
 

What is hydrogen, and can it really become a
climate solution?
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Hydrogen, or H₂, is getting a lot of attention lately as governments in the
U.S., Canada and Europe push to cut their greenhouse gas emissions.

But what exactly is H₂, and is it really a clean power source?

I specialize in researching and developing H₂ production techniques.
Here are some key facts about this versatile chemical that could play a
much larger role in our lives in the future.

So, what is hydrogen?
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https://www.whitehouse.gov/wp-content/uploads/2023/04/US-National-Innovation-Pathway.pdf
https://und.edu/directory/johannes.vanderwatt


 

Hydrogen is the most abundant element in the universe, but because it's
so reactive, it isn't found on its own in nature. Instead, it is typically
bound to other atoms and molecules in water, natural gas, coal and even
biological matter like plants and human bodies.

Hydrogen can be isolated, however. And on its own, the H₂ molecule
packs a heavy punch as a highly effective energy carrier.

It is already used in industry to manufacture ammonia, methanol and 
steel and in refining crude oil. As a fuel, it can store energy and reduce
emissions from vehicles, including buses and cargo ships.

Hydrogen can also be used to generate electricity with lower greenhouse
gas emissions than coal or natural gas power plants. That potential is
getting more attention as the U.S. government prepares new rules that
would require existing power plants to cut their carbon dioxide emissions
.

Because it can be stored, H₂ could help overcome intermittency issues
associated with renewable power sources like wind and solar. It can also
be blended with natural gas in existing power plants to reduce the plant's
emissions.

Using hydrogen in power plants can reduce carbon dioxide emissions
when either blended or alone in specialized turbines, or in fuel cells,
which consume H₂ and oxygen, or O₂, to produce electricity, heat and
water. But it's typically not entirely CO₂-free. That's in part because
isolating H₂ from water or natural gas takes a lot of energy.
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https://www.eia.gov/energyexplained/hydrogen/
https://doi.org/10.1038/nchem.2186
https://techxplore.com/tags/natural+gas/
https://www.fchea.org/hydrogen-in-industrial-applications
https://www.acs.org/molecule-of-the-week/archive/a/ammonia.html
https://www.acs.org/molecule-of-the-week/archive/m/methanol.html
https://www.fchea.org/transitions/2022/3/14/hydrogen-in-steel-making-update
https://www.eia.gov/todayinenergy/detail.php?id=24612
https://techxplore.com/tags/power+plants/
https://www.reuters.com/business/sustainable-business/biden-epa-issue-power-plant-rules-that-lean-carbon-capture-2023-04-23/
https://techxplore.com/tags/carbon+dioxide+emissions/
https://techxplore.com/tags/carbon+dioxide/
https://solutions.mhi.com/power/decarbonization-technology/hydrogen-gas-turbine/
https://www.energy.gov/eere/fuelcells/fuel-cells


 

  

The largest share of hydrogen today is made from natural gas, meaning methane,
which is a potent greenhouse gas. Credit: IRENA (2020), Green Hydrogen: A
guide to policymaking

How is hydrogen produced?

There are a few common ways to produce H₂:

Electrolysis can isolate hydrogen by splitting water—H₂O—into
H₂ and O₂ using an electric current.

Methane reforming uses steam to split methane, or CH₄, into H₂
and CO₂. Oxygen and steam or CO₂ can also be used for this
splitting process.

Gasification transforms hydrocarbon-based materials—including
biomass, coal or even municipal waste—into synthesis gas, an
H₂-rich gas that can be used as a fuel either on its own or as a
precursor for producing chemicals and liquid fuels.
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https://www.britannica.com/science/electrolysis
https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/intro-to-gasification
https://netl.doe.gov/research/coal/energy-systems/gasification/gasifipedia/biomass
https://netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/biomass-msw


 

Each has benefits and drawbacks.

Green, blue, gray—what do the colors mean?

Hydrogen is often described by colors to indicate how clean, or
CO₂-free, it is. The cleanest is green hydrogen.

Green H₂ is produced using electrolysis powered by renewable energy
sources, such as wind, solar or hydropower. While green hydrogen is
completely CO₂-free, it is costly, at around US$4-$9 per kilogram
($2-$4 per pound) because of the high energy required to split water.

Other less energy-intensive techniques can produce H₂ at a lower cost,
but they still emit greenhouse gases.
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https://www.weforum.org/agenda/2021/07/clean-energy-green-hydrogen/
https://www.weforum.org/agenda/2021/07/clean-energy-green-hydrogen/
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://techxplore.com/tags/high+energy/


 

Gray H₂ is the most common type of hydrogen. It is made from natural
gas through methane reforming. This process releases carbon dioxide
into the atmosphere and costs around $1-$2.50 per kilogram (50
cents-$1 per pound).

