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Abstract

The cement industry is one of the energy intensive industries such as petrochemical and steel industry. The

energy efficiency of cement industry is high comparing to oversea’s cement industries due to the enforcement of

energy conservation policies. The purpose of this study is estimate emission factors for greenhouse gas (CO,) in

cement industry. The results of field study, quicklime contained quantity of five factories were 0.64~0.65. Mea-

surement emission (15,382 ton/day) is 40% higher than process emission (8,929 ton/day) on the IPCC Guidelines

(1996). Add to combustion emission on the lines of IPCC Guidelines (1996) is similar to the emission of this study.

The emission factor of greenhouse gas (CO,) were as follows the emission factor between 9.01E-01 ~2.15E-01
ton/ton for CO,. The result of this study is higher than emission factor of IPCC(0.51) but it is similar to U.S. EPA’s

(0.952).
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Fig. 1. CO, gas analyzer.
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Fig. 2. The process of the determination for emission
factors and emission rates.
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Fig. 3. CO, concentration of cement kiln.
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Table 1. Actual emissions calculated by each stack in the field.

Factory Stack Co, }zlux Operating time Emissions
Concentration [%] [m?/hour] Day [hour/day] Year [day/year] [ton/day]
1 13.21 378,216 23.2 306 2276.9
2 17.52 580,238 23.2 306 4632.7
3 15.27 349,109 23.6 326 2471.3
A 4 21.36 624,587 23.54 310 6168.9
S 14.84 498,655 23.44 285 3407.2
6 16.60 561,334 23.75 320 4347.1
7 15.21 494,873 23.38 345 3456.8
1 19.77 61,431 24 237 572.5
2 19.84 97,798 24 237 914.7
3 20.31 239,536 24 327 2293.5
4 19.17 120,440 24 323 1088.5
B 5 9.22 99,316 24 323 431.7
6 16.44 252,291 24 330 1955.3
7 16.49 198,439 24 329 1542.6
8 8.71 70,439 24 329 289.2
9 19.62 798,506 24 337 7385.7
1 20.00 512,097 24 226 4828.3
C 2 18.26 337,160 24 240 2902.4
3 20.67 328,973 24 240 3205.7
D 1 18.74 783,550 24 330 6922.3
2 19.22 764,151 24 330 6923.9
E 1 19.26 552,950 24 300 5021.8
2 21.19 613,244 24 300 6125.5

Table 2. Theoretical emissions of IPCC calculated activity data for each stack.

Factor Stack Clinker production Fraction CaOgyinyer M W* ratio of CO,/Ca0 Emission
Y [ton/day] [%/100] [%/100] [ton/day]
1 6,062.9 64 79 3065.4
2 2,518.9 64 79 1273.6
A 3 5,896.4 64 79 2981.2
4 3,328.6 64 79 1682.9
5 4,084.3 64 79 2065.0
6 4,397.0 64 79 2223.1
1 2,910.0 64 79 1471.3
2 1,682.0 64 79 850.4
B 3 2,717.2 64 79 1373.8
4 2,722.0 64 79 1376.2
5 6,928.0 64 79 3502.8
c 1 6,127.0 64 79 3058.5
2 9,138.0 64 79 4573.0
D 1 6,023.0 64 79 3026.0
2 6,024.0 64 79 3026.5
E 1 §8,800.0 65 79 4490.2
2 8,690.0 65 79 4434 1

*MW: molecular weight
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Table 3. Carbon contents of waste component.

