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High-temperature electrolysis for decarbonisation of the steel
sector: the SYRIUS project, a real-scale demonstration
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Steel industry is one of the largest energy consumers with an average of ~5.2
MWh of primary energy per tonne of steel produced, resulting in 9% of all
anthropogenic CO, emissions worldwide!- Of the total current steel production:
O 78% is attributed to the “primary route”;
O the remaining 22% (41.5% in the EU, with peaks of 81% in Italy and 61% in
Spain) is attributed to the “secondary route”, based on electric arc furnace
(EAF) that has lower energy demand and carbon footprint;

> In all cases, significant CO, emissions are related also to the hot rolling mill
processes downstream the cast steel production

Demand reduction, Energy efficiency, Fuel switching, electrification, and grid
decarbonization, Technology shift to low-carbon steelmaking, and Carbon
capture, utilization, and storage (CCUS) are the five pillars to reduce CO,
emissions from the iron&steel making industry, needed to meet the Net zero
emission target
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SYRIUS project estep

The EU-funded project SYRIUS will address these challenges by integrating a
4.2 MWel Solid Oxide Electrolyser (SOEC) into the process line of an EAF steel
plant, enabling on-site hydrogen production with waste heat recovery and
circular integration of process by-products

AEB SYRIUS

Title: SOEC HYDROGEN INTEGRATION AND CIRCULAR USE IN STEELMAKING PROCESS
Acronym: SYRIUS

Starting date: 1st January 2025 RWTH
End date: 30th June 2029 (duration: 52 months) o
Coordinator: EUCORE =1
Consortium: 10 Beneficiaries and 3 affiliated entities from 6 EU Member States: 3
SMEs, 6 large company, 2 universities and 1 research center

Topic: HORIZON-JTI-CLEANH2-2024-01-05 - Hydrogen production and integration in
energy-intensive or specialty chemical industries in a circular approach to maximise
total process efficiency and substance utilization
Total costs estimated: € 29,051,310.49 (IA)

EU contribution: € 9,999,165.49.




Principles of a SOEC (Solid Oxide £
Electrolyzer) '

» A high-temperature electrochemical H, 1 0,
device that uses a solid ceramic ﬁ r
electrolyte (typically based on ZrO,) to _ Ceramic
split water (steam) into hydrogen and “T | Oxide
oxygen. :———E—:k (electrolyte)

> It converts electrical energy into :L-?--:; -
chemical energy, usually operating Cathode Eﬁﬁf
between 600°C - 800°C (Ni/YSZ) LSF..)

» The SOEC's high operating temperature - +
allows higher efficiency (e.g. >80-85%) H.0 J
than low temperature electrolyzers (e.qg. .

alkaline, PEM) Solid oxide cell stack
: ’ .. i ] ] 2_1_ Credits: Elcogen
> Maximum efficiency is achieved using 0%~ = /50, +2e
W h rces to provide steam T .
el —
Pel

Total reaction:. H,O0—> H,+ Y0,



SYRIUS concept

Hydrogen produced on-site
will be directly fed into a
high-efficiency, fuel-flexible
slab reheating furnace.

The SOEC operates at high
temperature, with high clectricity
electrical efficiency pR—

l H:r + HiD

The oxygen by-product from the
electrolysis process is captured and
reintegrated into the furnace
operations, improving combustion
efficiency and further reducing fuel
usage.

(specific consumption
target < 39 kWh_/kg,,),

utilizes steam (at low

flue

‘ > furnace
Q.
gases

H.0 (steam) + H:0

pressure, T=200°C) e
recovered from the steel

flue gases + H.0 Si=lelag

. water )
reheating process. ‘

generator

H.0

flue
gases

The 84 MW, slab reheating
furnace can operate with
variable H,-natural gas
mixtures, reducing CO,
emissions by 5,600 tonnes
per year during the project
and up to 35,700 tonnes per
year with future expansion

Waste heat from the reheating
furnace is recovered and used
to generate steam, which feeds
the SOEC system to enhance
energy efficiency and lower
electricity consumption.



SYRIUS - Exploitation potential and targets - ESTEP

European Steel Technology Platform
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The proposed system is constituted by individual units at

different maturity level (TRLs):

i. A high-temperature SOEC;

ii. Flexible hydrogen and oxygen-enriched air burner in a
new reaheating furnace;

iii. A heat recovery integration with SOEC;

iv. A process integration including Energy Management
System (EMS).

