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Study on CO, reduction of cement with fly ash substitute from the perspective of life cycle in China. XIAO Jing, LIANG
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Abstract: The CO, reduction induced by material in the situation of fly ash replacement is calculated by the guideline of Greenhouse
Gas Emissions of Chinese Cement Enterprises. Meanwhile, the CO, reduction induced by energy employment also defined by the
methods from Intergovernmental Panel on Climate Change. The results show that considering industrial symbiosis with coal-fired
power plants, 92.676kg/t cement of CO, are reduced. It is demonstrated that the replacement of clinker with fly ash is the main part
leading to CO, reduction in China's cement industry. When combined with the replacement of raw materials, the maximum CO,
reduction per ton of cement can be up to 373.303kg. In the application stage, the carbonization effect of concrete formed by fly ash
and Portland cement has increased, and one ton of cement will adsorb 192.015kg of CO, by 2050. In the context of fly ash
replacement, the emission reduction caused by the change of waste heat generation and the clean electricity employment with
different proportion are forecasted. It is found that the measure can also effectively promote the achievement of carbon peak and
neutrality goals.
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Fig.2 Principle of CO, emissions and absorption from cement life cycle
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Table 1 Calculation method of CO, emissions during the life cycle of cement
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Fig3 Schematic diagram of the distribution of cement plants and power plants
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Table 2 Chemical composition and mass fraction of materials

R Si0,  ALO;  Fe03 CaO MgO  LOSS
A 0.021 0.004  0.003  0.530  0.003  0.436
Rt 0.758 0.120  0.039  0.005 0.010  0.051
R 0336 0.043 0496  0.051 0.019  0.022
MK 0369 0.201 0.108  0.184  0.008  0.032
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Fig4 Calculation process of fly ash replacement rate
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Table 3 List of materials for cement production(t/t cement)

K ARA Hit B IR HE

BS 1.386 0.134 0.042 / 0.050
R1 1.345 0.130 0.041 0.029 0.050
R2 1.303 0.126 0.039 0.059 0.050
R3 1.262 0.122 0.038 0.088 0.050
C1 1.248 0.120 0.038 0.095 0.050
C2 1.109 0.107 0.034 0.190 0.050
C3 0.832 0.080 0.025 0.380 0.050
F1 1.386 0.134 0.042 0.111 0.050
F2 1.386 0.134 0.042 0.429 0.050
F3 1.386 0.134 0.042 1.000 0.050
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Table 4 CO, emissions from material transportation and the

difference from conventional distance(kg/t cement)
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7K T1 T2 13 100km Table 5 CO, reduction caused by fly ash addition under
BS 0-614 0.614 0.614 0.614 industrial symbiosis (kg/t cement)
R1 0.633 0.777 0.849 0.956
R2 EORLE 0.652 0.939 1.083 1.298 I H BS R1 R2 R3 C1 C2 C3
R3 Cg ﬂtﬁl 0.671 1.102 1.317 1.64 T1 / 7.395 14.789 22.184 23.869 47.739 95478
Cl 2 HHI 0.673 1.137 1.368 1.716 T2 / 7.251 14502 21.753 23.406 46.812 93.624
C2 0.732 1.659 2.123 2.818 T3 / 7.179 14359 21.538 23.174 46.348 92.696
C3 0.849 2.704 3.631 5.022 100km / 7.072 14.143 21.215 22.826 45.653 91.306
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Table 6 Heat consumption, coal consumption in kilns and CO, emissions from coal transportation (kJ/t cement)

= BS R1 R2 R3 C1 C2 C3

Pkl A 25 Cln#kd 450 C 717.472 709.468 701.464 693.460 689.363 661.255 605.038

BBk 65.471 63.507 61.543 59.579 58.924 52377 39.283
A Yrkl A 450 ChnFAE] 900 C 822.271 813.098 803.925 794.752 790.057 757.843 693.414
o ﬁ TR £ 900 C i 2279.471 2211.087 2142.702 2074319 2051.524 1823.577 1367.683
SHERIRER £ 11 900 C g 1400 C 599.680 581.689 563.699 545.709 539.712 479.744 359.808

S Rl A 105.807 104.627 103.446 102.266 101.662 97.517 89.226
Gt 4590.172 4483.475 4376.779 4270.085 4231.242 3872.312 3154.452

o B L= 4 b 16.466 15.972 15.478 14.984 14.819 13.173 9.880
ﬂﬁ'f_ KR P B 421.212 416.513 411.814 407.116 404.711 388.209 355.205
&it 437.678 432.485 427.292 422.099 419.530 401.381 365.084
HIEHFE Q 4152.494 4050.990 3949.487 3847.985 3811.713 3470.931 2789.367

