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Hydrogen as an environment-friendly fuel 

 

Hydrogen is the first element in the periodic table and derives its name from the Greek words, hydro for "water" 

and genes for "forming," because it combines with oxygen to form water. It is the lightest and most abundant 

element on the earth and comprises 90% of all atoms in the universe. Hydrogen gas (H2) is colourless, 

odourless, tasteless, non-toxic, and non-poisonous. Because it easily combines with other oxygen, nitrogen, 

carbon, and silicon, hydrogen gas (H2) is rarely found on Earth in its pure form. It combines easily in the 

presence of oxygen (O2) to produce water (2H2 + O2 → 2H2O + energy). This combination can be done in two 

ways, through simple combustion to generate heat energy or through the use of fuel cells to produce electrical 

energy. Because water is the only product formed, hydrogen is considered a clean source of energy in contrast 

to burning fossil fuels that produce CO2, and nuclear fission that produces toxic by-products. One of the major 

challenges in the energy transition is to find a substitute for large diesel-powered cargo trucks (18-wheelers in 

North America and similar long-haul massive trucks) and jet fuel powered commercial aircraft where 

conventional batteries are both too heavy and provide insufficient power for the task. For this reason, hydrogen 

can contribute to the energy transition provided it is used in the so far unchartered sectors such as transport, 

building and power generation. We witness the burning of hydrogen during rocket launches where both liquid 

H2 and O2 are used for combustion. Because such a reaction produces heat and light as well as water vapour, 

we see them being released as huge clouds also known as exhaust.  

There are several ways of producing H2. One of the methods we learnt about in school is by passing electricity 

through water at room temperature (electrolysis), which decomposes it into its elements H2, and oxygen (O2). 

High-temperature electrolysis of water can also be carried out and is more efficient. The produced O2 is allowed 

to escape in the atmosphere without any ill effect and H2 is captured for later use. However, the electricity used 

for electrolysis of water can be generated from sources that may not be climate friendly. For example, when 

electricity is generated with generators using hydrocarbons, then the hydrogen produced would be hugely 

carbon intensive. Electricity could also be generated sourcing nuclear reactors, or even using wind or solar 

energy. Such sources are welcome as they are carbon free. 

The method that is commonly used for producing industrial hydrogen is where natural gas is mixed with steam. 

The methane in natural gas reacts with steam at high temperature (700 to 1000oC) under pressure, in the 

presence of a catalyst to produce H2, carbon monoxide (CO) (CH4 + H2O → CO + 3H2), and small quantities of 

CO2. The CO and steam are then further reacted in the presence of a catalyst to produce more CO2 and H2 (CO 

+ H2O → CO2 + H2). The produced H2 is separated from CO2 and utilized, but the latter is released to the 

atmosphere. This process is known as natural gas reforming. 

If the released (CO2) emissions, which result in carbon addition to the atmosphere, can be captured and stored 

underground, then global warming can be prevented.  

Hydrogen (H2) is often labelled by different colours, which has a reference to the method used for its 

production. Most of the hydrogen produced for industrial use (refineries, manufacturing plants, etc.) by way of 

gas reforming is ‘gray’ hydrogen. The production of gray hydrogen results in nine parts of CO2 for one part of 

H2. Black and brown forms are also known, which use bituminous (black), or lignite (brown) coals for producing 

H2. All these forms of H2 are damaging to the environment.  
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Hydrogen as an environment-friendly fuel     - Cont’d 

 

When the carbon generated in the steam reforming process is captured and stored underground by way of 

carbon capture and storage (CCS), H2 is labelled as blue. This form is considered carbon neutral, though some 

critics argue that not all the produced carbon is captured and thus the process should be termed as ‘low 

carbon’. 

The cleanest form of H2 is labelled as green and is produced through electrolysis of water using surplus 

renewable energy sources (solar or wind power) when the electricity production capacity exceeds the current 

demand. 

Like green, pink H2 is produced through electrolysis of water using nuclear energy instead of renewable 

sources. 

When only solar energy is used for water electrolysis, then the produced H2 is labelled as yellow. 

 

 
 

Figure 1: The different colours of hydrogen based on the method of its production. 

 

Finally, turquoise H2 is produced using methane pyrolysis, which produces solid carbon. Pyrolysis refers to 

thermal dissociation in an inert atmosphere, i.e., out of contact with an oxidant (air, oxygen, etc.). This method 

is an emerging alternative to producing clean H2. In this method feedstock methane (from natural gas 

production) is heated out of contact with oxygen (air) to high temperatures, when the methane molecules 

dissociate into H2 and carbon (CH4 → H2 + C). 
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Hydrogen as an environment-friendly fuel     - Cont’d 

 

The solid carbon can be sequestered but has a small market for use in tyres and other rubber products. The 

need for heating methane to high temperature adds to the cost of production, but such costs are expected to 

be lowered using suitable catalysts as the method is used on a large scale. 

Figure 1 summarizes the different colours of H2. 

At present the main challenge to widespread use of H2 is its cost. The cost of green H2 at present is about $5 - 

$6 per kg, which is the most expensive form of H2, and is two or three times more expensive than blue H2. 