The system will reach TRL7 for the core part (the
electrolysis plant) and TRL8-9 for the other plant and
project components.

The study also includes safety, techno-economic
assessments, as well as life cycle and sustainability
analyses to quantify environmental benefits.




SYRIUS - Concept

The proposed system is constituted by individual units at

different maturity level (TRLs):

i. A high-temperature SOEC;

ii. Flexible hydrogen and oxygen-enriched air burner in a
new reaheating furnace;

iii. A heat recovery integration with SOEC;

iv. A process integration including Energy Management
System (EMS).

The system will reach TRL7 for the core part (the
electrolysis plant) and TRL8-9 for the other plant and
project components.

The study also includes safety, techno-economic
assessments, as well as life cycle and sustainability
analyses to quantify environmental benefits.




A high-temperature SOEC;

State of the art:

conventional electrolysis systems (such as alkaline or PEM electrolysis) operate at lower temperatures
and require higher electricity consumption, typically around 50-60 kWh/kg H..

Limited integration with industrial heat recovery systems reduces overall process efficiency.
Challenges in scalability and durability for industrial use.

Progress Beyond state of the art within SYRIUS:

Deployment of a 4.2 MW high-temperature SOEC system integrated into a steel plant environment.
SOEC consumption <39 kWh/kg,, thanks to the optimization of waste heat recovery from the
reheating furnace, improvements in large-scale balance of plant and components integration,
significantly reducing electricity and additional heat demand.

Production capacity of 100 kg/h of green hydrogen.

Full circular integration through steam recovery from the furnace off-gases.

Technical performance KPlIs Project targets

< 39 kWh,/kgH
8-9 kWh,, /kgH.

Specific consumption

Hydrogen production rate 100 kg/h

Current density 0.5-0.75 A/cm?
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SYRIUS - Ambition . ESTEP

I. A high-temperature SOEC;
ii. Flexible hydrogen and oxygen-enriched air burner in a new reaheating furnace;

State of the art:

= Conventional slab reheating furnaces primarily rely on natural gas, with limited flexibility for fuel switching.
= High CO, emissions associated with fossil fuel combustion.

= Energy efficiency constraints due to limited waste heat recovery

Progress Beyond state of the art within SYRIUS:

e Connection to a new fuel-flexible Walking Beam Furnace (WBF) to be installed at AST site, capable of operating
on various hydrogen-natural gas mixtures.

e Expected CO, emission reduction of up to 5,600 t/year during the project and up to 35,700 t/year maximizing
heat recovery for steam production and hydrogen production through SOECs.

* Integration of recovered oxygen from the SOEC process to optimize combustion efficiency.

 Enhanced energy efficiency through the recovery of steam from furnace off-gases.

11

Walking Beam Fumace (WEBF). Credits: Tenova



. ESTEP

SYRIUS - Ambition

i. A high-temperature SOEC;
ii. Flexible hydrogen and oxygen-enriched air burner in a new reaheating furnace;

European Steel Technology Platform

Main features of the WBF:
» high thermal and combustion efficiency, thanks to some measures such as deep preheating of the
combustion air and advanced refractory-insulating linings for both the walls and cooled beams.

» Ultra Low NOx type burners: in addition to being hydrogen-ready, they are also developed to be
fed with pure oxygen (lancing), further increasing the furnace's efficiency and benefiting CO2
emissions.

» The automation is supported by mathematical models, integrated with a Digital Twin, capable of
managing the main functions of the furnace in the presence of variable production and thermal
cycles scenario, transients and stops of the Hot Strip Mill.

H-Ready TSX bumers. Credits: Tenova Walling Beam Fumace (WBF). Credits: Tenova 12
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SYRIUS - Ambition . ESTEP

State of the art:

A high-temperature SOEC;

Flexible hydrogen and oxygen-enriched air burner in a new reaheating furnace;
A heat recovery integration with SOEC;

Progress Beyond state of the art within SYRIUS:

CRy,

Fully commercial and well-known technology for installation both in the power R B =
generation field and in industrial applications for heat recovery; ,,:mmmu e
At the AST site, a complex steam circuit is in operation; \
TEN has developed the iRecovery® system for recovering waste heat from industrial

furnaces

First-of-a-kind integration of a steam loop with a high-temperature SOEC (with a
commercial downstream industrial process);

Design and management of a dual heat exchange circuit;

Exploration of lower-temperature heat recovery options.

