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CCS: Options for Energy intensive Industry

Application of CCUS In Steel Industry
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Huge CO, emissions in steel industry
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CO, is the main greenhouse gas in
iron&steel industry. International
Iron&Steel Association pointed out
that the greenhouse gas emissions
of global steel industry accounted
for 3.2% of global greenhouse gas
emissions.
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The CO, emission in 1&S industry in china caused global attention
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Chinese steel production in
2012 was 0.716 billion tons,
accounting for the 46.3% of

the global steel output; CO,
emissions accounted for 50%o
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The gaps compared with the top level of the world
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The CO, emissions of China steel industry increased, but the carbon emission
Intensity decreased.
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The main CO, emission unit in the long steel production process
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The CO, emissions of the main steel production units
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The flow diagram of carbon material in steel production process
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== Carbon in COAL [kg] |1 }/ 0.83 kg 3.35kg . 7.76 kg
= C2rbon in Chemical
Production [kg]

1
1
1
== Carbon in COG [kg] :
3 Carbon in BFG [kg] i
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mm Carbon in CO2 [k !
oolin [ka] i 88.98kg
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1
1
1
1
1
1
1
1
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0.43 kg

== Hiden Carbon flow [kg]

17494 kg

Carbonates: ~ 422.84 kg 4313 kg

14.43kg

I T h'-'lNTE 8.56 kg 8.85 kg 6.9 kg -

10.02 kg
L 0.43 kg
15.39 kg - [

COAL
420.91kg

356.91 kg
—,

Blind
Coal:121.88kg 107.42kgj

17.16 kg 7.34 kg 00.21| 40.34 kg
Hidden : —>54.07 kg
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Carbon flow : PELLET
arising by 86.17kg i 24.5 kg
1
i

15.45 kg

ROLL
27.58 kg | 26|39 kg

J R,

167.74kg  9.83 kg —69.52 kg

electricity
purchase: ¢ v
86.17kg i ~

By'pr'ocluct
deduction:
-69.52kg

r
>
El

115.19kg ~ 16.91kg |8.17kg [17.15kg

- - i

Dissipation with Fuel Carbon Supplyas Carbonin Chemical Carbonin Slag: Carbon Carbonin Steel
Gases: 115.19 kg Fuel gas: 25.08kg products: 17.15kg 7.63kg Dioxide:386.59 5.58kg

—Zhang H, Dong L, Li H Q, et al. Energy policy. 2013
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The CCUS opportunity of low carbon development process of steel industry
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The European Union, Japan, Chinese are all starting the low carbon innovation
plan Of iron&steel industry
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The steel CO, reduced by more than 30% CCUSHE )
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Typical steel production process and application of CCUS in China
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Casel: The combination of CCUS and the

utilization of waste heat
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The energy flow in typical steel production process
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The CO, mitigation potential in energy recovery network
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The application case of exhaust energy utilization technology
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Sinter exhaust waste heat recovery and power generation system
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Converter gas recovery power generation system
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CO, annual emission
reduced by 16 million tons
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Chinese  first CDM

project of metallurgical
process
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The carbon emission scenario analysis

wm Carbon in COAL [kag] e —————————————— - ————————————— -
== Carbon in Chemical Production [kg] ,/_ 0.8%k A3hkg ‘\
= Carbon in COG [kg] t ) ° - 3
= Caron in BFG [kg] 1.23kg 0.66kg COG—3238ka
= Carbon in LDG [kg] 78.84 kg | | !
= Carbon in CO2 [k.g] 36.35 kg ;
- B-!rproduct deduction [kg] 0.43 kg 18.12 kg ' 1
mm Hiden Carbon flow [kg] 1
mm Carbon as CO2 [kg) BFG 8.17 kg !
mm Carbon as Chemical Production [kg] 88.98 kg 0.73 e - :
Carbonates: i 422 84 K !
! Bd kg 43.13 kg 1
14.43kg DG, i
— . 8.85 kg 6.9 kg L
10,02 kg il L R \Gast |
COAL 0.43 kg I
420.91kg 15.39 kg ;
|
Blind 14.46K 7.29 kg d
Coal:121.88Kg 107.42kg ! 17.46kg 7.34kg — - - _!
H 4034 kg ~ ~
Hidden H < —54.07 kg )
Carbon flow _— 1 PELLET Jr
arising by °'*k0 H [RoLL
electricity i 24.5 kg 167.74kg 98349 2758Kg | 26.99kg ©204K9 25.43 kg — 54.07 kg
urchase: 4 | — 5
Sisakg i ~ ‘ Ay
54kg i i Byproduct
N SN NV [ — —————— i -
deduction:
-54.07kg
19.72 kg . 5.58 kg
< ~ 53.41 kg
Carbon in Chemical Carbon in As Carbon Carbonin Steel 5 aragonite calcium
products: 19.72kg slag: 7.63kg  Dioxide:474.87 5.58kg carbonate: 53.41kg

