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This project has received funding from the
European Union under grant agreement
NUMBER — 101058429 — MaxH2DR

OVERVIEW OF CURRENT PROJECT STATE
Today (~40%)

June 2022 May I2026

2022 2023 2024 2025 2026

Maxr “DR

Maximise H2 Enrichment in Direct Reduction Shaft Furnaces

The information and views set out in this document do not necessarily reflect the official opinion of the European Commission. The European Commission does not guarantee the accuracy of the data
included in this document. Neither the European Commission nor any person acting on the European Commission’s behalf may be held responsible for the use which may be made of the information
contained therein.
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e Key facts:
* HORIZON-IA: 4 years from June 2022 to May 2026, budget: 4.5 million Euro
» Financial & formal coordination: SSSA

Technical coordination: BFI
MaxH,DR
hybrid
[ BaCkground. W
* Natural gas based direct reduction .
) : . = = sticking?
industrially established > gt
@ : - H, heat
* Hydrogen based direct reduction is o - transfer?
ground-breaking technology for climate P - particle-solid
neutral steelmaking o interaction’
_ _ _ +h DR )] - efficient process
No industrial experience wit IN Q:::ﬁ zone location?

USING >80% H, CONTENT -

* QOperational problems and needed
process optimisations unknown yet

past now

(1)

\d
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MAXH2DR OBJECTIVES:

 Crucial aspects:
Cinetics and material properties at H, enrichment > 80%

Flow of gas and burden
Process stability and efficiency issues

... and in particular the corresponding impact of H, enrichment > 80%

* MaxH2DR objectives:
.. provide missing physical and chemical data

.. close the current knowledge gaps

.. exploit new knowledge+data into comprehensive models (“hybrid demonstration”)

.. deliver the tools needed for process optimisation and investment planning

Max 'H2'DR
vY 14/03/2024 - Estep Dissemination Event - Summary of current project state (T. Hauck)



¢ Approach: hybrid demonstration of steelmaking via H, based direct reduction
validating and fusing DR furnace models with physical demonstration into a “hybrid demonstrator”

Three perspectives of investigation:

[Burden pﬁparation] - WP1: “Particle scale”

vd Laboratory experiments
Kinetic sub-models

_—~ WP2: “Furnace scale”

Bulkflow demo experiments
3 detailed shaft furnace

"

@ @ @ @@ models
Validation & process
optimisation
> WP3: “Process chain
DRI scale”

[ Steelmaking J

LCA, LCC, social impacts

.~
Max J<, DR 14/03/2024 -

Stationary scenario analyses
Dynamic investigations (flexibility)

Partim

WP1: Fundamental Investlgatlons & Modelling

' ’ . DR process

(" WP2: Enabling Industrial Demonstratlon of H,-based Direct Reduction

Process
chain

& ] Simulation ¢ » Scale up
© 2 ) and ) and
ﬁ = physical demonstration {— Data of process optimization
L demonstrator
\_
/‘

WP3: Steelmaking based on H,-based Direct Reduction

Energy _—

)

WP4:

uonesIuNWWo)D
pue uoijejiojdxgy
‘uonjeulwassiq

.

WPS5: Project Management

|

<
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L = /8

physical digital hybrid

-> Reduction

Physical component:

It
[ |
. . . l > Particlt? | Bulk density
Physical and chemical laboratory experiments @ 3 Strongth’

focussing on reaction kinetics i o Rt experinants
[0.001 - 10 kg material at various partners] ° c,
NG - Particle static/rolling friction
- Loading/unloading spring stiffness
Bulkflow experiments with gas counterflow -

focussing on flow investigations EE 9

Hydrogen share

Air
[1 - 1.5 t material in BFI plant] sigopelet  smatbn ok o
Sample Quantity

[ Pelets ] sinter I: Lump Ore
Max 'H2'DR
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-

physical digital

‘—I

T
. : :lH
Digital component: Bh et
Digital simulation tools for H,-based DR Shafts o Wi reducorioy
e in DR shaft furnace simulation
Combined utilisation of 3 DR Shaft Furnace models [ Benchmarknt
© supporting calculations .
Steelmaking Chain Process Simulation tools _ P\ CH| g
DEM/CFD m?g‘sl‘"[!RUB] FcErnngjuBﬂ] ndmetalurscl R
Long_term gOal: n offline simulation insroni;;ninunlon TATA STEEL : 8
Development of online monitoring and control =
(1A
Max (| DR 14/03/2024 - Estep Dissemination Event - Summary of current project state (T. Hauck) 8



MAXH2DR OVERALL WORK PLAN

Year 2022 2023 2024 2025 2026

Horizon Europe Proposal MaxH2DR

T o o ) S Y ) =1 PR S 0 = el B P P B P o 0 P P Y R P 1 S G g 1 S
g o e
I E IR e

][] [ ]]
ANEEEDR @
Ll 1 BRI

T 1.1 |Experimental investigations of reduction kinetics indifferent scales

T2 |Experimental investigations of physical properties of raw materials, intermediates and products
T 1.3 |Development of kinetic sub-models for H;-enriched DR
4 lImplementation of new kinetic sub-models into DR shaft process

.1 |Physical Demonstration of linked solid and gasflow in DR shaftfurnace
T 2.2 |Coupled DEM/CFD simulation of moving granular particles and gas flow in DR model shafts
T 2.3 |Development of validated hybrid demonstrator by synergetic combination of modes with physical demonstration

