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The cement industry is one of the
world’s largest industrial sources of COZ
emissions, accounting for 1.8 Gt/y in

2005.
KVE TIN5 EHRCO2ER LM Tz
—, 20054E3LHEA 1.8 Gtly.

CCS introduction .
CCS A4

The cement industry represents a good
: : opportunity for CCS, because
cement plants are relatively large point
4 sources of CO2.

IKPE) N CCSIRft T —MBIFHIPl &, FHAK
VBB KERICO2B I H k.
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CCS introduction
CCS N4

For 5000t/d cement plant, CO2
emissions is 1.5 M tly, over 60% of total
CO2 emissions are from mineral
decomposition, which means CO2
emissions is 832kg for 1 ton cement.

X —AN5000t/dBIKTE), FHCO248xt HEl &
ARRELS0 M, HAPBERARCO245HF
60%, HramBElHERCO2 8324 .
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2. Effective approaches fit for CCS in cement industry
BB FARETWCCS HHRLG Rl 7%

2.1 introduction 44

1) This lecture summarises a study which assessed the technologies that
could be used for CO2 capture in cement plants, their costs,

and barriers to their use. The work covered new-build cement plants with
post-combustion and oxy-combustion CO2 capture.

XBEBAVEE THTAKIE] CO2MEMBIART R, RANMATTH. TRE
5B SR Fefa CO2H# 48 .

2) The basis of the study was a 5-stage preheater with precalciner dry
process cement plant with a cement output of 1 Mt/y (2500t/d) .

R RET BER LEASRT A RF R T8 1 Mt/y(2500t/d) I AEF2 28
L 4

Y L
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Figl.Schematic of cement plant
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Fig2.Schematic of cement plant without CO2 capture

7 CO2 #HERKIKE] LEZRER

C 2

Additional downstream processes, not shown on Figure 1, include cement milling,

packing and loading. 9

EREFAEREKERE, SRMEE ) *



=noma Tianjin Cement Industry Design & Research Institute

SZACLL R KR T BB 9 B BR A

2.2 Common issues relating to the addition of CO2 capture to a cement plant

KB B R B CO2 MEREE A E

1) Additional Power Requirements: There will be additional power requirements for

the operation of the post-combustion capture plant and the CO2 compression plant.

BOMIRAER: MBREHEMCO2EAEA T ERIMIBE I, RAECO2EAEZH .

2) Heat Integration: Although the cement process has been highly optimised
already, both post-combustion and oxy-combustion capture offer potential

opportunities to maximise performance through heat recovery from the CO2

compression system.

PER: BRAKE dRECEH/ENML, BERBREEHENEERRITIRELE

RARKIPHLEEE R A ER R AR ERIFERCCS RGEAEFE ¢
K,
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2.2 Common issues relating to the addition of CO2 capture to a cement plant

KB B R B CO2 MEREE A E

3) Gas pretreatment: The existence of acid gas SO2. NOx. HCI in the fuel gas

are likely to reduce the absorption efficiency, therefore need a series of
pretreatment process(dust removal, desulfurization, denitrification).

ST HSFPHRSO2. NOX. HCIZ(R RIS AR RIfELEET B 1] 68 PR Rk
IR, HESFESERAE. . RESHmAEEE.
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2.3KE) BERE CO2 MEN TEHRER
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Figure 3 Schematic of cement plant with post-combustion CO2 capture
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2.4 key features that distinguish the process from a conventional cement plant.

E5&GKKIE) X754 R RHE

1) An SCR unit is fitted between the preheater and the raw mill for NOx
abatement.

i (SCR) B oA i B ETAER A JERHE 2 (B R BRNOX .

2) Awet limestone FGD unit is fitted to remove SOx from the flue gas stream.

¥ 2 A 2K it A B e A e B SR i R IS B9 SO

3) CO2 capture equipment based on MEA amine solvent separation is
installed.

CO2HEAGHMEABE BB RS -
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2.4 key features that distinguish the process from a conventional cement plant.

E5&GKKIE) X754 R RHE

4) A coal-fired CHP plant is installed to generate the low pressure steam for
MEA stripping and to provide the additional electrical power for the
operation of the amine absorption and the compressor plant.

BEAHEBRTRE, FHANCOMHERERERINHITERRIBETMCO2 LS
ZH.

5) The net CO2 product is compressed, dried and further compressed to
pipeline pressures of 110 bara.

COi3#™= m R, THRIFE— P EEEERMEELS, HERA110bar.
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2.5 Cement Plant With Oxy-combustion CO2 Capture
K] E SRR MECO2M T ZmER
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Figure 4 Schematic of cement plant with oxy-combustion CO2 capture

