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A= o2 BAgon, =52 1008 &5 A3kl AlA Al 11919

lo

ANHE AAeEe 1991 9] 383357 EoA] 19970 59,796 Eo® AF
of o]2 ¥ IMF9 ooz 1998del= Hduin] 23 % stttk 18y

1999 B Al F7bst7] Alzbate], 20031 9] A4S 59,1943 Eo R FH
T AAAES] 1997 Sl s o) o] 2004 54,3303 &, 20059
o= 47197d Eo2 2003de VHeR va gasta 9= AAolth

Table 1. Trend of demand and supply for cement in Korea
(unit: thousand tons)

1991 1995 2000 2003 2004 2005

Production 38,335 55130 51,255 59,194 54,330 47,197
~slag 1,710 3609 5074 7,847 8736 8046
~clinker 34999 51,894 45719 51575 48251 43,071

Exportion 1,228 966 3,945 2612 2641 4024

Importion 7,160 2,082 518 1,809 3,398 3,403

cDoor?slﬁf;gﬁon 37,115 56,502 48,000 58302 54,942 46,286

* Korea cement industrial association



a gt 287 A2 19919 9] 34999% =l A 20030l = 51,575
S7ketol AW 328 %o FTUHES VIS o 20044

=
482517 &, 2005 el = 43,071d EOo =2 FasteE FAlolv. F9A A

& Ao AT F T3

—m— Cement —e— Clinker

Production(thousand tons)

Year

Fig. 1. Production trend of cement and clinker
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@, al CaS0, * 2H-0O

Fig. 2. Flow diagram of chemical reactions and products

from production process of cement
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Fig. 5. Flow chart for the development plasticity
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AHIEARY & ol | A tandF
of vjato] wig- Aw, A4 AN A8V ojisEAE vk
= 5S40 wet AV WS AR o F 5 A BHgo] 2 Al Eokeltt
(=5, 2005). £ 33 o] AHEAY S d5 dadARGE= A4 &

Aol H @2 olidseas wiEsta u AWMES] FUR3] 434
ko

(fr& &, 2004).
AME Abfol A A et= 2A7FAZ = CO, CHy N2O 5o AARE

SEA AHET mkek o] oMo daet 1 WA T o=

Table 3. Current status of CO2 emission from cement industry
(unit: 10°TC )

Fuel
Y itumi . P P Total
ear bdgurglég]f) B*C Oll &ﬁ{te subtotal ower Trocess ota

2000 3,295 36 172 3,503 722 6,323 10,548
2001 3,361 24 176 3,561 735 6,064 10,850
2002 3,491 26 171 3,688 776 6,922 11,386
2003 3,634 26 108 3,768 308 7,133 11,709
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M=o edsts MEF WAPRAE 2 F A g A

HA e VISR H AP A AAPCOZE datsts 2971 At

Yzter 247~ w &7 AP W (Cement-based
GHG emission estimation methodology)¢] EHEPA, 1999).
=97 Aol 4z BHE olsfslr] g4 2AVMA wiEF AHA
of Z2a% ARVt ZIdasdd g4 A48T+ s il A
b

(IPCC, 1996). ol ®tafj, A|E AibaFel] Az

4 (process), LA A A]M(stationary sources), ©|&AALAME (55542
AL, A7 EAR(FH7)EwY) So2 R 5 dtH(WBCSD, 2005). =

e £ W 24 WNE AFom 2As MEL FRAY, 4%

MEs g ER FEY 5o AAMEe Al &%, Beld
Gt Ak, oJFARAM B 2] WPNA BAGE SHbs WEL
guse, BHRES FAE AUA ARAGNA TATE L7}
ssh gl AfEA gE AMA WARE SAs RES 0T

tH(CSI, 2005).
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3] Annex 1 =7Fl 49 A5, dAARE ATl TFA7A G

QAR AFGee F7h FolE molm ITHWBCSD, 2005) L]
B gel A9 dAAR Agol B A ua) wne 5xo)

* L

Table 4. Recycling of waste by-products in cement industry
(unit: thousand tons)

9% 2 9= 1999 2000 2001 2002 2003

AA 1208 1097 1031 1,105 893

g e 816 929 945 1121 17282

o o 36 156 239 178 212

2 27 1n 102 117 111 102

2 0 AZGERI 484 461 702 693 793

2 maEZe| 536 501 326 402 332

R EEY 67 117 180 302 422

71 €} 185 2718 220 310 294

P/Cokes 227 222 245 241 153

A | HEolo}, nFF 63 77 139 230 298

% | WDRGESAASE) | 27 35 71 97 115

KA ZeE ) 6 5 15 28 71

= T B 3890 5080 4821 5224 5101

& | Aws 2 aza | 132 122 9% 82 71

A 7) e} 282 64 55 63 100

. S 3A 3 351 529 613 662 607

e 84 A 66 187 252 299

Tl me@enn 5| 2 52 49 58 49
& 8438 9893 10050 11,159 11,199
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Table 5. Consumption ratio of alternative fuels in cement industry.