T FRCO, HHAE B N1671.92 kgCO,/HikH4AN , #1234 T FRBRHERR 15%.

—Zhang H, Dong L, Li H Q, et al. Sustainable Energy Technologies and Assessments, 2013
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Technique Cases 2: CO, Capture by Situ

Carbonation and Fixation
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CO, Separation and Mineral Sequestration by Steelmaking Slag
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Strengthen TSA and separation of waste heat/CO, mineral sequestration by
calcium based solid waste



Mz RNk IR L E KR B R

Steelmaking Slag is a kind of Solid Waste Produced by Steel Process
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SIS ERAKERLY200%: CaO + H,0—Ca(OH),
FLEGRBAKERA77%: MgO + H,0—-Mg(OH),
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CO, Mineral Sequestration by Steel Slag Carbonation

Ca/MgEH 49 + CO, = (Mg, Ca) CO,
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CO, situ fixation High value application of multicomponent

SEILNERICO, thFF A, CURIGIER, SEBURALE K.
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CO, Mineral Sequestration is a CCUS research hotspot

1 1
I . 1 (<
 IRERE WWWEN /KX | ; s |3 :
: L 38 2 £ ] Mineral ,
! T ca? Mgz}_@/\ o 1 I § B - O
| - 1 ! AR Q [ E a ]
| / } [O] L ~ 100000 1 b e 7
; iﬁ 1, 5 \ - - I
0 | [ 1 S Underground !
9OA)COZ I ) 1 £ 10000; \ inzction !
! L8 EOR |
| : I g 1000 1 V I
I g 4 @ — |
i caMgcod “ N g |
S I
| e L8 |
| 1 : :
I )
I TS ;ﬁ%‘ﬁ Lo 1 e—Yy —YY —Y . >
: ﬁr%ﬂiﬁ&ﬂ: : : 1 10 100 1000 100001000001 000 000 :
L R— _ | Carbon storage capacity (Gt) _ _ _ _ _ _ |

R.Zevenhoven et al.,Greenhouse Gases: Sci. & Tech. 2011,1,45

o HhERES, WLTEMER K. S. Lackner. Science 2003,300,1677
& FEVKNERZE. BE, NHERmBN
¢ EABRNHBRBRASEITEAE, BHS5HE TS EER 9



CO, # % B = B4t
Materials for CO, mineral sequestration
Ca/MgZEN ¥r]{E A COL N ¥ 2 ) JE &} /Both Ca/Mg-based minerals and industrial solid

residua can be used as raw materials for CO, mineral sequestration.

- 2H plt/Composition e, kalkg Recs, kalk
MgO, wt% CaO, wt%
w Dunite (ZEiii4) 49.5 0.3 6.8 1.8
g Peridodites g;;%%;glte(fﬂﬁ% 454 07 - 5
é Serpentinite (#E4CF) ~40 ~0 ~8.4 ~2.3
Wollastonite (fE7KF ) - 35 13 3.6
Talc_ " - — o
Iron & steelmaking slag ~10 40~65 ~7 ~1.9
Municipal solid waste incinerator - 20~35 ~17 ~4.6
Waste concrete and cement - 10~30 ~23 ~6.4
~Cement Kiln dust 1-2 46~50 ~8.4 ~25

(v BARRME/E45; Generally alkaline and rich in calcium;
v AREA; BTAk; HWIRAR ERALFEATREM; Their low costs, the widespread

availability in industrial areas and their chemical instability shown more
reactive than primary minerals;

v &R TESEEE, THYFHFTIILRNA; Contain abundant metal elements,

which can be recovered for further industrial application.

solid residua
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CO, sequestration by solid residua carbonation
> FIAEEEFIIENCO, B ERLRF E KM% /1; The breakthrough concept

of using solid residua as raw materials for CO, sequestration have great
potential market, especially for the development of Circular Economy in China.

