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Steel Industry Transformation:
From Carbon to Green

Turquoise Hydrogen, a new path to low carbon
industry

Karim Badr, Metalurs Solutions
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Types of Hydrogen

While Green Hydrogen is the targeted
colorto be produced, the Turquoise
Hydrogen could be an economical
option (less energy demand) for some
industries when Brown Hydrogen

Turquoise Brown ;
Hydrogen | Hydrogen | Hydrogen | Hydrogen | Hydrogen and also Grey Hydrogen is not

preferred any more.

Procedure Procedure Procedure Procedure Procedure
Steam Methane SMR with Electrolysis Methane Coal Gasification
Reforming (SMR) Carbon Capture Using Renewable Pyrolysis
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Gray Blue Turquoise  Green
Hydrogen | Hydrogen  Hydrogen Hydrogen

Process Steam methane | Steam methane

Pyrolysis Electrolysis
reforming or reforming or
Production gasification gasification with ‘
carbon capture

Process and (85-05%) ‘
H2 Source Source | [Naturalgasor coal | Natural gas or coal Natural Gas Renewable
electricity
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Figure reproduced from IEA report
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Turquoise
Hydrogen

Procedure
Methane
Pyrolysis

What is Turquoise
hydrogen

Turguoise hydrogen is produced by
methane pyrolysis, a process that heats
natural gas to a high temperature in the
absence of oxygen to break it down into
hydrogen and solid carbon. This method is
considered a low-emission or carbon-neutral
hydrogen production pathway because it
avoids creating carbon dioxide emissions,
instead producing solid carbon, which can
be stored or sold for industrial uses.
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Main technologies for methane cracking

The main technologies for methane cracking (CH4) to hydrogen (H2) and carbon (C) are:
1. Thermal Cracking, e.g. direct heating of methane, or catalytic thermal cracking

2. Molten Salt or Molten Metal Bath

3. Plasma Cracking, can be used both as a heat source and as a way to generate
reactive species that accelerate the reaction. This technology is considered the most

mature with the highest technology readiness level (TRL) currently.
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Solid Carbon

Solid carbon from Turquoise Hydrogen production can be used in industries
like:

=

Hydrogen
(H,)

w— .

Carbon black

O Tire and Rubber Manufacturing
[ Batteries,
L Construction

(1 Electronics


https://www.google.com/search?q=turquoise+hydrogen&sca_esv=93059d63d912020b&ei=-0v-aOi7A7jZ7_UPobnLqAI&ved=2ahUKEwiXiuuppMKQAxU-87sIHWWJHfAQgK4QegQIAhAB&uact=5&oq=mention+examples+of+solid+carbon+application+of+turquoise+hydrogen&gs_lp=Egxnd3Mtd2l6LXNlcnAiQm1lbnRpb24gZXhhbXBsZXMgb2Ygc29saWQgY2FyYm9uIGFwcGxpY2F0aW9uIG9mIHR1cnF1b2lzZSBoeWRyb2dlbkiolQFQAFjbfXAEeACQAQGYAX2gAfoPqgEEMjQuMrgBA8gBAPgBAZgCDaAC7gjCAggQABiiBBiJBcICCBAAGIAEGKIEwgIFEAAY7wWYAwCSBwQxMi4xoAf_U7IHBDEyLjG4B-4IwgcEMC4xM8gHEw&sclient=gws-wiz-serp&mstk=AUtExfAa3tREZwUDi34HuazBw7thibUV8hofQ3GCetkKslKf6BAPgFnP-lIrIuWgMkQWNsjqHMHglSv2jNY21-7dpox3z-Edgj95BJ-iOwxOypgs_sqycccc8QnkzN83biMVVgs&csui=3
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Carbon
Intensity
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*FNG: Fossil Natural Gas,
RNG: Renewable Natural Gas

Source: Turquoise hydrogen takes a step towards the next level, , Laurent Fulcheri, MINES-ParisTech
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Electrical Energy

Producing green hydrogen requires
approximately 55 kWh electricity
per kg H2, while current turquoise
hydrogen production needs
approximately half the amount,

i.e., 25 kWh electricity per kg H2.
The difference is because green
hydrogen is produced by
electrolyzing water, which is more
energy-intensive, whereas turquoise
hydrogen is made from methane
pyrolysis, a process that requires
less energy.