Carbon contents (waste)

Carbon content (%)  CO, Emission

A e] aAAAM AH 3 ARHEA BAH e
CO, WiZEeFoln, dael AT wWiZFe AHA=e]
A4 A H7)1E 22l A wiEHE ol Al

Waste component
CCW,xFCF,) factor(ton CO,/to N -
(COWXTCT) fueor@nSOJn) e eigolrie 17129 AL 3 S8 93
Waste plastics® 64 2.35 e 5 "
sl N1 IS k=] u_l b A = A
Waste synthetic fiber 38 1.39 Fedess 174 Hetolois} AN dwE At
Waste highly 64 235 2317] Wl AA wiEFel W3t o] B wiE
polymerized compound® ' g 7l xe wo} o Al & g CO
Waste leather* 51 1.87 ¢ }04 & W Bt glat A5 2
Waste synthetic rubber® 63 234 Wk AS BE WA} 2FgH7| il
Waste oil® 60 2.20 IPCC AMA A Aol whe- u}] Zakvte] A3 vw 9
Waste solvent® 64 2.35
- ____. A 3R] \:ﬂ o
Refined oil? 86 3.15 A& HAste] A3 A F-Ee wiEwde
The others 28 1.03 %%6}04 FAEE 2 A el A7 w2
*Korea Energy Economics Institute, 2004 A4 &) 30~40%2 FAZ & e del
PActual survey data in the filed HH %_54_‘_‘—__ 7}—1 o= 1_,}.1:,].131-\:}
Table 4. Component ratio and consumption of waste fuel.
Consumption ‘o . Emission
Factory Stack Fuel [ton/day] Emission factor Unit [ton/day]
1 B-C 3.18 3175 kg-CO,/kL 10.1
Bituminous coal 692.79 2562 kg-CO,/ton 17749
Coke 30.50 236.73 kg-CO,/ton 7.2
2 Waste synthetic rubber 73.81 2.34 ton-CO,/ton 172.7
RPF 10.07 2.2 ton-CO,/ton 222
B-C 425 3175 kg-CO,/kL 13.5
3 Bituminous coal 271.25 2562 kg-CO,/ton 694.9
Coke 12.32 236.73 kg-CO,/ton 2.9
Waste synthetic rubber 72.69 2.34 ton-CO,/ton 170.0
B-C 2.07 3175 keg-CO,/kL 6.6
Bituminous coal 408.88 2562 kg-CO,/ton 1047.6
4 Coke 30.28 236.73 kg-CO,/ton 7.2
Waste synthetic rubber 75.01 2.34 ton-CO,/ton 175.5
Recycling oil 14.88 2.2 ton-CO/kL 32.7
A B-C 2.40 3175 kg-CO,/kL 7.6
Bituminous coal 406.83 2562 kg-CO,/ton 1042.3
5 Coke 30.35 236.73 kg-CO,/ton 7.2
Waste synthetic rubber 79.19 2.34 ton-CO,/ton 185.3
Recycling oil 12.02 2.2 ton-CO,/kL 26.4
Plastic 0.91 2.35 ton-CO,/ton 2.1
B-C 1.40 3175 kg-CO./kL 44
Bituminous coal 397.96 2562 kg-CO,/ton 1019.6
6 Coke 30.82 236.73 kg-CO4fton 73
Waste synthetic rubber 71.24 2.34 ton-CO,/ton 166.7
Recycling oil 66.72 22 ton-CO,/kL 146.7
B-C 0.88 3175 kg-CO/kL 2.8
Bituminous coal 397.45 2562 kg-CO,/ton 1018.3
7 Coke 30.26 236.73 kg-CO,/ton 7.2
‘Waste synthetic rubber 74.75 2.34 ton-CO,/ton 174.9
Recycling oil 67.32 2.2 ton-CO/kL 148.1
Sub total 8104.9

fFr\azis A 4239 A2 s
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Table 4. Continued.