KT B MECO2H T ZmiEE



Sinoma

& TCDRI Tianjin Cement Industry Design & Research Institute

REZKIE LAV BB ST B FR A 7l

2.6 Performance With and Without CO2 Capture

KB B TCO2REMEES T

Table 1 Summary of Cement Plant Performance With and Without CO: Capture

Unit Base case Post combustion  Oxy-combustion
(no capture) capture
Fuel and power
Coal feed $niH . ktiy 633 2916 721
Petroleum coke feed AVEIFRBIIHEL kt/y 329 329 271
Total fuel consumption (LHV basis) SipEE : MW 96 .8 304.0 97 8
Average power consumption SE R MW 10.2 421 227
Average on-site power generation s = MW - 450 0.7
Average net power consumption %}g}gﬁﬁ MW 10.2 -2.9 220
CO; emitted and captured
CO; captured jHEER ktiv - 1067.7 465.0
CO; enutted on-site  FHFHERR ktiy 7284 188 4 2829
C0O, emissions avoided at the cement kt'y - 540.0° 445 6%
Plant 42 = = % - T4 61
CO, a?sj.:on:b;;e v.Et powercugzoﬁﬁ}%% S kt/y 420 -11.8 90.8
Owerall net CO, emissions kt/v 7704 176.6 3737
CO; emissions avoided, including power kt/y - 5038 306.8
import and export CO2HIER , BTN/ B o5 - 77 52

* The CO, emissions avoided are the emissions of the base case plant without capture minus the emissions of the plant with CO, capture.



Sinoma
& TCDRI

Tianjin Cement Industry Design & Research Institute

REZKIE LAV BB ST B FR A 7l

2.7 Costs With and Without CO2 Capture

KIB) B TCO2ME AT

Table 2 Summary of Cement Plant Costs With and Without CO, Capture

Unit Base case Post combustion  Oxy-combustion
(no capture) capture
Capital cost” ZAHiA &M 263 358 327
Operating costs  2SpjA
Fuel 1 EM/y 6.7 215 6.9
Power Bf] €My 40 1.1 87
Other vanable operating costs H{hdFghi2 =S4 EMly 6.1 10.6 6.4
Fixed operating costs BEESHA EMly 19.1 333 228
Capatal charges 38k F Y EMly 297 63.1 369
Total costs ZpjiA EM/y 63.6 1294 81.6
Cement production cost KB4 FEpiAS Elt 63.6 129 4 816
CO; abatement costs CO2MRIR A
Cost per tonne of cement product KR SlIpiA €1t - 63.8 16.0
Cost per fonne of CO; captured iR EMICO2MPEA €t - 59.6 343

Cost per tonne of CO; emissions avoided woﬁﬁﬁ%ﬁ%* - 1074 402
* Note that the capital costs mclude miscellaneous owners' costs but exclude mterest during construction. although this is taken into account m the
calculation of overall grgigreitper.  AAMAGIEAHUFMAA , EATEEBEINE , BRREEEHTRETRHANKTE

"
R
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2.8 conclusions &

1) Oxy-combustion offers the lowest cost solution for CO2 capture at new-build
cement plants but research and development is needed to address a number
of technical issues to enable this technique to be deployed.

FEFERIKE] F B R R S ERA RIRHIBRT R, EFF NI
REEBR—RIINBR R, [ERZTEARME LT .

2) Costs are estimated to be €40/tonne of CO2 avoided for a 1Mt/y(2500t/d)
cement plant with oxy-combustion , while €107/t with post combustion.

ngoct/dﬂ(%F , BEBRIECO2MmER A RI0EN, 5N,
€107/t »

3) The cost of CO2 capture at a cement plant using oxy-combustion is expected
to be similar to the cost at a typical coal-fired power plant. The quantity of
oxygen required per tonne of CO2 captured is about three times lower at a
cement plant but the economies of scale are less favourable.

KR B LR e — AT R 00 B TS BT — B R o
CORMMRA. HAWE) , MIMMCOT /U EARALIE3NE, ERAA o
AR RAAH RN o
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2.8 conclusions &

4) The cost of postcombustion capture at a cement plant is expected to be
substantially higher than at a power plant, mainly because of lower
economies of scale and the need to install FGD, NOx reduction and steam
generating plant.

K] RBERRARATOH R TH], XERRFANBRKKIAEETFNE
BRBEMAMRRE, BORENYMBIRRERE.
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3. Cooperation with Tianjin University

GXBEAXEEIE
SR EE
R
Wz 77
= \\. _— g
&E =
= e
/
i
C # 22 > B
" i 22 fEF)i o
Tz b #

Schematic of CO2 capture in Tianjin University’s lab
CORJ B A0 5035 B A4S 4
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4. Next step
F—2£5 %)

1.Improve the existing chemical absorption CO2 capture system to establish
the experimental device that suit to our requirement.

STINB U FERBCEIHRCO2HI LI R A HITIUE, BEIUESEITREZKAISE
R E

2.Study the influence of the solvent component (MEA, DEA, MDEA and their

mixtures) on the CO2 absorption for cement kiln gas, to choose the optimal
solvent.

AR RS (MEA. DEA. MDEAREIREW) MAKRBRERESS Ak
CO2WR M SRR, BE 0 A 5 B A ) R L) o
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4. Next step
F—2£5 %)

3. Investigate the dynamic performance of the assisted heat source
(including solar energy and industrial waste heat), the impact of the variation
of the assisted heat source on the absorption and desorption efficiency,
therefore to determine the optimal coupling mode.

Bt e B AR I ShAS M N (BIERFHRER T R/R#A) , B FUHEBIRIERK
AR IR 5 AR TR S R IR, 32 I 6 R e ) e B IR U AR 5 3



& TCDRI Tianjin Cement Industry Design & Research Institute

REZKIE LAV BB ST B FR A 7l