Aspect @

Process

Primary energy

Energy use

Primary
byproduct

Feedstock

Carbon
emissions

Green Hydrogen (Electrolysis)

Splits water (H,O) using an
electric current

Large amounts of electricity

~50-55 kWh per kg H,

Oxygen (O5,)

Water

Zero direct emissions if
renewable electricity is used

Turquoise Hydrogen (Methane
Pyrolysis)

Thermally cracks methane (CH},)

Thermal energy and smaller amount of
electricity

~10-35 kWh per kg H,

Solid carbon (C)

Natural gas

Zero direct carbon emissions, but solid
carbon waste must be managed
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Hfgh cost decrease potentimlI | Medium cost decrease potential |
Levelized .
=
Cost of 2] — =
Hydrogen

LT water HT water Rgforming Methane Biowaste-to- Nown;lzgl_cgf:ul
electrolysis  electrolysis ~ with carbon splitting hydrogen hvd
capture ydarogen

Base case M LCOH sensitivity range

Source: CLEAN HYDROGEN PRODUCTION PATHWAYS, REPORT 2024, hydrogeneurope.eu
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Ccompany | swws | tecnnoogy |

= |,oroith Commercial plant (13 t/d) in Nebraska in 2020, High temperature electric
== B expansion to 165 t/d in 2026. heating - plasma
e Demo plant (275 kg/d) in Perth in 2024, commercial Low temp fluid bed iron
il Hozer Group plant é')tfd] in Canada 2025. ore catalytic pyrolysis
= . Pilot plant (400 kg/d) planned for 2024, commercial Bubble column molten
== ero plant (6 t/d) 2025. metal [ salt pyrolysis
BE= Huntsman Bench scale (1 kg/d), pilot plant (25 kg/d) in Texas . .
Ove Ni ew of TR L = Nanocomp in 2023, commercial demo plant (1 t/d)in 2026 i s i f e
= Pilot plant (250 kg/d) in 2023, with commercial Microwave plasma
6 8 ro . ec ts =—— HQuest target of 1t/d. pyrolysis
p J -|— R TREE Bench scale, pilot plant (5.5t/d) planned for 2024 i e e
ursuing various s
g Sl L= 2 demo plants in operation (UK), pilot plant (400  Vortex plasma torch and
p o =alxS Hiiroc Hydrogen kg/d) planned for 2024. molten metal pyrolysis
methane splitting = iode 2 micro demo plants (5 kg/c) 2023, ot plark (500
odemn micro demo plan , pilo ) .
== Hydrogen kg/d) in 2024. High temp pyrdysis
-
h l Bench scale reactor (200 kg/d), pilot plant (1t/d)in Thermal pulsed methane
te c n o ogl e S I " I sz s Alberta planned for 2025. pyrolysis
. LOOP - microwave
S L . Demo plants (27 kg/d) in Scotland and demo plant
ralas LeVidian (55 kg/d) planned for 2025 in UAE. E'rgimg’“m”“”e
Demo plant (150 kg/d) in Australia planned for 2024
I I Plenesys with commercial target of 275 kg/d and 2.7 t/d Hyplasma (AC plosma
units. s
- Graforce Demo plantin Austria in 2024, Plasmalysis
. Small demo launched in 2022 in Switzerland (4 .
I I Cl kg/d). Industrial demo planned for 2024 (72 kg/d). e

Source: CLEAN HYDROGEN PRODUCTION PATHWAYS, REPORT 2024, hydrogeneurope.eu
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Three Ironmaking Examples Suited for Integration with
Methane Pyrolysis (Turquoise Hydrogen)

Source: Reichel, E.K. (2024). Model-based Control of Electric-arc Plasma in the HPSR Process for Zero-emission Iron-ore Reduction. Presented at the ESTEP Annual Event 2024, Linz,
Austria, 29 October 2024. K1-MET GmbH; Midrex; Energion
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Summary

While is the targeted color worldwide to be produced, the investment in
the various technology production processes of the Turquoise Hydrogen and enhancing

its technology readiness level is worth the consideration.

Turquoise Hydrogen could be a better option than the for the natural gas

producing countries.
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