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TYPES OF HYDROGEN
Not all hydrogen is created equal – 

there is an entire rainbow of hydrogen, 
not all of it “clean”.  While the focus 
of our series is green hydrogen, it’s 
helpful to be familiar with other ways 
that hydrogen can be made. (Fig 1).

TYPES OF ELECTROLYSING 
TECHNOLOGY 

Electrolysis of water is the process 
of using electricity to split water into 
hydrogen and oxygen. This reaction 
takes place in electrolysers, devices 
which can range in size up to large-
scale production facilities that can 
be linked to wind and solar farms.

As pure water is not a particularly 
good conductor, electrolysers use 
substances that are able to conduct 
electricity when dissolved in water 
which are known as electrolytes. There 
are different types of electrolysers 
depending on the (i) electrolyte 
materials they use and (ii) temperature 
at which they are operated. 

Low-temperature electrolysis 
technologies are the most developed. 
High-temperature electrolysis is also 
possible but is still in development stage 
and not yet commercially available. The 
hope is that, in due course, it will increase 
conversion efficiency (efficiency being 
measured as the amount of electricity 
required to produce a certain amount 
of hydrogen) and produce synthetic gas 
for use in synthetic liquid fuels. (Fig 2).

This list is by no means exhaustive, 
but we hope it will serve as a helpful 
introduction to the language of hydrogen 
technology. It is also worth noting that 
many of the electrolysis processes above 
do not need to operate solely in large 
industrial installations. Electrolysers 

TECHNOLOGY DESCRIPTION
ALKALINE ELECTROLYSIS (AE) Low-temperature electrolysis that uses a solution composed of water and a liquid 

electrolyte. This method has been in commercial use since the middle of the 20th 
century. With a liquid electrolyte, more peripheral equipment such as pumps for 
the electrolyte, solution washing and preparation are required. So, although it is the 
cheapest to purchase, it has relatively high maintenance costs.

PROTON EXCHANGE MEMBRANE 
(PEM) ELECTROLYSIS 

Low-temperature electrolysis that uses a conductive solid membrane and requires 
no liquid electrolyte. Compared to alkaline electrolysis, PEM electrolysis can react 
more quickly to fluctuations in generation. It is often used for distributed systems 
because the equipment is low-maintenance and delivers high-quality gas. However, 
precious metals such as platinum are often required so it is expensive up front. 

ANION EXCHANGE MEMBRANE 
(AEM) ELECTROLYSIS, ALSO 
KNOWN AS ALKALINE PEM

Newer variant of low-temperature electrolysis which does not use precious metals, 
currently only manufactured by Enapter. 

SOLID OXIDE ELECTROLYSIS (SOE) Some studies posit that H2 production by high temperature steam electrolysis using 
SOEs is competitive to H2 production from fossil fuels at electricity prices below 
€0.02–0.03/kWh, while recognising that “substantial R&D is still required to obtain 
inexpensive, high performing and long-term stable electrolysis cells”.

can be large scale, or they can use the 
modular approach favoured by Enapter.  

Finally, a word about fuel cells. A 
fuel cell generates electricity from an 
electrochemical reaction just like a 
battery but the ‘fuel’ often being referred 
to is hydrogen, e.g. the hydrogen 
produced from electrolysis. The fuel cell 
converts the chemical energy of hydrogen 
into electricity by reacting hydrogen with 
oxygen to form water and as by-product, 
releasing electrons through an external 
circuit as an electric current. Fuel cells 
can produce electricity indefinitely as long 
as the hydrogen and oxygen are supplied. 

DRIVERS OF GROWTH
There are many factors that are 

driving interest in and growth of green 
hydrogen. Many countries have signed 
up to the Paris Agreement and are 
therefore seeking to reduce carbon 
emissions. Their goal is to limit the impact 
of climate change and, more specifically, 
limit global temperature increase to 
1.5 degrees Celsius. Some countries 
have gone even further, with the United 
Kingdom being the first major economy 
to enshrine a net zero emissions 
target into law in June 2019. As the 
United Nations reported in September 
2020, the “number of commitments 
to reach net zero emissions from local 
governments and businesses has 
roughly doubled in less than a year”.

As part of this commitment, many 
governments around the world are 
looking to ban vehicles with internal 
combustion engines in the run up to 
2050. In its Global EV Outlook 2020, 
published in June 2020, the IEA noted 
that “17 countries have announced 
100% zero-emission vehicle targets or 
the phase-out of internal combustion 
engine vehicles through 2050.” The 

report cited France as the first country to 
put this into law in December 2019, with 
a target date of 2040. The UK recently 
(November 2020) increased its ambition, 
bringing forward the target date to 2030.  
As set out by the BBC, “the UK is now in 
second place after Norway, which has a 
fossil fuel vehicle abolition date of 2025”.

Reducing carbon emissions in 
electricity production is, in some ways, 
the easiest part of the puzzle.  Work has 
clearly started toward reducing emissions 
in road transportation, as set out above.  
However, reductions are also needed 
in long haul transportation, heating and 
industry. Hydrogen can play a large role 
here – see below for possible applications. 

