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Business-as-usual  
steam methane 
reformation unit. 
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unabated.

Best Available 
Technology, i.e.  
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with Carbon Capture  
and Storage.

Lowest technically 
achievable CO2  
emissions via fossil  
fuel reformation.

No CO2 is emitted  
during hydrogen 
production.

 H2 Purity C02e kg/kg of H2* Pressure Example Colours

Baseline 99.9% <11.3, >8.0 30 bar Grey Yellow

BAT+ 99.9% <2.88, >1 30 bar Blue (SMR+CCS retrofits)

Low-C 99.9% <1, >0.5 30 bar Blue 
(ATR+CCS),

Turquoise

No-C 99.99% <0.01 30 bar Green Purple

Source: Argus Media 2022

Argus Insight: Hydrogen Taxonomy

This white paper is a follow-up to Hydrogen: awash in colours, in search of definition, released in November 2021.  
We received extensive feedback spanning the supply chain and have made amendments to the proposed taxonomy  
to reflect this.

Building on the premise that hydrogen (H2) categorisation should be by carbon intensity rather than process (colour), 
Argus launched 155 costs of production across the world, sorted by the Scope 1 and 2 emissions associated with their 
production. This offers the market a way to view the evolution of production costs through the prism of carbon dioxide 
(CO2) – the fundamental basis on which the hydrogen economy is based.

The energy transition will be a dance between the elements H2 and CO2 and their respective costs. This interplay and 
expectations of how they develop will shape global policy, industry and supply chains over the next three decades.

Their interconnectedness makes discussing the gas in isolation incoherent. Its rise up political and business agendas 
stems from the externalities of carbon-based energy. As the industry looks to build-out production infrastructure, looking 
at both is crucial. This reality is already becoming clear.

As carbon costs have risen (see figure 1) in 2022, production costs from a new unabated steam methane reformation 
(SMR) plant in Europe have risen above those from producing from that same plant with carbon capture and storage 
facilities attached. This is precisely the outcome envisaged by the scheme.

Executive Summary

From hydrocarbons to hydrogen and carbon 
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Hydrogen Production Cost US$/kg (figure 1)
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Virtue is in the process (not the product) 
Despite being regularly touted as a wonder fuel, there is noth-
ing inherently virtuous about hydrogen. As an element, it is 
rarely found in isolation, requiring liberation from whatever it 
is bonded to, often carbon. To release it, energy is required, 
which is not always green. The liberation process can also 
release CO2 along with H2. Its utility in decarbonisation is 
directly related to the environmental cost of its production. 

As an example, producing H2 by water-based electrolysis and 
renewable energy is CO2-free. But switching the energy source 
to a coal-intensive (China, India) grid would be a more carbon-
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intensive production path than unabated steam reformation or 
coal gasification. 

Recent studies such as Howarth/Jacobson state overall emis-
sions from some hydrogen propositions are not always lower 
than those from existing sources. H2 offers a poor use case, 
where it is less carbon efficient than existing fossil fuels.

As the industry looks to scale production, quantification of 
the overall emissions involved is therefore necessary for hy-
drogen projects to be directly compared with alternative fuels 
and hydrogen produced using different routes.

Colour blind: H(2)azards ahead
A large part of the naming challenge is that hydrogen produc-
tion technology, feedstocks and processes are complex. Not 
only are there many multiple opportunities to switch in lower 
carbon feedstocks (e.g. biomethane for natural gas), but there 
are new energy sources becoming available, such as concen-
trated solar power. Technology can also be applied not just 
to the production process but its outputs too, with carbon 
capture and storage (CCS) being the obvious example.

November 2021

Carbon efficiency: KG of CO2, per 1 KG of H2 
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Executive summary
Hydrogen (H2) as a fuel offers a crucial decarbonisation pathway, emitting no carbon dioxide (CO2) when burned. But while it can 
be produced CO2-free, using renewable energy and water, most existing production routes entail emissions, and lots of them. 

Proper classification of H2 is necessary to assess any relative merit over fossil fuels, as well as the decarbonisation value of H2 
from differing sources. Yet the current naming convention (green, blue, grey) and new prefixes (“clean”, “sustainable”) is at best 
unfit for purpose and at worst misleading. All fail to capture the variable that matters — carbon intensity. 

This definitional quagmire poses obstacles to market development and threatens public confidence. Argus proposes breaking the 
impasse, classifying hydrogen by the amount of carbon generated in its production, not its production route. For a free trial access to Hydrogen and Future Fuels report click here

https://view.argusmedia.com/Argus-Hydrogen-and-Future-Fuels-Information-Request.html
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