(unit: %)
Countr Bituminous 0il G H . Alternative
y coal 1 as €avy o1 fuels

America 58 2 13 0 26
Canada 52 6 22 4 15
Europe 48 4 2 4 42

Japan 94 1 0 <1 3

Korea 87 11 0 0 2

2
l-lO
kil
o
o}}‘l
4
it
rlr
=)
o
o,
=
L=
d
o,
RN

fso] Ave few ey T eolo] FYA NOHAZE T}
glom, 9d drHnw gredegd wAge AL ool YTH(HE

@ 1995). & 6 oM H= kel Zo] eyt AWE 4]l thAd =

Table 6. Quantity of consumption alternative fuels in domestic
cement industry

(unit: thousand tons)

Alternative fuels 2000 2001 2002 2003 2004
Waste tire 70 125 206 274 333
Waste rubber 7 14 24 23 29
Waste plastic 5 15 27 68 160

* Korea cement industrial association
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o7 AAEA AAE o]fste AaANS & F U

L2719 dukA el ¥l = Dynamic flash combustion method
Ao SPE U dAES 47 ASAA Columno & A7 &
TCD detectorE ©]&3to] A= Wolth. LA 7 = A&AF
FUAA, Column % TCD detector® TF+A o] Ao Alg55:9#H2 0.1
~ 100 mgo = "FE FYa7] Wil 0.00lmg7tA A=FE + U+
AUAZE o] &ato] A Fstolof gt

R Aol AE tAdRe] wae)

sto] A8 E AAg e & Containeroll °F 15~2 mg FY3% thS Autosampler
of ¢ ¥ FAY Y E 7 2 YA o]gW EAxzHoth
Table 7. Analyzing condition of elemental analyzer
GC/TCD
Column ParaQ-X(2 m)
Detector TCD
Carrier gas He(99.999 %)
Carrier 140 mL/min
Flow 02 240 mL/min (99.9995 %)
Reference 100 mL/min
Furnace 900 C
Temperature -
Oven 700 C

A=k

S DICENEREEIE

Aol A AR

@D Furnace temperature® 950 C= A A

@ TCDY oven temperatureZ 70 CT= A

7

B AR ged 2

ey

0|

gkt

@ Carrier gas(He 99.999 %) flow=E 140 mL/min® A & glt},
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Table 8. Reproducibility test for calorific value analysis using

benzoic acid.

Times Mass of Standard(g) Net calorific(Kcal/Kg)
1 0.9997 6,320
2 1.0314 6,319
3 1.0002 6,320
4 0.9983 6,318
5 1.0189 6,321

Mean 6,320
SD 1.14
RSD(%) 0.018
SE 0.51
RSE(%) 0.008
Min. 6,314
Max. 6,317

3 A2 Benzoic acid(A ZAF IKA, &Y % 6323 + 457 Keal/Kg)=
o] g3t FYUYAEY FYHol e BEHF AP S HAAsAT 19 7
oA B ule} o] AR FAE 27 04998 g, 1.004 g, 1.5001 g

o 747 FYUste] BT A3 ZHE WAFE WAt 1 ~ 4 callg
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Fig. 7. Results of calorific values using injecting standard
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Table 9. Worksheet for emission factor calculation

