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Types of Hydrogen Generation – the “Rainbow”

Grey Hydrogen
Hydrogen produced from natural gas via a process called steam methane 
reformation (SMR), without carbon capture. 95% of hydrogen produced today is grey 
hydrogen.

Blue Hydrogen Hydrogen produced from natural gas via SMR, but with carbon capture deployed 
during the process to capture production-related carbon emissions. 

Turquoise Hydrogen Hydrogen produced by splitting natural gas into methane, hydrogen, and solid 
carbon black. 

Gold or Orange Hydrogen Produced by pumping a mix of CO2 and microbes into depleted oil wells, paired with 
carbon capture. 

Green Hydrogen

Hydrogen produced via a process called electrolysis, in which an electric current is 
run through water to separate the hydrogen and oxygen molecules. If that electricity 
comes from renewable energy, the hydrogen is considered green. There are no 
carbon emissions associated with this process .

Pink Hydrogen Hydrogen produced via electrolysis, but the electrolyzer is powered by nuclear 
energy. 

White Hydrogen Naturally occurring hydrogen found in underground deposits. 
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Why Defining Green Hydrogen is Important
• Green hydrogen, blue hydrogen, and more recently, gold/orange hydrogen, are

often conflated under the umbrella term “clean hydrogen.” 
• However, only green hydrogen produced via renewable-powered electrolysis is 

truly carbon-free. 
• This definition is even more important now because of recently released draft 

guidance by the Treasury for the 45V Clean Hydrogen Production Tax Credit. 
• 45V is a tiered incentive based on CO2-equivalent emissions. Carbon-free 

hydrogen is eligible for a $3.00/kgH2 credit. 
• To be eligible for the highest tier of the 45V credit, hydrogen projects must 

demonstrate: 
– Temporal matching: every hour of electrolytic production is matched by an hour of 

renewable energy production using Energy Attribute Certificates (EACs). 
– Additionality: hydrogen production must be powered by new renewable energy resources, 

built within three years of the hydrogen facility, not existing ones. 
– Localized production: renewable energy resources must be located within the same region 

as the hydrogen production facility. 
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https://www.federalregister.gov/documents/2023/12/26/2023-28359/section-45v-credit-for-production-of-clean-hydrogen-section-48a15-election-to-treat-clean-hydrogen


Availability of Green Hydrogen
• Without 45V, a green hydrogen 

production facility is unlikely to be 
financially viable in the next 10 years, 
due to: 

• Efficiency: Electrolyzers are very 
inefficient. 65-70% of the renewable 
energy put into the electrolysis 
process is lost. 

• Scale: To minimize start-up and shut-
down energy losses, electrolyzers 
must be run nearly constantly. 

• Supply Chain: Although efforts are 
underway to increase the availability 
of electrolyzers, they remain scarce 
and expensive. 

Source: Center on Global Energy Policy
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https://www.energypolicy.columbia.edu/demystifying-electrolyzer-production-costs/
https://www.energypolicy.columbia.edu/demystifying-electrolyzer-production-costs/
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Cost Considerations
• Electrolysis Inputs: Running a 1 GW hydrogen capable combined cycle plant on 

75% percent hydrogen (as outlined in the Nov 2023 Resource Generation Plan 
Update), would require approximately 1,591.3 MW of new renewable generation. It 
would require approximately 1,127,699 gallons of water per day.1 

• Transportation: Hydrogen is an extremely difficult fuel to transport safely. If run
through steel pipelines, it will cause cracks via a process called embrittlement. All 
hydrogen pipelines also need additional compressor stations compared to natural 
gas pipelines. Due to these considerations, hydrogen pipelines can cost up to 68 
percent more than natural gas pipelines to build. Existing natural gas pipelines 
cannot safely transport high blends of hydrogen. 

• Hydrogen-Capable Turbine: 1 GW OCAPS 2x1 hydrogen capable combined cycle 
turbine proposed at Entergy project in Orange County – hydrogen component is 
estimated at $91 million. The PUC also stated in January 2023 that Entergy did not
meet the burden of proof for demonstrating the reliability or affordability of 
hydrogen co-firing. 

