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European Steel Technology Platform

Activities and projects are ongoing for guiding steel industry during its
transition towards C-lean processes

Hydrogen based Direct reduction is considered one of the most attractive
and ground-breaking C-lean solutions

Uncertainties and lack of experience with H2 content >80% exist related to:

effects on the global management of facilities from the
technological aspects point of view of production processes, energy

production, demand and distribution
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« from research to deployment of ground-breaking technologies for steel »
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Crucial aspects - efficient process
* Flow distribution zone location?

. Uniformity of gas and burden T e
* Spatial differences

T TR N
* Process stability and efficiency issues

MaxH,DR will:

* close the current knowledge gaps hindering efficient scale-up

deliver the tools needed for industrial implementation, process optimization, process
integration and investment planning
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A
Max H2 DR

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

Hybrid Demonstration:

ol

physical

+

digital

limited
scale

scale-up

hybrid

<
scale

A
Max H2 DR

Three perspectives of investigation:

3)

[ Burden preparation

yd

3% & ok

“Particle scale”
* Laboratory experiments

* Kinetic sub-models

_— “DR shaft furnace scale”

* Bulk flow experiments
(in demo plant)

* 3 detailed shaft furnace models
* Validation & process optimisation

DRI

[ Steelmaking .

“Steelmaking

process chain scale”
 Stationary scenario analyses
* Dynamic investigations (flexibility)
* LCA, LCC, social impacts




= e Process chain multipurpose simulation

. ESTEP Ro]e)| 4]

European Steel Technology Platform

* Models for steelmaking process chain
simulations allowing:

e Scenario simulations with different site
configurations

 Starting route: standard integrated
steelmaking

* Intermediate route: mixed/hybrid
configurations including CH,/H, based DRI
process

* Target route: H,-DRI-based steelmaking

Optimisation of DR process integration in
integrated plants
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PROCESS CHAIN MULTIPURPOSE SIMULATION TOOLKIT

Steel production
and metallurgical
Investigations

production
site model
(1S)

AML-based
steelmaking chain
superstructure

interconnection
Database
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Hydrogen and
reducing gas
Aspen Plus production
gas and
energy Gas and energy
networks management
modeis analyses

LCA & LCC

Social
Iimpact
Assessment




* /
- ESTEP

European Steel Technology Platform

Gas and energy networks models

PROCESS CHAIN MULTIPURPOSE SIMULATION TOOLKIT

* Models for simulating energy streams
management:
AML-based

steelmaking chain ¢ GaS Cleaning and diStribution i
superstructure

 Steam production and distribution *
* Electricity production and distribution™

*Distribution based on demand from upstream simulation/process

* All the units models can receive and provide
interconnection data from/to upstream models or directly
from/to the plant through the “Server

Interconnection Database”

Hydrogen and

reducing gas
Aspen Plus production
gas and
production symount and feotls energy Gas and energy
site model networks management
(T5) analyses

Steel production
and metallurgical
Iinvestigations

* Now:

« stationary models for all main units related to
gas, steam and energy areas in standard
integrated steelworks - starting point and
reference for the investigation of a gradual
transition

\ UC SCONAros

TATA STEEL

» pperation

e Future:

* new stationary units to simulate the changes
related to the DRI-based route and the use of
hydrogen in the process

Social

LCA & LCC Impact
Assessment

* Dynamic models
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BFG area model
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BT &wﬁe SRR B S SRR
=1 Variable UoM BFG1 BFG2
pHeRsEc I Hot Blast
BFG area first test simulation main data - _Flowate _th [ 18929 [ 28930
DSHB e emperature °
Variable UoM BFG1 BFG2 : Pressure bara 4.4 4.4
3 AR i v T e
H %mol 461 4.61 I CO> ° 0.04 0.04
H-0 4.30 431 L H20 1.20 1.20
HCN 140 I . b . }
HCI 140 I N B ‘SFLLOS 1 A HBSWINDS oTeia HOTBLAST(OUT] I To HBS kNm3/h 5211 7958
NHs mg/Nm? 05 I - Ep ﬁ = o : t/h 7146 | 109.16
282 055 : s HWHP 1 Gi//h 179316221 279229150
2 . i ° . .
3 I kNmi/h | 173.73 | 264.14
Flowrate th"/"h/ h ggg'gg gggg‘g : y I To M&ES t/ h/ 238.25 | 362.29
Temperature | °C 1771 | 176 I o Lo : Gi//h 62764818 92%31
Pressure bara 2.8 2.8 | e i ° - -
Dustmass | t/h 426 | 6.39 I - < I Excess BFG |_KNm/h | 1208 | 1836
Dust content | g/Nm3 | 17.27 | 16.88 1 L I th 16.56 25.19
Dust composition | B ] GJ;Ih . 44.32 67.40
Ca0 1.86 Flowrate | KNM¥/h | 112.37 [ 171.72
C 52.81 t/h 157.31 | 240.41
Fe203 15.14 CO> 2441 | 2442
FeO 24 63 Co 0.18 0.18
H20 owt 0.29 H.0 %mol | 681 6.82
Mgo 0.59 . . N> 66.30 | 66.28
< 034 Data are referred to a European integrated standardized steel 0. 178 | 178
Si02 227 ; . : NO , | 1242.27 [ 1243.61
e 22 mill (EU SSM) with 4 Mt zc-pa capacity o, | me/Nms (=SS =S
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BOFG area model