Step 1(Fuel Data)
Carbon of Fuel Carbon of Fuel | Carbon of Fuel Total

Inherent
Item Moi Hydrogen
(as received basis) |(air-dried basis) (dry basis) Moisture | Moisture
Sub-item A @ ) ©) @
Unit (%) (%) (%) (%) (%) (%)
Calculation | @*((100-@)+100)
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Step 2(Heating Output)
Fuel Electric Heating
Item Gross Calorific Value Net heating value
Consumption| Power Output
Sub-item B C D E F
Unit (kcal/kg) TJ/ton ton/hr MWh TJ/hr
Calculation ([B-{6x(9x@+@)}1x4.18)x10 ° CxD
Step 3(Emission)
Item Carbon Emission Factor Carbon emission Fraction of Carbon Oxidized
Sub-item G H I
Unit ton C/T]J ton C/hr
Calculation (A+100)+C FxG -
Step 4(Carbon Emission Factor)
Item Real Carbon Emission Real Carbon Emission Factor
Sub-item J K M
Unit ton C/hr ton C/TJ ton C/ton ton C/MWh
Calculation HxI J+=F J+=D J=E
Step b5(Carbon dioxide Emission Factor)
Item Real COz Emission Factor
Sub-item N 0) P Q
Unit ton COo/hr ton COo/T] ton CO»/ton ton COo/MWh
Calculation Jx(44+12) N+F

N=+D

N=E
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8,137 Kcal/Kg, ZwxHa+= 9 118 Kcal/Kg, At +3HA(RSD)+=
145 %, A EF L A(RSE)= 065 %= YEY
sS4 gre detolele] A% 53 WE RAW A% A4 uwdy

7o ® 9,029 ~ 9131 Kcal/Kgo €%FS &Qlstdon, i 2o

o
wm
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o,
z,
=
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et
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F2 9,088 Kceal/Kgel L, £+ A+ o 384 Kcal/Kg, RSD 0.42
%, RSE 0.19 %9 =2 Ad4S FAstdvt. deolo] ddF &4
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A3} steel wireE ETEHA XS Eo A=k 7ol steel
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Kecal/Kgel s HedS A8 5+ ddh

AA AWME A Al A, dAARR AFololE AL %o
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Table 10. Calorific values of waste tire

Gross calorific value, dry basis (Kcal/Kg)

No.
w/ Steel wire w/o Steel wire
1 8,169 9,029
2 8,154 9,131
3 7,958 9,109
4 8,285 9,078
5 8,119 9,093
Mean 8,137 9,088
SD 117.88 38.39
RSD(%) 1.45 0.42
SE 53 17
RSE(%) 0.65 0.19
Min. 7,958 9,029
Max. 8,285 9,131
Total Mean 8,613
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Table 11. Calorific value analyses for waste plastic

No. Gross calorific value, dry basis (Kcal/Kg)
1 6,680
2 6,696
3 6,670
4 6,700
5) 6,650
Mean 6,679
SD 18.18
RSD(%) 0.27
SE 8.13
RSE(%) 0.12
Min. 6,650
Max. 6,700
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) ¥+ (WDF)

o

1 4,832 Keal/Kgs AH&sto] dl-o =47Fs wjEsAsE A skl

Table 12. Analyses of calorific value for WDF

No. Gross calorific value, dry basis (Kcal/Kg)
1 4917
2 4,776
3 4,925
4 4,803
5 4,740
Mean 4,832
SD 75.25
RSD(%) 1.56
SE 34
RSE(%) 0.70
Min. 4,740
Max. 4,925
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Table 13. Analyses of calorific value for RDF

ol

2

No. Gross calorific value, dry basis (Kcal/Kg)
1 7,298
2 8,756
3 8,625
4 7,734
5) 7,963
6 8,741
7 7,649
8 7,818
9 8,600
10 8,663
Mean 8,185
SD 546.80
RSD(%) 6.68
SE 245
RSE(%) 2.99
Min. 7,298
Max. 8,756
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Table 14. Elemental analyses for waste tire

NO. C(%) H(%)

1 83.72 7.06

2 83.79 6.83

3 83.58 6.88

4 83.47 6.75

5 83.92 6.94
Mean 83.70 6.89
SD 0.18 0.12
RSD(%) 0.21 1.70
SE 0.04 0.03
RSE(%) 0.05 0.38
Min. 83.47 6.75
Max. 83.92 7.06
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Table 15. Elemental analyses for waste plastic

NO. C(%) H(%)

1 50.93 15.71

2 49.45 15.69

3 50.69 15.52

4 50.84 15.39

5 52.11 15.54
Mean 50.80 15.57
SD 0.94 0.13
RSD(%) 1.86 0.85
SE 0.21 0.03
RSE(%) 0.42 0.19
Min. 49.45 15.39
Max. 52.11 15.71
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Table 16. Elemental analyses for WDF

H(%)
14.53
14.50
13.04
14.28
11.15
13.50
1.45
10.73
0.32
2.40
11.15
14.53

C(%)
53.21

NO.

