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Green Industrial Hydrogen
via steam electrolysis
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First GrinHy Project — ®

Proof of energy-efficient hydrogen production =0

steam from Waste f,
Cat

World’s biggest steam electrolyser producing”410 Nm2,,/h (150 kW,c)

Integration into infrastructure of Salzgitter's iron-and-steel works

Hydrogen based on steam from waste heat

Electrolyser electrical efficiency of 78 %, ., sets new standards
Operational experience from 12/2017 — 08/2019
90,000 Nm?,,, for today’s steel annealing processes

In total, the system was operated for approx. 10,000 hours during
project duration
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Role of Partners

f SALZGITTER
‘ MANNESMANN
FORSCHUNG

Overall project coordination
and environmental studies

p7” | PAUL WURTH

SMS group

Engineering and assembling
of hydrogen processing unit

for compression and drying

'« SALZGITTER
' Ny FLACHSTAHL

Integration of electrolyser
system and operation with
steam from waste heat

tenova®

Implemention study of a
hydrogen-based, low CO,

steelmaking route in Europe
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‘l sunfire

Technical coordinator and
manufacturer of
steam electrolyser

Intensive long-term
stack testing of
SOECs



The GrinHy2.0 prototype in a Nutshell 2.0

GrinHy2.0 01/2019 — 12/2022
¢eom \Waste Heat

------ Future

First High Temperature Electrolyser in megawatt scale:
720 KW, 5c producing 200 Nm#/h (18 kg/h)

Full integration into the existing infrastructure and management energy control system:
>13,000 operating hours while producing at least 100 t hydrogen

Hydrogen based on green electricity and industrial steam from waste heat:
Electrical electrolyser efficiency up to 84 %, ,, (< 40 KWhg acig)
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Solid Oxide Electrolysis Cell (SOEC)

Y5 0, (+ air)

HO(g) +2e” —> H,+0O* 0>— % 0,+2e-

Bipolar Plate
Crofer 22APU

Hydrogen Electrode
nickel / gadolinium
doped ceria

Oxygen Electrode
[anthanum strontium
cobaltite ferrite
HZO (g, 850 OC) Air (850 oC)
Solid Oxide Electrolyte
yttria-stabilized zirconia

Stack: 30 cells
127.8 cm?

Module:
24...60 stacks

. Repeating Unit

q
|

Green Industrial Hydrogen via steam electrolysis

O,

2.0

SOEC Advantages:

* One-third of the total energy
comes from heat - SOECs
require less renewable electricity

« Direct syngas production by
Co-Electrolysis

2H,0+C0, - 2H, +CO+1.50,

« Stack can be operated reversibly
to generate electrical power



Technical Development since GrinHy Q Elgl ﬂHyE.D

Green Industrial Hydrogen

GrinHy = GrinHy2.0 GrinHy2.0 2> MultiPLHY

* Increase the number of *  Off-the-shelf power * Dedicated SOEC stack with
stacks per module electronics = higher higher power density, lower

. efficiency at lower costs costs and increased

Simplified manufacturing
processes «  Stack exchange concept robustness
—> reduced maintenance

Highly integrated system _ Hee
costs and higher availability

layout
HPU layout with optimized * New installation and safety
drying and compression concept

concept = higher efficiency
and = 100 % H2 recovery

MultiPLHY system: 2.7 MW nominal power
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Technical Development since GrinHy Q Clalle HyE.O

Green Industrial Hydrogen

Module Development:
- Major costs and footprint reduction

GenO0: 24 Stacks per Module = 75 KW ¢ Gen1: 36 Stacks per Module = 115 kKW, Gen2: 60 Stacks per Module = 250 kW

*  WIP: Generation 3 with a new dedicated SOEC stack > 1 MW per Module
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GrinHy2.0 Design Q Elallg HyE.C)