Consumption - . Emission
Factory Stack Fuel [ton/day] Emission factor Unit [ton/day]
Bituminous coal 408.90 2562 kg-CQ,/ton 1047.6
! Waste oil (coke) 13.50 22 ton-CO,/KL 29.7
Waste 0il (B-C) 2.10 22 ton-CO,/kL 4.6
Waste oil (bituminous coal) 4.40 2.2 ton-CO,/kL 9.7
Bituminous coal 297.20 2562 kg-CO,/ton 761.4
2 Waste oil (coke) 10.60 2.2 ton-CO,/kL 23.3
Waste oil (B-C) 0.40 C 22 ton-CO,/kL 0.9
Bituminous coal 380.60 2562 kg-CO,/ton 975.1
Waste oil (coke) 13.00 2.2 ton-CO,/kL 28.6
B 3 Waste oil (B-C) 0.60 22 ton-CO,/kL 1.3
Waste synthetic rubber 11.70 2.34 ton-CO,/ton 27.0
Rubber 0.50 2.35 ton-CO,/ton 1.1
Bituminous coal 383.30 2562 kg-CO,fton 982.0 ,
Waste oil (coke) 12.80 2.2 ton-CO,/kL 28.1
4 Waste 0il (B-C) 0.60 2.2 ton-CO,/kL 1.3
‘Waste synthetic rubber 13.30 2.34 ton-CO,/ton 311
Rubber 3.10 2.35 ton-CO,/ton 7.3
Bituminous coal 785.50 2562 kg-CO,fton 2012.5
Waste oil (coke) 54.20 2.2 ton-CO,/kL 119.2
5 Waste oil (B-C) 0.80 3175 kg-CO,/kL 2.5
Waste synthetic rubber 38.70 2.34 ton-CO,/ton 90.5
Rubber 4.50 235 ton-CO,/ton 10.6
Sub total 61954
Waste plastics 29.76 2.35 ton-CO,/ton 69.9
Waste synthetic rubber 12.72 2.34 ton-CQO,/ton 29.7
1 Bituminous coal 512.35 2562 kg-CO,/ton 1312.6
B-C 2.46 3175 kg-CO, /KL 7.8
Exchange fuel 87.00 22 ton-CO,/kL 191.4
C Waste plastics 29.76 2.35 ton-CO,/ton 69.9
Waste synthetic rubber 12.72 2.34 ton-CO,/ton 29.7
7 RPF 15.12 2.2 ton-CO,/ton 333
Bituminous coal 892.85 2562 kg-CO,/ton 2287.5
B-C 5.00 3175 kg-CO,/kL 15.9
Exchange fuel 33.39 2.2 ton-CO/kL 73.4
Sub total 4121.1
Bituminous coal 565.40 2562 kg-CO,/ton 1448.6
1 Waste rubber 28.00 2.34 ton-CO,/ton 65.5
b Plastics 37.00 235 ton-CO,/ton 86.9
Bituminous coal 563.20 2562 kg-CO,/ton 1442.9
2 Waste rubber 25.00 2.34 ton-CQO,/ton 58.5
Plastics 40.00 2.35 ton-CO,/ton 94.0
Sub total 3196.4
Bituminous coal 362.00 2562 kg-CO,/ton 927.4
1 Waste rubber 44.64 2.34 ton-CO,/ton 104.4
Waste synthetic rubber 29.76 2.34 ton-CQO,/ton 69.6
E Soft plastics 49.20 2.35 ton-CO,/ton 115.6
Bituminous coal 385.00 2562 kg-CO,/ton 986.4
2 Waste rubber 36.72 2.34 ton-CO,/ton 85.8
Waste synthetic rubber 24.48 2.34 ton-CO,/ton 57.3
Soft plastics 49.20 2.35 ton-CO,/ton 115.6
Sub total 2462.1
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Az 2& wjZes} IPCC Aol w2 o84
EF A TAT AARBS 29 S
of Vb

a7 Sl my A& IPCC A3 ah&
kel xlolz} AxlglARE- 5325 ton/day, DALY AL
2 of 4,606 ton/day2 o] E Bort T ¢ AR
te Aszroz AR e W& Aeolx A ¢
Aoz vepioh 18y dael o3 wEe
a83kA] ¢ IPCC AP R Aol wha 34 wi&3
gHe AR Sl Bl mEtE S A, AGell A7 wiEg
o] IPCCel| w2 wj&3net oF 40% A= o & 7
oz vehgd.