If gray hydrogen's CO₂ emissions are captured and locked away so they
aren't released into the atmosphere, it can become blue hydrogen. The
costs are higher, at around $1.50-$3 per kilogram (70 cents-$1.50 per
pound) to produce, and greenhouse gas emissions can still escape when
the natural gas is produced and transported.

Another alternative is turquoise hydrogen, produced using both
renewable and nonrenewable resources. Renewable resources provide 
clean energy to convert methane—CH₄—into H₂ and solid carbon, rather
than that carbon dioxide that must be captured and stored. This type of 
pyrolysis technology is still new, and is estimated to cost between $1.60
and $2.80 per kilogram (70 cents-$1.30 per pound).

Can we switch off the lights on fossil fuels now?

Over 95% of the H₂ produced in the U.S. today is gray hydrogen made
with natural gas, which still emits greenhouse gases.

Whether H₂ can ramp up as a natural gas alternative for the power
industry and other uses, such as for transportation, heating and industrial
processes, will depend on the availability of low-cost renewable energy
for electrolysis to generate green H₂.

It will also depend on the development and expansion of pipelines and
other infrastructure to efficiently store, transport and dispense H₂.

Without the infrastructure, H₂ use won't grow quickly. It's a modern-day
version of "Which came first, the chicken or the egg?" Continued use of 
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https://www.weforum.org/agenda/2021/07/clean-energy-green-hydrogen/
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://www.weforum.org/agenda/2021/07/clean-energy-green-hydrogen/
https://iea.blob.core.windows.net/assets/c5bc75b1-9e4d-460d-9056-6e8e626a11c4/GlobalHydrogenReview2022.pdf
https://energypost.eu/clean-turquoise-hydrogen-a-pathway-to-commercial-readiness
https://techxplore.com/tags/clean+energy/
https://www.ceew.in/sites/default/files/ceew-research-on-natural-gas-pyrolysis-for-low-carbon-and-clean-green-hydrogen-production-india.pdf
https://pubs.acs.org/doi/10.1021/acs.iecr.1c01679
https://www.ceew.in/sites/default/files/ceew-research-on-natural-gas-pyrolysis-for-low-carbon-and-clean-green-hydrogen-production-india.pdf
https://www.ceew.in/sites/default/files/ceew-research-on-natural-gas-pyrolysis-for-low-carbon-and-clean-green-hydrogen-production-india.pdf
https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://techxplore.com/tags/industrial+processes/
https://techxplore.com/tags/industrial+processes/
https://www.energy.gov/eere/fuelcells/hydrogen-delivery
https://www.energy.gov/eere/fuelcells/hydrogen-delivery


 

fossil fuels for H₂ production could spur investment in H₂ infrastructure,
but using fossil fuels releases greenhouse gases.

What does the future hold for hydrogen?

Although green and blue hydrogen projects are emerging, they are small
so far.

Policies like Europe's greenhouse gas emissions limits and the 2022 U.S.
Inflation Reduction Act, which offers tax credits up to $3 per kilogram
($1.36 per pound) of H₂, could help make cleaner hydrogen more
competitive.

Hydrogen demand is projected to increase up to two to four times its
current level by 2050. For that to be green H₂ would require significant
amounts of renewable energy at the same time that new solar, wind and
other renewable energy power plants are being built to provide
electricity directly to the power sector.

While green hydrogen is a promising trend, it is not the only solution to
meeting the world's energy needs and carbon-free energy goals. A
combination of renewable energy sources and clean H₂, including blue,
green or turquoise, will likely be necessary to meet the world's energy
needs in a sustainable way.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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https://techxplore.com/tags/fossil+fuels/
https://www.shearman.com/en/perspectives/2021/10/hydrogens-present-and-future-in-the-us-energy-sector
https://techxplore.com/tags/greenhouse+gas+emissions/
https://www.ey.com/en_us/energy-resources/3-key-attributes-of-the-us-renewables-landscape
https://www.nrel.gov/news/program/2020/study-shows-abundant-opportunities-for-hydrogen-in-a-future-integrated-energy-system.html
https://techxplore.com/tags/hydrogen/
https://techxplore.com/tags/renewable+energy+sources/
https://theconversation.com
https://theconversation.com/what-is-hydrogen-and-can-it-really-become-a-climate-solution-204513
https://techxplore.com/news/2023-05-hydrogen-climate-solution.html
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