52.18

52.38

50.79

50.42

51.80
1.16
2.24
0.26
0.50

50.42

Mean

SD
RSD(%)

SE
RSE(%)

Min.

53.21

Max.
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Table 17. Elemental analyses for RDF

NO. C(%) H(%)
1 79.62 11.67

2 80.39 12.08

3 74.57 11.21

4 82.33 13.50

5 81.19 13.46

6 34.30 15.11

7 85.67 14.95

8 77.19 10.63

9 82.97 10.13
10 75.48 11.47
11 73.41 11.61
12 85.91 14.28
13 85.00 13.12
14 82.09 13.30
15 79.17 13.14
16 84.11 14.46
17 79.89 13.65
18 78.61 10.99
19 83.02 13.68
20 84.74 14.41
Mean 80.98 12.84
SD 3.73 1.50
RSD(%) 4.60 11.72
SE 0.83 0.34
RSE(%) 1.03 2.62
Min. 73.41 10.13
Max. 85.91 15.11
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Table 18. Summary of calorific value and elemental analysis for different

fuel types
Alternative Calorific value Elemental analysis
fuels type Gross calorific value, o
dry basis (Keal/Kg) Carbon content (%)
Waste tires 8,613 83.70
Waste 6,679 50.8
plastics
Waste oil 4,832 51.79
RDF. 8,185 80.98

AHE Aol A Abgsta e dAIdREY] 247t E MEATE A
3 AE 3E 19914 B oupe} 2 olibsterA wiEAlS o] A, #ERe]
o= 9 89 ton COo/TJ, HEFet=H-E o 78 ton CO/TJ, #i+= o 77
ton CO2/TJ, #HTAFA 5 RDFY HiEAFE < 95 ton COy/TJ & 4t
A= o wiEAS A71=  RDF>#HERC] O >H Z A8 >HF o]t
w4 wiEAle] B #HEtolol= oF 24 ton C/T], HET2Y 2 oF
21 ton C/TJ, H= 2 21 ton C/T], @44 5# 5 RDFY wEAF5+=

°F 26 ton C/TJ= AHA4 = At}
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Table 19. Emission factors for alternative fuels

CO2 C
Fuels type
ton CO«/TJ ton C/T]J
Waste tires 89 24.30
Waste 78 2118
plastics
Waste oil 77 21.02
RDF 94.8 25.86

ATl A dAdsd 22V wEAleE WBCSD/CSI 3

IPCCol A Al &3t NAAE default w2 74 1 200 vebu ).

Table 20. Comparison of other result for emission factors

I [
ﬁggﬁn?ﬁzg This study defau(;/tS value defauljtc ialue
Category ton CO2/TJ ton CO2/TJ ton CO2/TJ
Waste tires 89 85 -
Waste plastics 78 75 -
Waste oil 7 74 73.3
Other fossil 948 0 917

based wastes

E 20004 He mpel o] B AFolA AHA wEATE FEo]o] 9
735 89 ton COo/TJ=A], CSIelA AAg 85 ton COx/TJH Hlulsto] of

47 % =2 S YERg U
| 222282 78 ton COx/TJ=EA, CSI9 defaultgra w]nslH, oF 4

=)
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Fig. 11. Comparison of various studies for CO2 emission factors
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Table 21. CO2 emission factors for different fuel types

Fossil fuels Alternative fossil fuels (This study)
ton COo/T]J ton CO2/T]J
Bituminous coal(IPCC) 96 Waste tires 89
Anthracite (IPCC) 98 Waste plastics 78
B-C oil (IPCC) 77 Waste oil 77
Pet coke (CsD 93 Other fossil based 95
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Fig. 12. Comparison of CO2 emission factors for alternative

fuels with respect to bituminous coal
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Table 22. CO2 emissions with respect to alternative fuel application

for two companies

Fuel CO2 Emission CO>

Alternative  consumption factor Emission
Company
fuels type
ton/yr ton COo/T]J ton CO»/yr
Waste oil 26,013 77 34,538
A
RDF 54,180 94.8 160,843
Waste tires 156,898 89 481,017
B
Waste plastics 5,830 78 11,132
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Fig. 13 Valorization of wastes in cement kilns reduces CO2 emissions
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Table 23. Estimation of CO; emission factors for bituminous coal