1 Estimates are based  on a GE 7HA.02 hydrogen capable combined cycle turbine configured as a 2x1 combined cycle, assuming 6,549 annual operating hours at a 75% hydrogen, 25% 
natural gas fuel mix, using GE’s Hydrogen and CO2 Emissions Calculator
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https://services.austintexas.gov/edims/document.cfm?id=418911
https://services.austintexas.gov/edims/document.cfm?id=418911
https://www.sciencedirect.com/science/article/abs/pii/S036031991501575X?via%3Dihub
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https://www.powermag.com/entergy-picks-epc-team-for-massive-hydrogen-capable-ccgt-project-in-texas/
https://www.powermag.com/entergy-picks-epc-team-for-massive-hydrogen-capable-ccgt-project-in-texas/
https://interchange.puc.texas.gov/Documents/52487_517_1264232.PDF
https://www.ge.com/gas-power/future-of-energy/hydrogen-fueled-gas-turbines/hydrogen-calculator


Green Hydrogen and Decarbonization
• Leakage: Hydrogen is a small molecule that is extremely prone to leakage; in fact, 

equipment sensitive enough to capture hydrogen leaks at lower levels does not 
currently exist. 

• Indirect Global Warming: Once hydrogen is leaked into the atmosphere, it 
prolongs the lifetime of methane in the atmosphere, thus contributing to 
significant short-term warming. In the first 20 years of its atmospheric lifetime, 
hydrogen produces 35x the climate warming impacts of CO2. 

• Blending and Emissions: Due to its propensity for leakage and indirect global
warming impact, one analysis by Argonne National Lab found that combusting a 
30 percent blend of hydrogen with natural gas would only yield a modest 6 
percent decrease in lifecycle greenhouse gas emissions. This was in part because 
transporting a 30 percent blend of hydrogen could double leakage from 
transmission lines. This leakage rate only increases as the percentage of hydrogen 
increases. 
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https://www.nature.com/articles/s43247-023-00857-8
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/natural-gas/102723-hydrogen-blending-in-gas-pipelines-faces-limits-due-to-leakage-us-doe-lab


Additional Drawbacks
• Increased Emissions: When combusted, hydrogen produces 6x as much of the 

harmful air pollutant nitrogen oxide (NOx) as methane. While hydrogen capable 
turbines can mitigate these emissions better than existing natural gas turbines, 
the NOx emissions remain at best at the same levels as that of a newer natural gas 
plant. We know that nearby communities already face adverse health impacts 
from NOx emissions at these levels. 

• Winter Reliability: A hydrogen capable turbine is essentially a new fossil gas plant. 
These plants are exceptionally vulnerable to climate risk, particularly from severe 
weather events.  This was demonstrated by the rolling blackouts caused by 
cascading power plant failures during Winter Storm Uri in 2021. In addition, there 
is currently no data on how electrolyzers perform during severe weather conditions, 
including winter storms.

• Water Scarcity: Electrolysis requires approximately 1 ton of purified water per ton 
of hydrogen produced; coupled with climate induced droughts, the introduction
of a new source of high-water demand in the Austin area could deplete existing
water tables and lead to water scarcity. 
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https://www.sciencedirect.com/science/article/abs/pii/S0360319917319791
https://www.sciencedirect.com/science/article/abs/pii/S0360319917319791
https://doi.org/10.1088/2752-5309/acc886
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https://www.ucsusa.org/resources/gas-malfunction
https://pubs.rsc.org/en/content/articlelanding/2022/EE/D2EE01023B#cit99


Consider a “Least-Regret” Framework
• Hydrogen should only be considered a 

potentially viable option if: 
• There are no other low-cost 

decarbonization strategies available;
• There are no electric technologies being 

developed that could take advantage of 
zero-emission technology directly; 

• The logistics and costs of infrastructure 
for hydrogen transportation and storage 
can be contained; 

• Technologies for using hydrogen fuel in 
the sector are or will be available; and 

• Transitioning to hydrogen could 
measurably reduce air pollution. 

• Least regret uses of green hydrogen could 
include high-heat industrial uses, maritime 
shipping, and aviation. 
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https://earthjustice.org/wp-content/uploads/hydrogen_earthjustice_2021.pdf
https://earthjustice.org/wp-content/uploads/hydrogen_earthjustice_2021.pdf


Further Reading and Resources 

• Hydrogen’s Global Warming 
Impacts

• Blue and Green Hydrogen 
Production: Potential Harms 
& Global Warming Impacts

• Hydrogen Areas of Concern
• Safety of Hydrogen 

Transportation by Gas 
Pipelines

• Reclaiming Hydrogen for a 
Renewable Future

Abbe Ramanan
Project Director
Clean Energy Group 
Abbe@cleanegroup.org 

Thank you! For additional 
questions, please email: 
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https://www.cleanegroup.org/publication/hydrogens-global-warming-impacts/
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