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e Natural gas based direct reduction industrially established lab-scale demonstrator industrial

- past now 2030 >

e No industrial experience with H, content >80%
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Problem:

Demonstration scale trials are expensive and
time consuming but limited transfer to industrial level

Crucial aspects:

Uniformity of gas and burden and flow distribution
Forces and movement of particles

Reaction kinetics and energies

Process stability and efficiency issues

Approach:

* MaxH2DR structure separated into 3 scopes:
Particles (WP1), Furnace (WP2), Process Chain (WP3)

* WP1: Reduction Kinetics & Modelling & Sticking

* WP2: Process optimization by hybrid-demonstration
* WP3: Process integration into integrated steelplants
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Objective:

Close existing knowledge gaps regarding the reduction process
(chemical and physical properties)

Experiments on different scales, development of a new kinetic model
for enriched hydrogen atmosphere

World-first test rig to measure adhesive forces of pellet bulks at
industrial H,-enriched DR shaft conditions

Include cohesion forces in DEM to describe movement of real
particles in Hy-enriched DR shaft furnace

Implementation of the new kinetics sub-model into overall DR
process model
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Reduction of 3.9g CVRD (D) pellets with H2.
xH2 = 50%, dgas = 2L/min for 850°C < T <950°C ;
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Different raw materials
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New method of shear cell Calibration of the CFD-DEM code
experiments with shear cell results

Force measurements under DR- Detailed modeling of particle
conditions

movement and forces
Normal load of 800 kPa

2 Types of DR-pellets FVM and CFD-DEM High temperature up to 1000°C
Different sinter types simulations Additional experiments of crushing
-9 strength, swelling and softening
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(1) Testtube (2) Midrex-Based Experimental device

Physical component of “hybrid demonstration”:

Physical and Chemical Lab experiments
with 0.001 - 10 kg material at various partners (= reaction kinetics)

Bulkflow experiments with gas counterflow
with 1 - 1.5 t material in BFI pilot plant (= flow modelling)

Digital component of “hybrid demonstration”:

)

Development of digital simulation tools for
H,-based Direct Reduction Shafts

verification basis

comprehensive
online-capable
model

Benchmarking and combined utilisation of
three detailed DR Shaft Furnace models

detailed modelling of
sticking phenomena

Exploitation after MaxH2DR:
online DR shaft furnace model

Task 2.5: Process Optimisation
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. current state of the art S

Long-term goal: Development of online model to In DR shaft furnace simulation b

. . . Benchmarking x

improve monitoring and control < > E:
| supporting calculations y

Complemented by Steelmaking Chain Process Simulations

DEM/CFD model [RUB] FEM model [BFI]
current state of the art current state of the art
in detailed BF offline simulation in BF online simulation
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VF(4)=1207 m3/h Surface: Pressure (mbar)

Investigation of particle movement, CFD-DEM and FEM simulation of experiments
Bulk permeability, Calibration of particle movement
Interaction of Gas-/solid flow Reduction of the simulation error through
Lab experiments with different materials upscaling
Wooden spheres (d=12mm, 15 mm) Benchmarking of the simulation methods
Clay spheres (d =5.9 mm) Investigations on the impact of installations

DR-Pellets (d=14.5 mm)
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d, = 40kg/s" dy, = 45kg/s

zo

Tin = 850°C

Upscaling to DR-shaft dimensions
Includes physical and kinetic models

Benchmarking of the simulations

Process optimisation with different H,
content

Recommendations and guidelines for
enriched hydrogen atmosphere
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PROCESS INTEGRATION INTO INTEGRATED STEELPLANTS

Objectives:

Digital assessment of promising steel process
chains based on H,-enriched DR

Effective process integration of H,-DR furnaces in
different kinds of steelworks

Digital tools for investment planning with potential
of later online site management

Assessment of optimal energy and material usage
and costs including LCA
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PROCESS INTEGRATION INTO INTEGRATED STEELPLANTS
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Coupling of different models and Static and dynamic simulation of the Evaluation of different scenarios
databases process chain . :
Considering different developments
Modeling of specific units in aspen plus Different scenarios like BF-route or DR- of costs like electricity

Definition of the possible process value route

ranges Including power plants and production
of input material (coke, sinter, pellets)

Cost minimisation towards H,

enrichment
Implementation of the optimized DR-

shaft model

(PS|
., ) . . ) i i . -
M a X LH 2_) D R Horizon Europe: MaxH2DR ¢ Thomas Piontek - VDEh-Betriebsforschungsinstitut GmbH 07/03/2025 11




()
Max H2 DR

MaxH2DR contents in coming years:

Physical properties of DR raw materials, intermediates and products (2025)
Validated process models (hybrid-demonstrator)

Recommendations & guidelines for H, enriched DR shaft operation (20206)
Promising steelworks configurations for transition (2025)

23 public reports, newsletters, 3 webinars ... and a big final event

Further / successor projects in HEU - CSP:
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GreenHeatEAF: Non-fossil energy sources, heat recovery & energy efficiency

TransZeroWaste: Valorisation of future residue cycles

1.65

- 1 1.60

1.55

AgiFlex: Agent-based support of investment planning and demand side management
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Prof. Dr. Valentina Colla

Formal Project Coordinator

valentina.oolla@santannapisa.it

® 0039 50 882328

Dr. Thorsten Hauck Thomas Piontek
BFi Head of Management Board Technical Project Coordinator BFi
Applicd Research thorsten.hauck@bfi.de thomas.piontek@bfi.de hoplied Research
® 0049 98492 301 2 0049 98492 258

MaxH2DR Project website: https://www.estep.eu/clean-steel-partnership/list-of-csp-projects/maxh2dr

Follow the MaxH2DR project on Twitter and LinkedIn

This project has received funding from the
European Union under grant agreement
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