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1. New processes for low CO,-emission are underway

Nowadays the steel industry is one of the main contributors to CO,-emission. As the increasing call for low
carbon emission worldwide, a couple of approaches focusing on lower CO,-emission are being developed.
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Fig. 13. Hydrogen-based steelmaking route [57].
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2. Action in Ansteel

In May 2021, Ansteel released the declaration on carbon emission peak and carbon neutralization, and then
released the roadmap of low-carbon metallurgy in the end of 2021.

| Commitments: I

| » Carbon emission reaches peak value before 2025. I
| » Realizing the breakthrough on cutting-edge low-carbon I

s % I technology before 2030, as well large-scale application
k| of deep decarbonization technology .
» Making effort for 30% reduction of carbon emissin to
the peak value by 2035. '
» Sustainable development on low-carbon metallurgy:. '
Becoming one of the first steel-making companies that I

achieves carbon neutralization in China. |
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3. Five planning routes for the realization of low-carbon emmision in Ansteel

Pioneering Technology Innovation

* Lead technological innovation

* Accelerate R&D of low-carbon (L.C) metallurgical technology and carbon
capture, utilization and storage (CCUS)

* Open access to research findings

Green Mine Demonstration Project

Energy Structure Optimization

- Lay out clean energy industry and change @ * Leverage strengths of advanced mining and

energy patterns beneficiation technology

. . o L3 o o
- Develop energy storage technics < ;{//// Increase mineral resource utilization rate

» Construct source-grid-load-storage (SGLS) * Fully utilize land resources to develop green energy

! .  Intensify reclamation efforts and increase ecological
and interconnected multi-energy system

carbon sinks

Business Process Redesign Resource Consumption Downsizing

» Eacilitate mergers and reokganizations * Promot product lifecycle management (PLM)

* Optimize industrial distribution * Implement green manufacturing processes
» Redesign technical processes * Produce low-carbon materials

* Enhance energy efficiency and reduce carbon emission * Reduce social resource consumption
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1. Comparison between fluidized bed hydrogen reduction and BF process

Advantages: no sinter, pellet and coke production; lower waste and carbon emission; using fine
iron ore as charging material; fast mass and heat transfer; higher adaptation to raw materials.
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2. Comparison of four hydrogen-based fluidized bed reduction technologies

fluidized bed technology FINMET(shut down)

reduction gas
H, content

reduction temperature

charging material size

iron ore chemical
composition

flux

DRI use

NG
70 %
835°C
0.15~6 mm(iron ore

concentrate after
granulation, screening)

T.Fe >67%
gangue < 2.5%

nonuse

HBI for trade

HyREX (POSCO)
H2
100 %
750°C

<8 mm (iron ore for
sinter)

T.Fe 58~62%
gangue>10%

usc

ESF Smelting

HYFOR(Primetals)
H,
100 %
800~850°C

<0.15mm(iron ore
concentrate)

no specific requiremen

usc

HBI or smelter, EAF

HIFRI ( Ansteel)
green H,
100 %
700~800°C

0.5~1.5 mm
(iron ore concentrate
after granulation and

solidification)

T.Fe 58~68%

use

HBI or EAF
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3. Key technical issues need to be explored

(1) large-scale green hydrogen production for metallurgical use

Problems need to be solved:
» the lower stability of generated electricity caused by weather and

environment.

» the higher energy consumption, smaller size and lower stability of
current water electrolysis equipment.

» hydrogen needs to be highly compressed because of its lower density,
so the higher requirement for safe storage, transportation and end use.

.« .. . Solid polymer PEM Solid high temperature oxide
type Alkaline liquid electrolysis hydroelectrolysis hydroelectrolysis
single slot capacity ~ 1000 Nm? Hy/h ~200 Nm* H,/h laboratory research

electrolytic efficiency

60%~75%

75%~90%

85%~100%

energy consumption

4.3~5.5 kWh/Nm?

3.7~4.6 kWh/Nm?

