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Out of the 326 identified hydrogen production plants which were using fossil fuels as
feedstock, only three were using carbon capture technologies:
• Grupo Sappio hydrogen production unit in Mantova, Italy with a capacity of

around 1,500 Nm3/h that started operating in 2016.
• Air Liquide Cryocap installation in Port Jerome, France, capturing CO2 from

hydrogen supplied to an Exxon refinery, with a capacity of around 50,000 Nm3/h
that started operating in 2015.

• Shell refinery in Rotterdam, Netherlands where CO2 from hydrogen production is
captured and sold for agricultural use as part of the OCAP project since 2004.

Total share of hydrogen production from fossil fuels with CCS/CCU was around 131
tonnes per day equating to 0.5% of the total hydrogen generation capacity.

By the end of 2019, 95 operational power-to-hydrogen (water electrolytic) projects
were identified for hydrogen production. Total power of those electrolysers was 92
MW equalling to hydrogen generation capacity of ~1.7 t of electrolytic hydrogen per
hour (0.14% of total production capacity). This represents a 33% increase in capacity
compared to 69 MW operating in 2018.
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The oil refining sector is the biggest hydrogen producer and consumer in the EU.
Hydrogen in refineries is used for the purpose of hydrotreating and hydrocracking
processes.
• Hydrotreatment is one of the key stages of the diesel refining process and relates

to several processes such as hydrogenation, hydrodesulphurization,
hydrodenitrification and hydrodemetalization. Hydrocracking involves the
transformation of long and unsaturated products into products with a lower
molecular weight than the feed.

• Hydrocracking is by far the most common hydrogen consuming process, needing
around 300 Nm3 H2/t of product. Hydrotreating processes usually require only
around 20-50 Nm3 H2/t of product. It is also important to note that refineries not
only consume but also produce hydrogen at various stages of crude oil refining,
with the most hydrogen yield being generated during catalytic reformulation
which produces hydrogen at a rate of 200 Nm3 H2/t crude oil.
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Next to refineries, the ammonia industry is the second largest hydrogen consuming
sector in the EU. The ammonia production process involves a synthesis of hydrogen
with nitrogen according to the following formula:

N2 + 3 H2 → 2 NH3

This process consumes about 175-180 kg of hydrogen per t of ammonia.

Total ammonia-related hydrogen production capacity in Europe was approximately
9,489 t per day split between 36 facilities. All of them were using either steam
methane reforming or partial oxidation (POX) to generate hydrogen.

Similar to refining, Germany had the largest share with 16% of all Europe’s hydrogen
production capacity dedicated to ammonia production, closely followed by the
Netherlands (15%), Poland (15%), France (8%), and the United Kingdom (6%).
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Refineries or ammonia plants comprise around 91% of total captive hydrogen
production. Other than these processes, hydrogen is produced at scale also for the
production of other chemicals, including methanol and hydrogen peroxide. The most
common methanol production method is steam reforming of methane

1st step: CH4 + H2O → CO + 3 H2 and CO + H2O → CO2 + H2
2nd step: 3 H2 + CO2 → CH3OH + H20

This production consumes about 1,400 Nm3 H2/t of methanol. Methanol is an
important chemical raw material used for the production of formaldehyde, acetic
acid and MTBE or fatty acid methyl esters (FAME), adhesives and solvents.

Other uses of hydrogen include the production of such high-volume chemical
products as hydrogen peroxide, for which hydrogen consumption is approx. 735 Nm3
H2/t, hydrogen chloride, aniline, cyclohexane, TDI and oxo-alcohols. Production of
those chemicals takes place at large integrated chemical or petrochemical plants.

Total captive hydrogen production capacity in Europe dedicated to methanol and
other chemicals is approximately 1,707 t per day split between 23 facilities.
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The merchant hydrogen plants can be divided into two main categories:

• Plants dedicated to supply a single large-scale consumer with only excess
capacity available to supply the retail hydrogen market; and

• Small and medium scale hydrogen production sites designed for the purpose
of supplying mostly retail customers.

While the first type can be comparable in scale to the largest captive hydrogen
production facilities, the installations designed with the hydrogen retail market in
mind are an order of magnitude smaller in terms of their maximum capacity.

The report identified 108 merchant hydrogen plants operational in Europe in 2019.
Total capacity of those plants has been estimated at 3,865 t per day.