Bituminous coal

Calorific value Element analysis o
Company CO2 Emission factor
As received Carbon content
. ton COo/T]J
basis (Kcal/Kg) (%)
A 5,814 62.3 95.4
B 5,938 63.5 95.3

=]
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w2 o]AtslEl 4o wjE S YEld Aoz H AAdFe] A Az A
BALg o] WE olAlFErA o F wjEEHS oF 1507 Eow AAEG O

W, CBARG e A9t o 270% Eom AR
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Table 24. Estimation of CO: emissions using alternative fuels

. Fuel COzEmission .
Company ?ltelrnatwe Consumption factor CO2 Emission
uels type ton/yr ton CO»/T]J ton CO»/yr
Bituminous coal 548,686 95 1,303,130
A Waste oil 26,013 77 34,538
RDF 54,180 94.8 160,843
Total 1,498,511 ton COs/yr
Bituminous coal 930,915 95 2,210,923
Waste tires 156,898 89 481,017
B
Waste plastics 5,830 80.57 11,132
Total 2,703,073 ton COs/yr
FAW o ANES YA/ AHNE FAG GFo DA u

BA ADEE AR 23 FARNS AHEAAS 9B Yt

eAbs EGS AAF AoE E 2504 Wi whop

Table 25. Estimation of CO; emissions in case of using only

bituminous coal

Fuel Net heating Heating CO2Emission CO2
Alternative Consumption value output factor Emission
Company
fuels type
ton/yr T]J/ton T]/yr ton COo/TJ  ton COo/yr
A Bituminous coal 663,381 0.025 16,584 95 1,575,530
B Bituminous coal 1,153,643 0.025 28,841 95 2,739,902
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gl wheh ek

44.01g/mole CO,

= ; X
EF g ier = Fraction CaO 56.08¢/mole CaO

(4)

Table 26. Estimation of CO: emissions in manufacture process

Ca0 Emcisc,);ion Clinker CO,
acti Mole fracti f i issi
Company fraction Oc((?)2 rpdecr Kér;(;) factor production Emission
% tonch(;l(l){%/rton ton/yr ton COo/yr
A 63.85 0.785 0.501 6,641,225 3,328,731
B 63.92 0.785 0.502 10,062,159 5,048,910

wEkA ® 24004 AT AR diel mE 2AVME wMiEEY %
26014 AT AxzgAel AZFE MEFH gt & 2AVEE wE
FE AR ATHE 278 %). AT AR F olakstEb A wlE 2 (Gross

CO: Emission) 7F oF 500%F &, ‘B’ AFdAe A= Az oF 790
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Table 27. Estimation of emission reduction for CO2: when using

alternative fuels

w/
Combustion Process CEOS.S .COZ alternative Net. C.Oz
mission Emission
Company fuels
ton/yr ton/yr ton/yr ton/yr ton/yr
A 1,630,756 3,328,731 4,958,866 184,273 4774587
B 2,864,764 5,048,910 7,913,673 463,209 7,450,465
T 9000 W Gross emission
§ 8000 M Net emission 7014
s 7000
£ 6000
% 5000
& 4000
c
9 3000
g 2000
% 1000
g8
A B
Company

Fig. 15. Comparison of gross emission and net emission
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Abstract

Development of GHG Emission Factors for
Alternative Fuels with Assessment of

Emission Reduction in Cement Industry

Yoon Seok Kyung
Departrent of Earth & Environmental Sciences
The Graduate School of Sejong University

This study developed emission factors for alternative fuels used in
cement industries in Korea and also estimated reduction in emissions
of GHG by the use of alternative fuel.

Emission factors for GHG of waste tire, waste plastic, waste oil,
RDF were estimated to be about 89, 78, 77, 95 ton COo/T]J
respectively. In comparison with previous studies, there was some
difference, but most of the results gave similar values. The calorific
value was also estimated and elemental analysis for energy source
was implemented in order to estimate the exact emission factors and
the reduction of GHG emissions by the use of alternative fuel. In the
case of ‘A’ company, CO: emission from alternative fuels was about
4 % lower than that of bituminous coal only. Also in case of ‘B’
company, CO2 emission from alternative fuels was about 1.4 % lower

than that of only bituminous coal. Also, when applying the rule of
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Germany and Japan, it was found that emission reductions of both
company were about 4.3 %, 6.3 %, respectively.

These results of this study can be used as fundamental data in
determining the emission reduction and consequently can be greatly
helpful to Korean sityation in negotiation of United Nations

Framework Convention on Climate Change.
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