OSCBAIR/
DESIGN-SPEC .
DBHROSER RRHZQVEN . BOFG area first test
— CHZO'ESPR Variable UoM BOFG
FLARE > CO 64.18
H20S 1 CO= 14 27
EnThec 7 '\ [TOFLARE Hz %mol 3.39
PEUS \‘ SspL Flare 02 0.59
TRMABOFG > BOFdD +_{BOFGOL >4} N2 17.58
! i I f kKNm3/h | 4263
HBOESR \ ! owrate t/h 55.99
==y I TOGASHOL o
oo by \\ 11 :_L‘ASHLD Temperature C 1650
syst o A sftem V4 Pressure bara 1
Dust mass t/h 3197.25
DUSTIN | Dust content Nm3 75
DESIGN-SPIC orSdEAM - I Dust C{]ﬁpﬂﬁiﬁt}n
: Al>03 3.8
———— ENERGYE, (a0 L1
: FFE(}EZOE' 49;3 Variable UoM  BOFG
I = %wt 513 —— kNm3/h | 42.80
I Si00 1- . t/h 56.12
------------------L----------------- - C() 63_93
H20-3 H20-VENT(IN) H20-VENT : Fe 11.6 CO2> 14.21
I CHCO:-! 23_2 H2 3.38
DEMISTER I Dust PSD H-0 %mol 538
: 0-0.5 ym 22 N 1751
BOFGCL] BOFGCL (OUT) }I 05-1 pm 16 0> 0.59
SoraMIDIN : ;2 um owt ig BOFG Distribution
HmM % 79.79
VENTURI : 6-10 Hm 12 kNm?’/h 34 15
i 10-15 ym 11 To M&ES . 1478
t/ .
: GJ/h | 287.84
I Data are referred to a European integrated = % - 2;6251
" . . . m3 5
e s FTeTe) | standardized steel mill (EU SSM) with 4 Mt,zcpa | To Pellet Plant Vh/ 1134
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SOLH2SRM BTXREM CLEARG
l@'ﬂ R i ,, s N\\ HZONHSST:-BRE | TOSIN
= COGWiXH — COGNH3RM

N e ‘ — Variable UoM  COGL COG2
y ‘ COGHZBRM QUTSLNH3 RVINF3F2S ChLCULA Flowmte kNm?’/h 22_35 3424
o [conoProih b sera,d Second cleaningstage vh 8.26 12.63

o Y = 3@7 C:He 286 | 2.85
+ - T e CHa 25.95 25.96

Coolingand TAR condensingsection ! T (00 430 4.30

i CO- %%emol 0.04 0.04
T osgasEp : Ha 63.39 | 63.38

DZCOGNH3 D%&@L:RR B H20 278 2.79

| N2 0.18 0.18

I COG Distribution
: % 25
kNm3/h 5.59 8.56
-------------------‘-------------------
COGPRCL2(IN) COGPRCL2 TEX e 4 COGTOEXH(OUT) FOGTOEXH | l To Gole Plant t/h 206 3.16
GJ/h 105.36 | 161.30
% 51