N

BFAABARHA A B D A2E

FFH o, Ao AT wiEF ¢ T viEFE
Tejgt IPCCOH w2 &g AZel o3t Hﬂ%‘%
& ulwst A} kel Aol QKA A H oz
AR velger Apolrt e -2 IPCCE W)
23 A2 S, G5 xql YA Ak wiE
Aez T3 4 = Z9A K 443 =, 014
sheba 9 ek4ae] Bul2 Jeldr] e, oA
o)A ]l ARt B W&o @ Hlo
2 ek w5 AA Al E AN B o
Yz} 4|z a7 wet Awlee] B4 2 54
< 227] 95l HE 32 g 5 7)E Bl
7} A7l e A7 T o)A AR waghake
wstel dazlE FAEA M S e, 2
How olg z=7wisle] w} oAtz W&
o] gk W= 7oz fadd.

2oksld, IPCCY AMITA F &% APA el
Aaabgol T o] Q7] wWEel A v
apel7h whow, 1 & BAH FozH {ARRE W
5oz HF AAHAG

3.3 wiEAS A™

F7h WEe 2 T A 54 N
254 3 9 BE= Tao] Asiojopt Hs
T A4 Al MEF Aol hse Bk Az
.J_;(—] u] }\]/lé% ;,“Hz—l o]_l_ ;Lzﬂz-lo] uH%ﬁ]/\E x-)
25171 F® IPCC o) =kleln Awstm Qe
Tier 2 $~52] A338L w22k ALA o] rlx31A =)

Jeht A A5 e ARes g
T siets, FF BAAES} olHT FRIA A
A Fhol S grecid A ok A A

& o912 Aclch w7 Jetel EEA RS
@ 27} FARES FAYES) FUY S glov,
oj#fgl o|-f= ul= EPA, §3 A3 W7lmE 55
%] (CORe INventory of AIR emissions, CORINAIR) 5
oA AAsia sl dut 7] edEAle dE e
AsE 1A H9 d2E A= 2 AFYAFE 2
TE2 AMSEIT S-S d4A 99 & AR US.
EPA, 2000, 2000a; EEA, 1999b; IPCC, 1996).

WA o] A g AFes A AL AT
g2y R = (ZAIS f A AR 5 Bk
WEF 3 G5 Az A vt 2epiig
webA Al AEale egh 23 A &

=




F3 = ARRAE vl$ Fo3 ol YriE
st} AL o) &, wMiEAS AR Hag F
A8E F7RIAG (I 6). 17 60lA B 25
W AE &g $5=(E3A BAEHE AFA
o FAE 2= ez vehton, Pte] 0724
vl2d A er}t ¥ Hoz vepgrh getd W&
A Ao AA o] 4d WEH U BTt ¢4
FAAEE 2= Aoz BaEY HFE AW
ZA49 AF = =3 F4d Hoe Ak

2 Q79 AZE B3 7|3 vizA e
Tier 2 52 W&FE AHAE 4 YA 5T, Tier
1 $29) wjEeFno o st Hge R 54
ol ZAIHQl FAM=E Tier 2 £59 wW&H&
3 9lvk 53] ol¥d wiEA4s: AL
&Y 5 ZE W&zt 23 Folele &
At
5 AIAE dabez AMIE AzFH F CO,
WA W EAsEs B 59 o] AR A
Azze s wda A=Y Fo wj&A 459 A
< AHH o8 wjEA L8 AAG Hee adE Y
i gla, stagher o 2 Aoz vephd A
5 B A7l e e "dagss A4

ol ol (&
o R o

[}

—_

y=0.9096x
R?=0.6934

2000
1000 F LMcasurement emission [ton/day]

0 2000 4000 6000 8000
o Clinker production [ton/day]

10000

Fig. 6. Regression coefficient for measured concentra-
tion.

Table 5. Emission factor of CO, in cement industry.
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