Green Industrial Hydrogen

Low Voltage Distribution — , Hydrogen Processing Unit

Hydrogen Buffer Tank

Transformer Station |,

A HPU Cooling Unit

5 " HPU Chiller

Sunfire-HyLink HL200

SOEC Cooling Unit  [xail
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GrinHy2.0 — Status

H, production / consumption [Nm3]

55.000
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35 000 33.832

47.278
43.157

24.587

25.000

15.000

5.000

5000 1979 -1.857

-427  -215

Mar 21 Apr 21 May 21 Jun 21

H2 consumption

H2 production

2.0
« Since March: ~160,000 Nm? H, injected (14.5 t,,)
* Actual Capacity: 105 Nms3/h (200 Nm3/h by end of 2021)

« Since May: ~87 % availability (time)
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System validation: Electrical effciencies 2.0

100
—Electrical System Efficiency 400V

—Electrical Efficiency HyLink Production:
ca. 120 Nm3/h
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Hydrogen Supply Salzgitter Flachstahl 2.0
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Back-up
H, Trailer
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SALCOS - SAlzgitter Low CO, Steelmaking

SALCOS® - Flexible hydrogen-based direct reduction
|

r‘ SALZGITTERAG

' Stahl und Technologie

_ Carbon dioxide
— conventional coal-based blast furnace route Blast furnace &
— innovative SALCOS-route (direct reduction) (.
\ /2
A Carbon (C): Coke, coal . J
Hot metal g - Crude steel
‘ Iron ore (Fe,0,) N k
) Basic oxygen furnace (BOF
= Y9 (BOF)
Water 1
Iron ore (Fe,0,) o @
’ @ @ z:* ||‘—4\ I
T | Carbon dioxide Uh_ !
A~ 2 @ Scrap
;..j;. | L Hydrogen (H
ey g 1 J
atural gas -'
I
Renewable Electrolyzer &% & (CH,) ] > . Crude stee
electric energy EEE | .
Direct  Direct reduced Electric arc furnace
ENERGIR@N (variable use of natural gas and H,) ~ feduction iron (DRI) (EAF)

DRI TECHNOLOGY BY TENOVA AND DANIELI plant
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SALCOS - SAlzgitter Low CO, Steelmaking

Transformation of integrated steelmaking in Salzgitter ﬁ SALZEIT TERAG
to H, enhanced DRP/EAF-based steelmaking in three stages

Indicative: 2026+ Indicative: 2030+ Indicative: until 2050

-------.-----------\ )
<«— Status Quo D Pilot phase > Completlon
| |
SZFG 2019 I o @ ! I : !
Total CO,-emissions 7.6 Mio. t/a 1 | © "Soor |
1 § i |
| - 1 1] |
1 | o ‘ |
0 I s (Stage I) n | (Stage 1)}
§ \\ : @ 100 MW 1.9 Mio. teg/a | 500 MW
= N\ T I iil il il
H : : | " ‘ | ‘ | ‘ » EAF
< 1 I 2.8 Mio. tCS/a 4.3 Mio. teg/a
G ] :
v
-— ! I ~
I 0
3 ! : 2
@ I S
= I ' " 0
> | : N/ i Q@ o
LL | | % o, °
= | ©00,*
2 ! d = t ]
g 4 R : : © i Electrolyzer
8 qtf.—p | el lli:’-ll : : — ! o ! E (Stage Il1)
§ 4.3 Mio. teg/a : 2.4 Mio. tee/a : 1.5 Mio. Mio. teg/a
|
Status Quo : Stage | | Stage Il Stage Ill

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
)

DRP: Direct Reduction Plant

EAF. Electric Arc Furnace
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This project has received funding from the Fuel Cells and Hydrogen
2 Joint Undertaking (JU) under Grant Agreement No 826350.
This Joint Undertaking receives support from the European Union’s W FCH
Horizon 2020 Research and Innovation programme, Hydrogen
Europe and Hydrogen Europe Research.
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