According to the International Renewable Energy Agency (IRENA; www.irena.org), the price of green 

production could be between 8 cents/kg to $1.6 /kg in most parts of the world before 2050, which is equivalent 

to gas at $6/MMBtu to $12/MMBtu, making it competitive with the natural gas prices in many countries (Brazil, 

China, India, Germany, etc.). 

Thus, improvement in efficiency and bulk production of water electrolysis, the pyrolysis approach, and looking 

for advanced methods for production of H2 from water, as well as scaling up of such technology to industrial 

levels of production are some of the ways that will need to be enhanced in the near term. 

It could be challenging to introduce green H2 in those countries where electricity is expensive, but in others 

where this is not such a problem, green hydrogen could gradually be adopted.  

Some countries around the world are setting up partnerships for development of H2 technology and how it 

could make a sizeable contribution to energy transition for getting to a future decarbonized world. As most 

countries make plans to reach the legal net zero target by 2050, while it may not be feasible to produce green 

H2 to meet the targets in the short term, but a more optimum scenario could be where blue H2 dominates the 

transition period. The existing oil and gas industry has a key role here for production of blue H2 by way of 

carbon capture utilization and storage. Thus, the future may show us a transition from grey to blue to green 

H2. 

H2  can be stored as a gas or a liquid. It can be stored in gaseous form in large quantities in geologic formations 

such as aquifers, salt, and rock caverns as well as depleted natural gas reservoirs. It can be stored cryogenically 

as a liquid in high-pressure tanks (5,000-10,000 psi). Liquid boils off back to gas at -252.8oC and storing it at 

this low temperature can be costly. Recent studies show that most natural gas pipelines can be repurposed to 

transport hydrogen; however, because hydrogen is less dense that methane, more and more powerful pumps 

will be needed. Hydrogen also negatively reacts with cracks in metal pipelines, such that more careful pipe 

inspection is needed. 

One significant difference between H2 and the hydrocarbons we have been using is that H2 is not as dense, 

implying that a large volume is required to do a small amount of work. H2 is also a reactive gas in that it burns 

faster than natural gas. For this reason, it cannot be directly used in the burning equipment meant for natural 

gas to abide by safety norms.  

In the interest of progressing toward environmentally sustainable future, cleaner, reliable, and affordable 

energy sources will need to be developed. H2 can play a dominant role in decarbonizing plans that may be 

drawn up by different countries. 
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(Fueling a Toyota hydrogen vehicle in Fountain Valley, California. Credit: Philip Cheung for The New York Times) 

    (Adapted from https://www.nytimes.com/2021/08/12/climate/hydrogen-fuel-natural-gas-pollution.html) 

Though H2-powered automobiles are available in very limited markets at present, they hold the promise to go 

for zero-emission transportation. The limiting factors for buyers are the sparse refueling infrastructure and not 

a variety of hydrogen combustion vehicles to choose from. However, H2 fuel cell vehicles are also in the running 

for vehicles that produce zero emissions. A fuel cell combines hydrogen and oxygen in the presence of an 

electrolyte to produce an electric current. A H2 fuel cell vehicle has compressed H2 in a tank through which it 

flows to a fuel cell system, where it is made to combine with oxygen from the air, when a chemical reaction 

takes place and produces an electric current. H2 fuel cell vehicles create electricity which powers an electric 

motor, and water is the only emission from the process. Such vehicles are relatively lighter than hydrogen or 

gasoline combustion vehicles. One pound of H2 contains three times more energy that a pound of fossil fuel 

but occupies four times more volume to store a unit of energy as liquid H2 than for gasoline (petrol). Also, 

liquid H2 needs high pressure tanks for storage at very low temperatures. However, H2 has the weight 

advantage relative to batteries in long distance trucking. By the turn of this decade, it is expected that H2-

powered vehicles will be seen on the roads and refueling stations a common site around many of the major 

cities of the world. 
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To support clean hydrogen production, recently (August 2022), the US signed the Inflation Reduction Act (IRA) 

into law, whereby $370 billion will be allocated towards climate change and energy transition. The provided 

funding will be used for increasing domestic production of green hydrogen as well as other energy production 

and storage means (nuclear, carbon capture, etc.). An annual investment of $3 billion by 2030 for clean 

H2 production will lower its cost and make it competitive against grey and blue hydrogen for adoption to 

decarbonize industrial sectors. The companies engaged in the production of green H2 will be benefitted 

directly and could be eligible for up to $3 per kg of tax credits.  

Another initiative being taken by the US Department of Energy (DOE) to lower the cost of clean hydrogen and 

enhance its production, is to leverage the country’s existing nuclear power plants, which can provide the heat 

and electricity for electrolysis of water. DOE estimates that a 1,000-megawatt reactor could produce up to 

150,000 tons of clean hydrogen per year. Four nuclear plants have been identified within the country which 

could demonstrate the production of clean hydrogen within the next two years. 

If such tax breaks are adopted and fresh initiatives are undertaken by other countries around the world, it will 

encourage clean H2 production and utilization, leading to lower levels of pollution going ahead. 

- Satinder Chopra and Kurt J. Marfurt 
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