The merchant hydrogen market in Europe is dominated by 4 groups: Linde Gas, Air
Liquide, Air Products and Messer, that own a combined 81% of plants and 90% of
total merchant hydrogen production capacity.
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By-product hydrogen production capacity, by which we mean hydrogen produced as a
by-product of other processes, has been estimated at 8,523 t per day, including:
• 4,541 t per day of hydrogen mixed in coke oven gas,
• 1,777 t per day of hydrogen as by-product from refining operations7,
• 581 t per day of hydrogen produced by the chlor-alkali process,
• 108 t per day of hydrogen produced by the sodium chlorate process,
• 1,105 t per day of hydrogen produced during ethylene production,
• 412 t per day of hydrogen produced during styrene production.

The hydrogen production rate for ethylene and styrene production processes is
around 190 Nm3 H2/t ethylene and 220 Nm3 H2/t of styrene. By-product hydrogen
from those industries is almost universally used on site as a feedstock for other
chemical or petrochemical processes further downstream.

The by-product production rate from the chlor-alkali industry is around 300 to 270
Nm3 H2/t chlorine. On average, the industry vents around 15% of produced hydrogen
into the atmosphere with the remaining 85% usually burned for heat or used in a CHP
unit to generate both heat and power.
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The biggest potential source of by-product hydrogen is coke oven gas (COG), where
the hydrogen production rate is about 450 Nm3 H2/t of product. In this case though,
the output gas is not pure hydrogen but rather a mixture of hydrogen (55%-65%) and
methane, carbon monoxide, CO2 and nitrogen.

Coke oven gas is used to enrich the calorific value of the other process gases for use
in blast furnace stoves, the reheating furnaces of hot strip mills, for other high
temperature processes, or for the under-firing of coke ovens.

The surplus COG may be utilised at the blast furnace as an alternative reducing agent
and is also used in power plants.

Other, smaller by-product hydrogen sources include:

• Acetylene production: 3,400 – 3,740 Nm3 H2/t product.
• Cyanide production: 2,470 Nm3 H2/t of product.
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The most common method of producing hydrogen is steam reforming of natural gas
(SMR). Less common are partial oxidation (POX) and autothermal reforming (ATR).
SMR and natural gas is widely used for all applications including oil refining, ammonia
synthesis, or any other bulk hydrogen production. Even though natural gas is the
most common feedstock, steam reforming is also used with other feedstocks, which
include also liquid hydrocarbons like LPG or naphtha.

Out of the 326 identified hydrogen production plants which were using fossil fuels as
feedstock, only three were using carbon capture technologies:
• Grupo Sappio hydrogen production unit in Mantova, Italy with a capacity of

around 1,500 Nm3/h that started operating in 2016.
• Air Liquide Cryocap installation in Port Jerome, France, capturing CO2 from

hydrogen supplied to an Exxon refinery, with a capacity of around 50,000 Nm3/h
that started operating in 2015.

• Shell refinery in Rotterdam, Netherlands where CO2 from hydrogen production is
captured and sold for agricultural use as part of the OCAP project since 2004.

The total share of hydrogen production capacity from fossil fuels with CCS/CCU is
~0.5% equating to 131 tonnes per day.
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Hydrogen can, of course, also be produced with electricity by splitting water via water
electrolysis. There is a significant number of electrolysers installed in Europe.

Beyond the established hydrogen use cases mentioned above, there is increased
activity in development of power-to-hydrogen projects, where electricity is used to
produce hydrogen via water electrolysis. By the end of 2019, the authors identified
95 operational power-to-gas (water electrolytic) projects. Total power of those
electrolysers was around 92 MW equalling a hydrogen generation capacity of ~41 t of
electrolytic hydrogen per day (0.14% of total production capacity).9 Compared to 69
MW in 2018, this represents a 33% increase in operational power-to-hydrogen
capacity between 2018 and 2019.

Most of them produce electrolytic hydrogen for merchant sales, on-site industrial
consumption, mobility applications, or energy storage for renewable energy grid
balancing.

Countries with the largest number of installations are Germany (28), United Kingdom
(13), France (9).
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Inauguración de la Planta de Hidrógeno Verde de Puertollano (Ciudad Real) - YouTube

https://www.youtube.com/watch?v=gZOMCYbcmpM
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MUCHAS GRACIAS POR VUESTRA ATENCION.