2.6~3.6 kWh/Nm?

service life

10~20 years

5 years

fixed investment

1500~2000 Yuan/kW

8000~10000 Yuan/kW
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hydrogen production workshop hydrogen drying equipment hydrogen and oxygen storage tanks
PP S PP p—— od

planned hydrogen production average direct current

current density

capacity consumption
1000 Nm?-h-! 4000 A -m™ 4.09 kWh-Nm-H,
1250 Nm3-h-! 5000 A-m 4.19 kWh-Nm-H,

1500 Nm3-h-! 6000 A-m™ 4.26 kWh-Nm-H,



ala Research on Fluidized Bed Hydrogen Reduction o

(2) Raw material preparation for fluidized bed hydrogen reduction
Iron ore concentrate granulation and drying study:

» Properly set ideal range of particle sizes (0.50~1.50mm), research on iron ore concentrate granulation,
drying and solidification processes and equipment.

1 line " -": Yield of 0.5-1.6 mm

-0.5 mm

Yield or Proportion (%)
3
1

CaO addition (wt%)

high- d sheari
| glfnuslgfiinsmf:;;i influence of CaO addition to

i granulation l
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(3) Application technology of fluidized bed hydrogen reduction

endothermic

| effeciency of
fluidized bed
hydrogen
reduction

endothermic
reaction

utilization of
hydrogen
during the
process . &

endothermic reaction of H, reduction

2200 |- 2201.5
heat suppl 52T
tor hvd PPYY B 1800 | 0.4MPa. 900°C
or hydrogen %1600_
reduction ___ 2 4400 |-
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( Based on the work on raw material preparation, we set about the work on solidified charging ]
' material hydrogen reduction, explored a couple of new ways to enhance the process of hydrogen I
| reduction, and finally formed the two-stage fluidized bed reduction new technology.

- 60 | 7 Significantly reduce particle conversion time
E 50 to optimize fluidized bed performance
(1}
5 .
= 40 |
g B :
€ 30 | Hydrogen reduction test
§ at normal pressure
s 20 .
£ 10
0 f—" 2
0.2mm fine ore 0.2mm fine ore 12mm pellet for 1.3mm consolidate
700°C 800°C shaft furnace 700°C

800°C
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1. Overall objective and main technical-economic paramaters

overall objective

» develop a new renewable energy-
based alkaline water electrolysis
green hydrogen production
technology and facilities. The
capacity of hydrogen reaches
more than 1200Nm3/h.

» set up a fluidized bed hydrogen

direct reduction pilot plant with

10,000t/a DRI output, and
complete experiments.

energy efficiency of hydrogen production
increases more than 10%, the cost decreases
more than 30%.

develop a set of safe hydrogen storage,
transportation and use technology and facilities
to ensure stable output.

develop and form a series of raw material
preparation and reduction technologies for

fluidized bed hydrogen metallurgy based on
Ansteel’s current iron ore resourse.
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2. Flowchart
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3. Project timeline

Preliminary Design Finalized Key Technology R&D Full System Hydrogen Production System
Completed Cold Commissioning Succeeded = Commissioning Succeeded

?£3£$£3£3

Five-Party Agreement Project Commenced Equipment Procurement and Granulation Qualified DRI Produced
signed Infrastructure Construction Completed Test Run succeeded (metallization rate 295%)
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4. successful pilot run and qualified DRI has been produced

Infrastructure construction was completed, cold and hot test achieved successfully, and qualified DRI
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hydrogen production reduction system hot rotary Kiln in production solidified pellet hot-pressed DRI
test succeeded (metallization rate
>95%)
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S. Innovation points of the pilot plant

innovation points:

» HIFRI (hydrogen internal diffusion-less fluidized bed direct reduced
iron) technology, which uses 100% hydrogen as reductant with two-
stage fluidized bed, has been developed and started test-run in Ansteel
in 2024. It 1s the world's first green hydrogen fluidized bed DRI
production demonstration plant, achieving near-zero CO,
emissions and full-chain hydrogen ironmaking. it 1s possible to get
high-quality iron with ultra-low impurity content (<0.1% total
impurities) by this technology.

» Based on Ansteel’s iron ore resourse, a series of raw material
preparation and reduction technologies for fluidized bed hydrogen
metallurgy have been developed, and the puzzle of particle sticking
together in reactors has been wisely solved.

» Independently design and build a pilot plant based on a large amount
of research work. A certain amount of new designed equipment has
been applied with patent rights.




2 M 55 (=]
ANSTEEL

Thank you for your attention!
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