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GREEN HYDROGEN 
THE FULL-SYSTEM CARBON FOOTPRINT AND ECONOMICS

Green hydrogen is produced by electrolyzing water using low-carbon electricity generated 
by renewables or, more controversially, nuclear energy. Besides producing molecules of 
hydrogen, the principal byproduct in the making of green hydrogen is oxygen. While today 
green hydrogen is expensive to produce, the falling cost of renewable energy and improved 
electrolyzers are expected over time to make it cost-competitive with other fuels. For those 
reasons, long term, it is the most environmentally friendly approach to producing low-
carbon hydrogen.

But that’s not necessarily the case over the medium term. As previously mentioned, if 
green electricity is diverted from the grid for hydrogen production, then this has its own 
environmental implications. In cases where baseload electricity is taken from the electricity 
grid and used to produce hydrogen, this electricity will need to be replaced by incremental 
power generation. Given that existing renewables are already running at full power, 
the incremental power typically needs to be produced from either natural gas-powered 
generation or — in many markets including advanced economies like Germany and China — 
coal, the most carbon-intensive of all the fossil fuels.

Exhibit 
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Exhibit 1: Schematic — why green hydrogen can be more carbon intensive than gray
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Green hydrogen appears to be economically inefficient, since its production requires 
electricity, a high-value product, to make a generally lower-value product, hydrogen. For 
example, markets currently indicate prices of around $170 per MWh for electricity and $70 
per MWh for natural gas in Europe in 2025. Once the cost of the electrolyzer conversion 
is factored in, converting grid electricity to green hydrogen results in a hydrogen cost of 
around $245 per MWh (Exhibit 2), compared to gray hydrogen at around $120 per MWh. 
Using green hydrogen at $245 per MWh to replace natural gas (at $70 per MWh) is even 
less efficient. This is also the case when looking at prices that prevailed before the current 
energy crisis.

A standalone green hydrogen plant taking electricity from an offshore wind farm can 
produce green hydrogen for a total cost of around $130 per MWh, considerably cheaper than 
green hydrogen from the grid. However, this effectively relies on the windfarm selling the 
electricity to the electrolyzer at around $60 per MWh, which is not a logical choice when the 
alternative is to sell the electricity to the grid at $170 per MWh.
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More battery storage. The growth in lithium-ion batteries offers a far more economical 
solution for any renewable oversupply than green hydrogen production for short-periods 
of oversupply, with only about a 15% efficiency loss and a lower capital cost per megawatt 
than an electrolyzer. With battery costs falling rapidly, their deployment is expected to scale 
rapidly, allowing their economic use case to extend into longer periods of oversupply.

Battery research and development. Alternative battery technology is receiving significant 
research and development investment, encouraging the development of longer-duration 
batteries, such as flow batteries, and creating competition with green hydrogen for excess 
renewable electricity.

Taken together, these trends suggest that the potential of truly green hydrogen over the 
next two decades may be lower than believed. Given these challenges, we need to look more 
seriously at blue hydrogen to fill the gap in the meantime.

BLUE HYDROGEN 
THE FULL-SYSTEM CARBON FOOTPRINT AND ECONOMICS

Blue hydrogen is produced by reformation of natural gas. This is accomplished by heating 
natural gas to high temperatures using steam methane reformation or auto thermal 
reformation to convert it into hydrogen and carbon dioxide. The concentrated CO2 is then 
captured and stored. Typically, the heat to drive the process is also produced using natural 
gas, creating a secondary, more dilute CO2 stream. A capture efficiency for both streams of 
about 90% is achievable.
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Exhibit 3 shows the relative greenhouse gas emissions levels of green vs. blue hydrogen at 
differing fugitive emission level assumptions. The 3.4% appears a rather high estimate as to 
the long-term level of fugitive emissions from gas production. For example, the Oil and Gas 
Climate Initiative, a CEO-led council of 12 leading oil and gas producers that support the 2015 
Paris Agreement targets, reported 0.2% of fugitive emissions in 20203. As demonstrated 
in Exhibit 3, the carbon footprints of both green and blue hydrogen are highly sensitive to 
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