iR TR AR A =& CaCO, T RIFH
Process industry Situation of solid residua production & CaCO; demand

Utilization ratio limited to

Iron & steel industry | Steelmaking slag > 50 Mt/y about 40%
(0]

Cement kiln dust > above 60

Cement factory Mty

: Difficult to be used
salt slurry: 1.3 Mt/y; boric

sludge landfill > 17Mt

High value-added CaCO; > 13
CaCO; industry Mt/y; low value-added CaCO, > Be in hare demand
5000 Mtly

SUHESERE, BEERZRETERRNER S M NESE ~ikERS,
LA R [8]3EC0, 7 {1t 5

Chemical industry
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urgent need to improve the efficiency of carbon fixation and carbonation
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J. Sun, Energy & Environmental Science, 2008, 1, 370
K. E. Kelly, J. Greenhouse Gas Control ,2011, 5, 1587
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IPE: Composite medium fortified with calcium based solid mineralizing fixed CO,
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The carbonation process characteristics
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The carbonate mineral sequestration Technology applied in steel process

Selective leaching of metals
from steelmaking slag

Mineral
extraction
process

Recovery
usful
component

Enhanced
carbonation
process

additive

Medium
recycle process

e —————

Liquid phase

Waste heat can be
integrated in CO, mineral
sequestration rout

> as as an an a» a» e =

Enhancing CO,
carbonation & conversion

CaCoO;
product

E' converted into value-
:‘ added product
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5000 t/a pilot plant for CaCO, production

Enhanced carboantion process

- M

Heating system Dry segment of CaCO,
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Comparison of net CO, sequestration efficiencies

Feedstock FITEESS Leach_lng Tlco, [%] Product utilization reference
route media
wollastonite direct water 68.74 landfill
- - . Product after CO,
wollastonite direct water 61.74 landfill sequestration not
Steel slag direct water 55.74 landfill valuable use
Olivine direct water 58.74 landfill -
serpentine direct water 68.74 landfill Bad industrial operability
N . Molten / and low efficiency
Mg-silicate indirect MgCI2 56.74 MgCO, /4
- CaCO, used for
Waste cement indirect water 66.74 desjlfurize Traditional CaCO3
wollastonite indirect | Acetic acid 71.74 CaCO, production emits large
— — plenty of CO,
Mg-silicate indirect HCI <0 MaCO, | Z/ﬂm,
. L~
limestone direct - -36.32 Ground calciy . .
carbonate Reaction media
i : effectively recycled,
limestone indirect water -138.47 Precipitate calcium y Y

product has high value

Steel slag

indirect

TBP-HAC

202.01

Precipitate calciur
carbonate

—

7

This work

About 0.9 ton CO, could be reduced per ton precipitated CaCO4 production.
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Novel process integrated Eco-System
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» CO, comes from blast furnace gas/CO, sequestration materials comes from
steelmaking slag;

» CaCOgproduct used for sinter flue gas desulfuration;After CO, sequestration,
all of the products used for cement production.
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The CO,reduction potential of mineral sequestration
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Case 3: Chemicals
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oroduction from coke oven

gas combined with CO, Recycling
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Chemical production from COG combined with CO, utilization
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Methanol, ammonia, urea and carbonate is produced from coke oven gas. CO, is
utilized for carbon complement to methanol synthesis, urea and soda production
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Implementation case in industry
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equipment of 100kt/a CH;OH production from COG equipment of 50kt/a NH; production from
methanol exhausted gas
Regular BEG rout
routine
ammonia routine B AR P67, 4ThE %
Hard coal (tce/t) 0.57 0 7‘5?- u}ﬁ ‘__‘éﬁj N E] fi
2 O
Soft coal (tce/t) 0.57 0
Electricity (tce/t) 0.11 0.28 67.47% of carbon element in flue
Steam (t/t) -0.37 3.19 gas is solidified in product

Synthesis ammonia
B9 N1 20 NA
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There Is huge potential of CCUS applied on iron and steel
Industry and the systematic analylis and evaluation of the
Integrated process

® CO,fkak A9 % H5ARNA A & XTI

Low cost CO, separation and large-scale utilization is the key
point

° FRARLARERIANRREERRRES A

CO, solidification through carbonation and chemical
utilization is an important and effective route