kNm3/h | 11.40 17.46
t/h 421 6.44
GJ/h | 21494 | 329.05
% 18
kNms/h | 4.02 6.16

COG area first test To Hot Rolling Mill

simulation main data

SEPTAR ——| sePTaR(OUT) p

uaniber Uo cocl 0c2 ] - Towgs (TN 222 528
CO 443
CO2 Yemol 004 To Power Station KNm?/h 0
t/h 0
Hz2 65.34 a/h o
N2 18 55 % 3
kNm3/h | 21.66 | 33.16
H t/h 7.60 | 11.64 To M&ES KNm?/h 0.67 1.03
Temperature °C 1100 yh 0.25 0.38
GJ/h 12.64 19.36
Pressure hara 1
- - % 3
Data are referred to a European integrated standardized steel To Sinter Plant |KNm¥/h | 0.67 | 1.03
i i i t/h 0.25 0.38
mill (EU SSM) with 4 Mt z.pa capacity o/ 1264 [ 1936
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B ) »
% | 6500
kNm3/h | 327.70
Power Plant th | 446.99
GJ/h | 132455
% 554
Coke Plant 1 "Nt’/":/ h ggg
MIXBFG -
G/h | 112.84
% 839
3
CokePlant2 [/ 220
GJ/h | 171.00
% 019
) kNm3/h | 0.94
— Sinter Plant Vh/ 128
SPLTOCOK GJ/h 380
DISTRMIX it % 1.38
. ) kNm3/h | 6.95
Coal Grinding Line
] vh | 947
[TOOTH]| TooTH GJ/h 28.10
ENERGYC - % 2-83
CALCULATOR N kNm3/ h 14.25
— Steelshop t/h 19.44
i aJ/h | 5760
2 NG TPAX % 0.30
DSNGENE é kNm3/h | 151
> Caster vh | 206
aJ/h | 610
% | 2215
Awiiliary Boiler (MP steam) th'/";/ L ié;g
GJ/h | 4513
% 0
3
Awxiliary Boiler (HP steam) "Nt'}’h/ h g
aJ/h 0
% | 14.16
_ _ . KNm3/h | 7141
Data are referred to a European integrated standardized steel Residual rBFG Yh | o741
. : . aJ/h .
mill (EU SSM) with 4 Mt,.pa capacity L ui i
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Dowear E@U@@@ model
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5G] IXRBFG U’h 44 18
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ASU model

SPLTN2DB

Vanable UoM Value
KNm3/h 57.34
02 t/h 81.15
omol (purity) | 95.64
KNm3/h 21026
Nz t/h 26295
%mol (purity) | 99.57

N2D4(IN)

N2D4
HTEXC2B

[zm)
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AIRLIQ(OUT)

| N2LIGR |
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'I—I' sygcod. 2
{N2D1] ,8:
| QASB1
o
v L
Cco2L I
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] roe §B looL4
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1
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Data are referred to a European
integrated standardized steel mill
(EU SSM) with 4 Mt z.pa capacity
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PROCESS CHAIN MULTIPURPOSE SIMULATION TOOLKIT

AML-based
steelmaking chain
superstructure

»
............

interconnection

vestigations

Hydrogen
reducing
Aspen | lus productio
4 gas 7 rd
productie 25 EIVI VT S LAY B I (TS ~ergy Gas and energy
site model networks management
(TS) models analyses

Steel production
and metallurgical
Iinvestigations

Social
LCA & LCC Impact

Assessment

TATA STEEL PO 80 - -)'%‘ - Dynamic scenarios
rmount and feature:s '.‘.f.", for flexibile operation
.‘m: 0 ex) e operatio
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* Complex IT architecture for allowing the
connection of the energy network models
to upstream process models or directly to
plant/pilots:

* Receiving data

e Using data
* Making automatic investigations

It includes:

* Dedicated PostgreSQL relational database
* Stored procedures

* Further methods
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Area simulation App Stand alone mode
vy _> .
Ask for all inputs {manual set): -
exchanged, from auxiliary & - - . - - -
R e e [t Upstream area simulation service #ﬁ Automatic operative mode Downstream area simulation serwceﬁﬁ
({E;j? ) [@ Wait for a request from GUI &] -.[ Wait for a pending request ]
[ Run the simulation f%,% ] :.p\j Ask for inputs from auxiliary sources, o I [ Pick up a request @]
PROCESS Internal recycled, default exchange am Upstr Sim N. & Areald & Conv. process Id
SIMULATION T 3
v Open a new conv. orocess [ Extract exchanged data
5 W V. V3
[ Store simulation results |£j —r P P
T p Ask for inputs from aumllary
@ Increment Iteration N. sources and Internal recycled
¥

PostgreSQL

¥

PROCESS Run the snmulatlon
¥

Store simulation results [’

Store slmulatmn results |i SIMULATION

PROCESS

Application architecture SIMULATION

. stand afone mode [ User Interface logic ].—. @
Architecture I «

Controller J
]

a chained simulation

to downstream area Evaluate global

convergence condition

[

Run the simulation [ Set Iteration N. (from upst sim) ]
[ 2)
[ 3

[ Dispatch a request for

Wait end of chalned request [

design of the [ :
application [ service Layer

Requests T Requests
to get or store

H and get results l l data on DB
ma nagl ng { ASPEN Plus @} { Data Access Layer @]

