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The role of green hydrogen in the 
energy transition

The electrification of final consumption, using energy from renewable sources, already 
represents the cheapest and most efficient way to decarbonize sectors such as transport, 
domestic heating, various industrial uses, and manufacturing processes. However, there are 
sectors where direct electrification struggles to penetrate due to physical or technological 
reasons, the so-called “hard to abate” sectors such as steel mills, worldwide shipping and 
aviation. In these cases, hydrogen represents the best complement to electrification as a 
decarbonization solution since it does not produce carbon dioxide emissions during its use 
and is the basic feedstock to produce renewable synfuels.

Nonetheless, hydrogen production processes are not all the same in terms of their effects on 
the environment. Currently, more than 99% of the hydrogen produced is derived from fossil fuels 
(Grey and Brown Hydrogen), with significant carbon dioxide emissions along the entire supply 
chain. In the production of hydrogen from renewable sources, however, there is no generation of 
greenhouse gas emissions: this is why it is considered the only hydrogen that is truly sustainable.

Substituting Grey and Brown Hydrogen with Green Hydrogen will in itself be the first and 
best use of the Green Hydrogen technology.

We believe that the best complement to electrification to achieve full decarbonization is green 
hydrogen, strictly produced from 100% renewable sources. Its production requires rather simple 
systems, it supports a decentralized and more flexible energy model, and it has no critical 
impacts on health, safety, and the environment. However, we need to start working now to make 
green hydrogen economically competitive with respect to hydrogen produced from fossil fuels.

As one of the largest and fastest growing renewable energy producers we are committed 
to testing at an international level, from Chile to Italy, new models and innovative solutions 
capable of reducing the costs of the electrolyzers used to produce green hydrogen and 
promote the development of an economy of scale. We want to do this by working together 
with our partners, our technology suppliers, startups, and anyone who develops ideas and 
technologies that point in our same direction, according to an open and collaborative model.
 
Many countries are publishing ambitious hydrogen strategies with their visions for 
the future. These will establish regulatory frameworks which, we hope, will allow the 
development of green hydrogen in the “hard to abate” sectors through a distributed 
production model. This would have a double benefit: on the one hand, hydrogen is 
produced where its decarbonization potential can be fully exploited, on the other hand it 
relies on the electricity grid to directly feed electrolyzers on-site with renewable energy. 
This would  minimize the risk of investing massively in assets, such as new gas pipelines or 
retrofitting existing infrastructures, even before a demand and a market are well defined.
 
We also think that regulatory frameworks under developments around the world should 
identify a rigorous taxonomy of the various production methods signaling to final users 
the real value of green hydrogen and guiding governments in their policy choices.

Francesco Starace
CEO & General Manager Enel Group
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GREEN HYDROGEN 

ELECTRIFICATION

LONG HAUL
SHIP

POWERTRAIN

IF ELECTRIFICATION
IS NOT

POSSIBLE

Green hydrogen and electrification: what is the most efficient 
solution to decarbonize final energy uses

TRANSPORT BUILDINGS

HARD 
TO ABATE 
SECTORS

COLD
IRONING1

INDUSTRY

TRANSPORT
• Road transport: electric powertrains are more efficient, have a better environmental 
  performance and are more convenient than their hydrogen counterparts.
• Shipping: cold ironing represents a ready and proven solution 
  for electrification of energy needs of moored ships. In upcoming years, 
  green hydrogen might become an effective solution for long haul shipping.
• Railways: electrification represents the ideal solution unless it is not 
  achievable due to the line’s physical logistics or expense factors 
  with green hydrogen representing a viable option.
• Aviation: electrification is a long-term opportunity so the decarbonization 
  of this sector can occur through the use of green hydrogen.

BUILDINGS: 
electric heat pumps represent 
the most cost-effective path towards 
the decarbonization of both residential 
and commercial heating since they 
are a more mature market solution 
compared to hydrogen boilers.

INDUSTRIAL PROCESSES: 
electrification is key to 
decarbonize the industrial sector, 
with green hydrogen representing 
a viable option for the so-called 
“hard to abate” sectors.

Electrification, if possible, 
represents the most 
efficient solution to
decarbonize all three
sectors of energy 
consumption.

1) Cold ironing is the process of providing shoreside electrical power to a ship at berth while its main and auxiliary engines are turned off.
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GREEN HYDROGEN: 
THE DECARBONIZATION 
SOLUTION FOR INDUSTRY,
AVIATION AND SHIPPING
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BROWN
25 kg of CO2 

emitted 
obtained 

from  the gasification 
of coal.

PINK
nuclear waste 

obtained from the electrolysis 
of water powered by 

nuclear  energy.  It has a strong  
environmental impact  

due to the production of 
nuclear waste, even if  
it does not emit CO2.

GREY
 11 kg of CO2 

emitted   
produced by  the steam 
reforming of natural gas.

BLUE
11-13  kg of CO2 

generated
3-6 kg of CO2emitted  

obtained with the same  method 
that is used for  grey hydrogen, 

but with the  partial capture, 
transport  and storage of CO2.

GREEN
zero CO2 
emissions   

obtained from the  electrolysis 
of water powered  by 

renewable energy.

How can hydrogen be produced without having an impact on the environment?

CO2 emissions figures source: IEA and BNEF
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Hydrogen today derives from fossil fuels but it is turning green 
to meet tomorrow’s decarbonization goals

FEEDSTOCK FOR SOME  
INDUSTRIAL PROCESSES

HARD-TO-ABATE SECTORS

Today it is mainly used 
for refining and producing 
ammonia and fertilisers.

Decarbonization goals and 
technological improvements 
will enhance the crucial role 
of hydrogen as a complement 
to electrification.

165 Mt
>2x  possible growth 
in hydrogen production to 
reach net-zero emissions.

75 Mt
Dedicated production 
of hydrogen in 2020.

900 Mt CO2 0 Mt CO2
The dominance of fossil fuels 
has made H2 production 
responsible for 2.5% 
of global CO2 emissions 
in energy and industry.

Only Green Hydrogen is 
fully zero-impact, without 
polluting emissions and 
without consuming fossil 
natural resources.

165 Mt

TODAY

75 Mt

GREY
42.5

BROWN
20.4

BLUE
0.7

GREEN
0.1

GREEN
IN 2030

Source: IEA - Global Hydrogen Review 2021
BNEF - New Energy Outlook 2021; Green Scenario
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Why Green Hydrogen is better than Blue?
ZERO EMISSIONS 

CHEAPEST 
OPTION ALREADY 

IN 2030

DECENTRALIZED 
AND MORE 
FLEXIBLE MODEL 

ESTABLISHED TECHNOLOGY WITH 
SIMPLE PLANT CONFIGURATION

NO CRITICAL HEALTH, 
SAFETY AND ENVIRONMENT IMPACTS


