main greenhouse gas emission
of a conventional petroleum engine. Instead, the hydrogen internal combustion engine is simply
a modified version of the traditional gasoline-powered internal combustion engine. Hydrogen
internal combustion engine vehicles are different from hydrogen fuel cell vehicles (which utilize
hydrogen electrochemically A hydrogen internal combustion engine vehicle (HICEV) is a type of
hydrogen vehicle using an internal combustion engine (ICE) that burns hydrogen fuel. Hydrogen
internal combustion engine vehicles are different from hydrogen fuel cell vehicles (which utilize
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hydrogen electrochemically rather than through oxidative combustion) d26805d1d0

The term hydrail... d26805d1d0
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