SlmUIatlonS in Interaction Layer
gas and energy I

a rea ASPEN Plus Server Data Storage

Ity Cemas]
Views & SPs
({LC\\\):?_} ASPEN Plus Active X
Automation Server

PostgreSCOl

: d process conv. . Areas and concerning models are dependent. Reached
Close .

status Upstream area starts a convergence process.
Not Closed Running an upstream model automatically Close the conv. process

) causes a downstream model to be run, with $
Downstream Sim N.y & Area Id an exchange of data between them.

Extract exchanged data ] * Conv. process iterates until is open. | ‘[ Close the request
- - Downstream| area closes the conv. process

| after a global conv. condition is satisfied. L 1

ta run ASPEN simulations

PROCESS
SIMULATION

Two modes of operation of the system are envisaged:

« stand-alone mode - each model is considered as independent
* Possibility to use user settled data or real industrial data

* automatic mode - the different area models are dependent and connected within a global process
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Correct interaction between process models and gas and energy network models have been
demonstrated through the right satisfaction of balances and heat and energy demands

Models interaction

rBFG COG
Gl/h (t/h)
Coke Plant 1 21820 ?318208; %35{)%6
Coke Plant 2 33230 35??%-‘.-'013 %gig]ﬂ
Sinter Plant 35.80 380 32 (0.63)
(1.28)
Pellet Plant 7290 &%gi}
coIgmane | za10
o=l | asror | o2t %
erne? | o | 2210 o
Casters 6.10 (gég]
Hot Rolling Mill 630.10 ;5;103_695% {816 516:;
Power Plant 165394 ?ﬁﬁif f} ?D[_]ggﬁ;
oo | as1s o5
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Correct interaction between process models and gas and energy network models have been
demonstrated through the right satisfaction of balances and heat and energy demands

Total Steam
Power TRT External HP MP
Gl/h Plant Grid HP | MP HP MP BOFG Area + Power Plant + Auxiliary
GJ/h (%) Auxiliary Boilers Boiler
Coke Plant 1 + 10.70+0.83 t/h t/h (t/h of residual steam)
exhauster CokePlant1 | 4.2 0
CokehPIantQ + 16.30 + 1.27 Coke Plant2 | 65 0
ex auster Sinter Plant 0 0.7
Sinter Plant 59 20 Pellet Plant 0 02
Pellet Plant 19.90 Coal '
Coal Grinding Line 10.80 Grinding 0 0
Blast Furnace 1 (cold i
33.42 467 34 28.08 4598 Line
blast compressor) 54251 86.14 517 3 60 Blast
Blast Furnace 2 (cold I ol| 10 107 153 10.7 (361.07) 153
5107 Furnace 1
blast compressor) Elast
Steelmaking Shop 63.90 Funace2 | © | 18
Casters 21.10 Steelmaking
Hot Rolling Mill 141.41 Shop 0] 86
”‘”"E:\'ﬁgmm 073 Casters | 0 | 05
ASU 111880 Hm,ﬁﬁ:lmg 2.7
Total Demand Distribution
02 N2 02 (from ASU) N"quﬁ;m
t/h t/h (t/h of residual)
Coal
Grinding 3.40
Line
Blast
Furnace 1
(for cold 20.39
blast Oz
enrichment)
380
Blast 81.15 (0)
Furnace 2 (259.15)
(for cold 31.16
blast Oz
enrichment)
Steelmaking 5960 | 020
Shop
Hot Rolling
Mill 0.20
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The transition towards H,-DRI-based steelmaking requires closing the current knowledge gaps existing from the
particle to the process chain scales

Concerning process chain scale, modifications in process route can be translated in significant changes in
energy streams managements

During MaxH,DR EU project, among the other activities of providing a hybrid demonstrator, a process chain
digital toolkit including models for simulating gas, steam and all the energy streams management area is
under development

Models of units related to the management of gas, steam and energy streams in standard steelworks have
been developed, showed and its interaction with process model demonstrated as starting point and
reference for transitions simulations

‘

A complex IT asrchitecture has been developed for using the gas and energy network models linked to
process chain models or by using directly plant data and allowing stand-alone or automatic modes

Other models are under developments for considering new units for allowing the simulations of transition steps
starting from standard integrated route, passing from mixed/hybrid route (BF/BOF+CH,/H,-DRI/EAF) and achieving
full H,-DRI steelmaking
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