Pt (kg) 141.748 138.283 134.818 131.353 130.115 118.482 95217

MR iaki CO, HEBUE (kg/t /K) 1.717 1.675 1.633 1.591 1.576 1.435 1.153
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HL 30kW-hL S R B AC R IR B AE 10 B
8 FT R, = A1) CO HE I B e L 5 BS B 2= H an B 5(c)
P e Ak ds R 2 0.852kg COo/t 7K.
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Table 7 Electricity consumption(kW-h) and CO, emissions
(kg/t cement) of material drying and grinding at various

substitution rates

KR A FEIAE 7 _ A CO, ﬂLbﬁ(i _

JEUR SR B JEURL SR B
BS 12.792 24.991 7.804 15.247
R1 12.408 24.241 7.570 14.789
R2 12.025 23.491 7.336 14.332
R3 11.641 22.741 7.102 13.875
Cl 11.513 22.492 7.024 13.722
c2 10.234 19.992 6.244 12.197
C3 7.675 14.994 4.683 9.148

*8 BEBEKETHRMEFRERW hF CO, HME ket
7K3E)
Table 8 Electricity consumption(kW-h) and CO, emissions

(kg/t cement) of coal grinding at various replacement rates

T H BS RI R2 R3 Cl c2 C3
FEHEE 4252 4148 4.045 3941 3.903 3.554 2.856
CO HEltht 2.594 2.531 2468 2404 2381 2169 1.743

2.3 BoBMBRE

JEURERb I 3 R R IAE ™ A B COL 200
BB 92%P2 S R AR T % Be b Uk
IR IR A2 1) CO, IR 9.

F*9 ZBRETHRMELRE CO, HEME (kg/t 7KIE)
Table 9 CO, emissions from Calcination at various

replacement rates (kg/t cement)

T H BS R1 R2 R3 Cl 2 C3
o 583.625 566.290 548.955 531.620 526.567 466.900 350.175
JT I

SR IRRE 392.995 383.389 373.782 364.176 360.743 328.491 263.988

F10 BERETKEMEREKRW R CO, HM R (kg/t
KR
Table 10  Electricity consumption(kW-h) and CO, emissions

(kg/t cement) from cement grinding at various replacement

rates
Ul BS Cl1 c2 C3
HLUFE 25 22.625 20.25 15.5
CO, HpjiltiE 15.253 13.804 12.355 9.457
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Fig.5 CO, emissions from different stages at various substitution rates
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Table 11  Prediction of CO, reduction in cement application at
various replacement rates (kg/t cement)

FE4 BS F1 F2 F3
2030 17.299 27.678 41.517 64.005

2050 51.896 83.034 124.550 192.015

IR i ek e L e AR I R R, AR CO,
AIVBIE BRI T NS P R A A SN S AR
JoS B PR < AR 7, A58 - il € BRI, e I RE AR D A
Sk R PR AR AT IRD B A 45 K, A ) T
CO, Y HL K KD I DT A P RE 22y 45

TAAKIEE BT B S HIB B CO, Ik
PP U IRAB N 0% 10%. 20%A1 30%
(IR BE - AU 5 Ik AR A 2F T AR, AT
T RIS B T B A IR R I, S50 25 SR
% 10%. 20%H1 30%K 5 A 11 VR ik 1o A4 3 152 4l
HIARBEYEIKI 1.6. 1.9, 2.4 15 MRS KR
T8 LB A S P ROR RS i 2 IR SRR PR G R, Y
WAEIABINE A 40%H1 50%INF, VR Bk 1B Ak 14 5 )
S AR IR K 2.8 F1 3.7 455 A4 LA_EWT 9%, &%
R T iRAAE 1) COL IRHFIE LR 11 Fios. 4%
R&FN F3 HF,E] 2030 4F CO, 9 HEE N 64.005kg/t
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& 12 KREFIMNEERERD (KW-h) K CO, BHEE (ke/t 7K
Je)
Table 12 Reduction of purchased electricity(kW-h) and CO,

emission (kg/t cement)

JiH BS R1 R2 R3 Cl1 2 C3
RGEEIN

7KIE)
KPR 44380 43295 42210 41.125 40.738 37.096 29.811
RIK LI
TAHEFE 0000 10019 11.324 12.576 15.382 21.932 35.031
WD HIHE

i 0.000 8.934 9.154 9322 11.740 14.648 20.463

CO. iR 0.000 5451 5.585 5.687 7.163 8937 12.484

159.767 155.862 151.956 148.051 146.656 133.544 107.321

0.000 1.085 2.170 3.254 3.642 7.284 14.568

F£ 13 2030 4. 2040 F£F0 2050 F£ 3% EGER & B L& TN

Table 13  Forecast of China's energy generation structure in

2030, 2040 and 2050
F AR(%) T EYH (%)
2030 47 53
2040 36 64
2050 9 91

IIE A b 38 S R RE A R A SRE  rT A A b Ak
) P 8 (AT AR 5 K S (R A FEL ) A B A 2B 7
T 22,2030 4E. 2040 A1 2050 FE [ REIR K L 4h
TP 3146 13 Fios 25 AR L 7 SRS ik v g, 45
AR A FE i FHR: v vt FE ) AT SIZBIL) COL ik
IR 14 Fros SN RS AR B BE oK
JEN BE B B HLRE 2 R 25 4 FAR B /K e Ak 1Y)

AN FEL ) SR FH T i FEL L FE COL T AT R ).