T 2.4 |Scale-uptowards industrial sale DR shaft reactors

.5 |Process optimisation for industrial scale DR shaft reactors

T31 Adaptatlonand extension ofavallaxemodels and lnterconnectlondevelopmem

HWDMHDHDDMD]DDHWDHi

T 3.2 |Stationary scenaric analyses for transitional pathways

T 3.3 |Dynamic investigationsfor flexible operation of new integrated steelworks with H2-enriched DR for high RES integration
T3.4|Life Cycle Assessment and Cost

MENEEEHEE

T4.1|Websiteand Project Branding Toolkit

T4.2 |Dissemination and Communication Strategy

T4.3|stakeholder consultations
T4.4|Compliance/ IPR Checks and concepts
T45 |Exploitation andtransfer of resultsto recommendations

et EEEEEEEEREEE NI RENNNEENEE
wes Management HEMNENEEN S DEmDE I AN Er e EmE I ENNEO R

T5.1 |Contractual Management

T5.2 |Technical and administrative project management

T5.3 |Reporting to theEC
T5.4|Quality and Risk Management

End of 1° reporting period -

&= Now

M aX l_H2_) DR 14/03/2024 - Estep Dissemination Event - Summary of current project state (T. Hauck)



Key-Objectives:

Reduction experiments for H,-enriched DR~ "™
and new sophisticated kinetic model
World-first test rig for adhesive forces of E
pellet bulks at industrial conditions

Reduction of 3.9g C\ ith H2.
xH2 = 50%, dgas = 2L/min for 850°C < T <950°C ; 1.45+
XxH2 = 55%, dgas = 1.8L/min otherwise.

1.50¢

VRD (D) pellets w
T

O/Fe ratio
e
S
o

(=
w
v

Planning tests & construction:

Coherent materials & conditions for _

T T T T 1
50,0 75,0 100,0 125,0 150,0

Time [min]

tests with powder (AAU),
single pellets (UL) and

bulk material (TS, IMZ)

Preliminary cold tests and
concept development of world-first
test rig for adhesive forces of moving bulk materials

.~
Max J<, DR 14/03/2024 -
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Xa,00

al(g) + bBs) = pPg) + aQs)

= 10-13 mm BF Grade A 1

=== 13-15 mm BF Grade A

== 10-13 mm BF Grade B
13-15 mm BF Grade B
10-13 mm BFI Lime

) w—=13-15 mm BFI Lime

== 13-15 mm Bauxite

Ve 10-13 mm Bauxite

10 20 30 40
Time (minutes)



Key-Objectives: 15
Demonstration scale test rig for solid+gas flow i

Pressure /Pa

Reduction
section |

Synergistic combination of DR shaft models

E ) - =9
] 2
bl 5
o = : - T
= S s 3 S W3
z ®§ £ 5 MR
= = g (£ E
B g2 comprehensive £ %3
8 o @ = o
£ = online-capable o W
£ a (@) =
s = T w model o =
- 9 S e o9 =
a o = ¥ ® § % & . bar
= 33 Reductor [UL] = & Ik Soolig ALlos
= current state of the art ‘V’ o (2 2 section :
- in DR shaft furnace simulation < 0 g o 1.90
£ ) CECE [0 @ '
= Benchmarking x x QS
S & > N E 2 IS 1.85
g | supporting calculations B | 1.80
o= 3
> 1.75
DEM/CFD model [RUB] FEM model [BFI] 1.70
current state of the art current state of the art 165
in detailed BF offline simulation in BF online simulation .

1.60

1.55

State of work:
Preliminary tube tests, demo test rig ready | gasflow l particle flow
First model versions ready and benchmarking started

1.50

1.45

v 142

Max 'H2'DR
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WP3: SELECTED OBJECTIVES AND PRELIMINARY RESULTS . =

AML-based
steelmaking chain

Key-Objectives:
Process chain simulation toolkit combining AML, IRMA and ASPEN

Promising future plant states including H,-enriched DR

Steel production

State of work: s
Simplified prognosis of transition routes using AML

Benchmarking of models for standard integrated steelworks \
Database and IT architecture available and interconnection demonstrated

MAXHZDR database

IRMA MAXHZDR
Database Client

System overview (left TS and right SSSA parts)
(7,A)
Max LH 2_) DR 14/03/2024
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MaxH2DR integrates ...
... iInvestigations on different scales from powder to steel plant
... different model approaches for maximum synergy

... digital with physical-chemical investigations for ,,hybrid-demonstration®

MaxH2DR provides ...
Project website via estep.eu

... a lot of new data and knowledge
Follow us on Iwitter and LinkedIn

... world-first test rigs and models

Stay tuned for upcoming resulits ! J
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https://www.estep.eu/clean-steel-partnership/list-of-csp-projects/maxh2dr
https://twitter.com/MaxH2DR
https://www.linkedin.com/company/maxh2drproject/

MaXx

14/03/2024 - Estep Dissemination Event - Summary of current project state (T. Hauck) 14



	Folie 1
	Folie 2: THE CONSORTIUM
	Folie 3: Overview of current project State
	Folie 4: MaxH2DR overview: What and Why ?
	Folie 5: MaxH2DR objectives:
	Folie 6: MaxH2DR OVERALL CONCEPT
	Folie 7: MaxH2DR hybrid demonstration approach
	Folie 8: MaxH2DR hybrid demonstration approach
	Folie 9: MaxH2DR OVERALL WORK PLAN
	Folie 10: WP1: Selected Objectives and Preliminary Results
	Folie 11: WP2: Selected Objectives and Preliminary Results
	Folie 12: WP3: Selected Objectives and Preliminary Results
	Folie 13: Conclusions
	Folie 14: THANk You for Your attention!