Heat recovery efficiency > 85% in dual-loop configuration
Flue gas cooling and water recovery > 90% water recovery and reuse

Steam purity High-purity steam suitable for SOEC (> 99.9% H,0)

13
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European Steel Technology Platform

Process integration includes also the use of an advanced EMS based on model predictive control, capable of dynamically
optimizing SOEC operation when integrated with PV plants and batteries to form a Virtual Power Plant.

State of the art:

" Lack of dynamic energy management for industrial hydrogen systems.

" |nability to optimize energy flows considering fluctuating renewable energy sources or variable industrial loads.
= Limited integration with hydrogen storage and production systems

Progress Beyond state of the art within SYRIUS:
= Development of an advanced EMS to coordinate:
O hydrogen production from SOEC
O on-site hydrogen storage management
O flexible operation of steel plant loads and integration with external energy sources
" |mproved operational flexibility and cost-efficiency through intelligent management of industrial loads.
" Enhanced energy optimization by integrating data from virtual PV plants

No existing systems for SOEC + renewables +
industrial load

Load flexibility management Real-time optimization achieved

Operational costs reduction Limited integration and cost/efficiency recovery >15% compared to conventional strategies

14



Electrical
power
grid

DEMI
water
makeup

Electricity
’ SYRIUS
SOEC plant
(4.2 MWe)
Water final

+ purification
|

|

| water blowdown
|

0, enriched air

Hydrogen
(100 kg/h)

Storage
(buffer)

Flue gas splitter

Flue gases
NG I
Steel slab
reheating furnace
WBF

STEAM from steel plant
(heat recovery)

Condensed water

Heat recovery steam
generator

NN\

Steam to other
steelwork uses

Condensate return from
other steelwork uses

tank

|
Aux water
Feedwater | makeup |
|

|

|

Cold flue gases
to stack

[t
)
]
1
]
A
]
1
,
L)
LY
W
—-— - I b
%
L —

T

I “Condenser
L] L | L] -* -----

|
, Water recovery !

|
I and treatment |
|

| water
vblowdown

Optimization of waste heat recovery from the reheating furnace, improvements in balance of plant and
components integration, significantly reducing electricity and additional heat demand
Production capacity of 100 kg/h of green hydrogen
Full circular integration through steam recovery from the furnace off-gases



SYRIUS phases and timeline ‘ff"’f *ESTEP

European Steel Technology Platform

(i) Definition of the system
architecture
(ii) Performing of a preliminary
simulation-based design 3 K
(iii) Comparison of multiple P lant. ]
configuration options :

Delivery of SOEC
: system and :
: installation at AST

* -
* .
0. .

------------------------------------------
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Environmental KPIs within project timeline — Decarbonization impact and energy savings

e Tt Expectednbenefr

CO, emissions reduction during project
O, recovery

Fossil fuel consumption reduction
Water recovery potential

Heat recovery capacity

5,600 t/y Immediate environmental benefit

800 kg/h of O, through oxygen enriched air produced by the SOEC and recovered effectively in the aeved) Eieeney

plant

1-2% during the project Cost savings and emission cuts
Up to 1,000 kg/h in the project plant Promote circular water use

700 kW of heat recovered for 1 t/h steam production Boosts overall energy efficiency

Strategic Impact — High-level outcomes and EU policy alignment

Annual CO, saving (with full
decarbonization potential)

Heat recovery potential

Production of renewable hydrogen

Industrial hydrogen cost (LCoH)

Market replication potential

> 35,700 t/y in a future expansion at larger scale (25 MW SOEC with heat integration with the

furnace) Supports EU’s 2050 climate neutrality goal

> 10.9 Mt/year with large scale deployment in the steel industry*
>2.8 TWh/year with large scale deployment in the steel industry* Boosts overall energy efficiency
Pre-certification of renewable hydrogen based on the requirements of RED Il for RFNBOs Renewable Energy Directive

Makes green hydrogen competitive with

< €2.2/kg with technology scale up fossil fuels

Accelerate industrial decarbonisation -

Scalable solution for steel and other hard-to-abate sectors
REPowertEU

17
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SYRIUS people

Check our Zenodo repository

https://zenodo.org/communities/syrius project/records
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https://www.instagram.com/syrius_eu_project/
https://x.com/SYRIUS_eu
https://www.linkedin.com/company/syrius-project/
https://syrius-project.eu/
https://syrius-project.eu/
https://syrius-project.eu/
https://zenodo.org/communities/syrius_project/records?q=&l=list&p=1&s=10&sort=newest
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