APPLICATIONS
There are many existing applications 

for hydrogen technologies, and many 
more industries with vast potential. 
It is an exciting time for stakeholders 
in these industries, whether they are 
transforming and revitalising existing 
businesses, building new business models 
or deploying new hydrogen technologies.  

Current and potential applications 
for hydrogen include:

• As a replacement fuel for oil and gas, 
making use of existing gas pipelines;

• A potential export to boost economies;
• Revitalising industrial ports;
• Fuel for ships, heavy goods 

vehicles and freight;
• Marine transport, both 

shipping and cruise lines;
• Aviation;
• Submarine transport; and
• Storage of “excess” renewable 

energy, e.g. from offshore wind.
The opportunities in these industries are 

exciting, and we look forward to exploring 
them with you in future articles in this series. 
www.wfw.com
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INTRODUCTION
There has been a lot of hype in 

recent years about hydrogen and the 
deployment of hydrogen fuel cells. 
Interest is only increasing as countries 
around the globe look to cut their 
carbon emissions, to re-use existing 
infrastructure where possible, and to 
move away from internal combustion 
engine vehicles. The International 
Energy Association produced a report 
in June 2019 which found that “clean 
hydrogen is currently enjoying 
unprecedented political and business 
momentum, with the number of 
policies and projects around the 
world expanding rapidly”.  It is a call 
to arms, concluding that “now is 
the time to scale up technologies 
and bring down costs to allow 
hydrogen to become widely used”. 

However, hydrogen is not a new 
technology. It has been around for 
a long time: it helped power the first 
internal combustion engines 200 
years ago and since then has become 
a key component of the modern 
refining industry. Current primary 
uses for hydrogen are as a feedstock 
for industrial and chemical processes, 
for example, refining petroleum 
products, methanol or ammonia.  

As set out by the International 
Renewable Energy Agency (IRENA) 
in a September 2019 report, 
these current uses will change, 
there are transferable skills 
gained in these industries: 

“While today’s hydrogen use 
has limited direct relevance for the 
energy transition, it has resulted in 
ample experience with hydrogen 
handling. Hydrogen pipeline systems 
spanning hundreds of kilometres 
are in place in various countries and 
regions and have operated without 
incident for decades. Similarly, there 
is a long track record of transporting 
hydrogen in dedicated trucks.”

Hydrogen Basics, a guide produced 
by Hydrogen Europe, is an ideal 
introductory resource for those new 
to the landscape and terminology of 
hydrogen. It cites steam reforming from 
natural gas as the “most commonly used 
method for hydrogen production” at 70%. 
This is followed by oil, coal and electricity 
(as a secondary energy resource). 
While the contribution of renewable 
energy as a production source has been 
small to date, this is set to increase.

HYDROGEN –  
WHAT IS THE HYPE ABOUT?
INTRODUCING HYDROGEN –  
A BEGINNER’S GUIDE 
Authors:  Max Boemke, Partner, Hamburg  

Marianne Anton, Senior Associate, London  
Shraiya Thapa, Associate 
Watson Farley & Williams LLP

Oui, mes amis, je crois que l’eau sera un jour employée comme combustible, que l’hydrogène et 
l’oxygène, qui la constituent, utilisés isolément ou simultanément, fourniront une source de chaleur 
et de lumière inépuisables et d’une intensité que la houille ne saurait avoir. 
Yes, my friends, I believe that water will one day be employed as fuel, that hydrogen and oxygen, 
which constitute it, used singly or together, will furnish an inexhaustible source of heat and light of an 
intensity of which coal is not capable. 
Jules Verne, L’Île mystérieuse (The Mysterious Island) (1875)

COLOUR PROCESS IMPACT
GREEN HYDROGEN Electrolysis, using renewable 

energy (wind, solar etc.) to split 
water into its component parts 
(H2 + O2).

No carbon emissions, ability to 
“store” surplus electricity from 
renewable sources.

YELLOW HYDROGEN As above, using nuclear power 
instead of renewable energy.

Low carbon emissions, ability 
to “store” surplus electricity.

BROWN HYDROGEN Gasification, using coal/
biomass/waste to heat water 
and break it down. Also known 
as “town gas”.

Along with the component 
parts of water, other harmful 
elements are produced: 
carbon dioxide (CO2), carbon 
monoxide (CO), methane 
(CH4), and ethylene (C2H4). 

GREY HYDROGEN Steam Methane Reforming 
(SMR), using methane to heat 
water and break it down. 

As above, produces other 
harmful elements: CH4 and 
CO2. 

BLUE HYDROGEN SMR and carbon capture, use 
and storage (CCUS).

Grey hydrogen but with 
carbon capture so it is seen as 
a lower carbon option.

TURQUOISE 
HYDROGEN

Using Molten Metal Pyrolysis, 
natural gas is passed through 
a molten metal that releases 
hydrogen and solid carbon.

Solid carbon can be used for 
industrial applications, so it is 
seen as a lower carbon option.
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