Bt 3 v L ) LA R I T B N, C O, R HEEAE 2030
TEL 2040 4 2050 AR W, E 2050 K
CO, JkHE =y 17.319kg/t /K.

F14 SMNEEBREBRWhREFRD COmHEE (kg/t 7KIR)
Table 14 CO, reduction of purchased electricity(kW-h) and

clean electricity (kg/t cement)

TiH R1 R2 R3 Cl1 C2 C3
SMEHEE 31195 22261 22.041  21.874  19.455  16.547
2030  10.087 7.198  7.127  7.073  6.291 5.351
2040  12.181  8.692  8.606  8.541 7597 6.461
2050 17319 12359 12237 12.144 10.801  9.187

2.7 CO, HEF

2020 FIREDKVES“EL 23 14 tHTR CO, &
14.66 4,20 5 E CO, HEUR H 1 14.30%. a5k
15 7R, &M Bt CO, JcHE M sy B Ve ok
e BB BRI B ERHE S ORIV R
HRHBRE M BE 1K) COL ik = T 4% [ CO, HE it /b
8.57% Ja Kb B Ml AL A S5 161 COy 9 1 AT 45 4 5]
CO, HEU D 2.08%:; % 2050 4 KA AT K e
ARSI CO, AT 4% [ CO, HEBU D 1.23%.

SR AR PR AR R A R BCRHB S B AN B B T
[ BN SR AT A9 IR A A A 4 i i v A B 7K
U CO, Ny 461.675kg,CO, MRHER 4 10.619 12
t,i 2020 R FEBCER I 74.10%. W1 S EAE A Bk
T dlge 2°C LA, B 2050 45k CO, HEBCEE 2
ELIEAR K STk 2 50% DL B339 S 15 4 i 4 B A 4
BRIELE T AN I 1.5°C, H EZK VAT ML 3 2050 4F Ak
IRHEELIR F] 70% LA b B FT s L3R 0, A F) 0
A B B AR B v v A FH mT RS K e AT
AR T BT ).

F 15 KREGEAEMERAK CORHEE K Sk
Table 15 Maximum CO, emission reduction and its

contribution in each stage of cement life cycle

Wi ALK CO IR YRR KA L
HEE(kg/t 7KIE) Az v (45 )

B B 92.676 2.132 14.54%(2.08%)

&% S Tiel K 10.072 0.232 0.58% (0.23%)

AkeHBRE 363.231 8.354 56.96%(8.57%)

KUk B 5.796 0.133 0.89% (0.13%)

1 Y BE(2050 4F) 192.015 4.416 8.57% (1.23%)

3 AT

W14 16 B SRR B AR TR AL R
FUSERE . HUFESS A 55 BS AT o M i
FRJG 1KV TT 544 AR 159.973 76,38 B K Y Al %
PRIy R AR AT BLIE IR 2 T
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Table 16 Cement economic benefit induced by fly ash substitution
) . . - o 177 (kW-h) s
T H HIKF R Yok KR U9/ pr—y KT &l
BS(t) 1.386 0.134 0.042 0.000 0.142 42.045 25.000 /
HERE 9%+ BRE 40%(t) 0.707 0.068 0.021 0.481 0.085 21.814 13.363 /
A (D) 130! 126.301" 180012 4511 601144 0.6351 /
VB R AR () -88.270 -8.336 -37.800 +21.645 -34.257 -12.847 ~7.389 -167.254
BRI A L ) 4.970 4.970 4.970 26.150 26.150 / / /
IZ A (TT) -3.375 -0.328 -0.104 +12.578 -1.491 / / +7.281
&1t(T) / / / / / / / -159.973

RN EAS YD+ R A TGN,

4 it
4.1 KPS HL R 70km (K] HEAT AL AL

Az AT A KIS A IR R K 5 K I AR s
iy CO, HETAL

4.2 PRUEKVE BRI T ARV AR S s T ol
9%, ZIEAE T CO, Ikl 82.511kg/t /K.

4.3 [N HEAT A2 RRE ARR R AR, B 2 T b
CO, fEHK 452.586kg/t /K.

4.4 LEIEE P ST, 2 2050 4F CO, il
KA 17.319kg/t K.

4.5  fim (AR R RURE AR, S B v i A,
B 2050 4, JHEE N 461.675kg/t KV, 15 2020 4K
VAT S HETR L) 74.10%.
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