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Table 1. Domestic manufacturing companies of portland cement in

Korea

Portland cement manufacturing companies

Shore Inland Others
Ssangyong cement Hanil cement Korea cement
Lafargehalla cement Hyundai cement Union cement
Dongyang cement Asia cement

Sungsin cement

3 company 4 company 2 company

* Korea Energy Management Corporation(2004), Energy Technique DB
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Table 2. Reproducibility test of calorific analysis using Benzoic

acid
Times Mass of benzoic acid (g) Calorific value (cal/g)
1 0.9998 6,316
2 0.9994 6,315
3 1.0002 6,317
4 0.9993 6,315
5 0.9989 6,314
Mean 6,315
SD 1.14
RSD(%) 0.018
SE 0.5
RSE(%) 0.008
6600
6500 -
% 6400 |
g - ° -
§ 6300 -
&
g 6200 -
6100 -
6000 . . :
0.0 0.5 1.0 1.5 2.0

Sample weight (Q)

Figure 1. Reproducibility test of calorific value by sample weight
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Figure 3. Result of replication test using BBOT standard

Table 3. Replicability test results of fuel samples

Fuel 1 2 3
Element Mean SD  RSD(%)
sample (%)
Carbon 70.46 69.17 69.30 69.64 0.710 1.02
A Hydrogen 4.13 4.05 3.98 4.05 0.074 1.83
Carbon 56.00 54.06 54.81 54.96 0.978 1.78
b Hydrogen 4.85 4.63 4.56 4.68 0.153 3.27
Carbon 51.24 53.46 53.91 52.87 1.432 2.711
¢ Hydrogen 3.84 4.28 4.26 4.13 0.246 5.96
Carbon 84.40 84.35 84.26 84.34 0.071 0.08
P Hydrogen  11.69 11.74 11.66 11.70 0.037 0.32
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Table 4. Analysis conditions of GC-FID for CO2

Objective gas

COq

Column

Porapack Q 80/100

FID
(DS-6200, Donam INC)

Detector

Carrier gas N> (99.999%)

Carrier(N>») 30

Flow rate
(mL/min) He 30
Air 300
Oven 80
Temperature Injector 100

conditions
. Methanizer 350

(C)

Detector 250

3.23 2472 BN ARy

g GCol F#4g 4%, FdH= +F2

3
05 WSE 2384 uE RAss gAon AW Borskd £
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Table 5. Reproducibility tests and Method Detection Limit(MDL)

(1) CO2 and CHy working standard

CO2 Concentration

Classification 5
% mmol
Primary standard 90 18.40
Working standard” 18 3.68

1) Total analysis amount in CO-

2) Primary standard and N2(99.999 %) mixing(CO: : 5 times dilution)

(2) Results of reproducibility test

o Result of reproducibility test Statistical data
Injection volumel)
1 2 3 Mean SE RSE(%)
CO2 3.68 mmol 4.02 3.89 3.85 3.92  0.0506 2.02

1) Result of reproducibility test is 500 xf injection volume working

standard using GC-FID by step 1

(3) MDL

MDL

ng ppm

Classification 1 2 3 4 5 6 7 Mean SD

Peak Area 6,730 7,760 6,510 6,070 6,400 6,180 8160 - - -
CO2
Mass(ng) 1.70 196 165 153 162 156 206 173 020 061 570
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Table 6. Summary of dilution tactics for preparing CO: working standards

CO2 working

CO2 working

CO2 primary N2 mixing Peak area
D standard standard o o
standard volume ) 2 Statistical data (Mean*SD, Min~"Max)
concentration amount
(ul) () (%) (umol) TB1 TB2 TB3
219,550+800 218,400+480 216,450+460
50 450 9.00 1.84
(218,690 ~220,280) | (217,980~218,921) (216,070 ~216,960)
260,370+2,370 254,340%2,520 268,680+458
60 440 10.80 2.21
(257,680~262,180) | (252,190~ 257,120) (268,190 ~269,100)
326,700+740 312,370+14,270 324,250+5150
70 430 12.60 2.58
CO2 Working (325,870 ~327,300) (295,960 ~ 321860) (320,820 ~330,1710)
Standard 383,720+£650 375,700+3,710 366,650+6,080
80 420 14.40 2.95
(382,980 ~384,190) | (371,840~ 379,250) (359,710~ 371,060)
427,160+6,330 420,360+650 409,010+8,660
90 410 16.20 3.31
(420,080 ~432,280) | (419,850~ 421,090) (402,170~ 418,750)
487 540+4,100 461,450+1,640 447720+5,290
100 400 18.00 3.68

(482,975~ 490,890)

(459,970~ 463,210)

(441,720~ 451,730)

1) 90% concentration using CO: primary standard gas

2) 500 injection volume of CO: total amount
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Table 7. Comparison of the results of GC with the results of

portable analyzer

Concentration (%) Statistical data
Test ID

Portable

analyzer GC-FID SD SE RSE(%)
Test 1 9.70 10.00 0.21 0.12 1.23
Test 2 9.75 10.00 0.17 0.10 1.02
Test 3 15.01 14.95 0.04 0.03 0.17
Test 4 15.02 14.95 0.05 0.03 0.20
Test 5 10.13 10.39 0.18 0.13 1.29
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Table 8. Calculation worksheets for emission factors of fuel

analyses
Step 1
Carbon of Fuel | Carbon of Fuel | Carbon of Fuel | Total Inherent
Item . . . . . . . . Hydrogen
(as received basis)| (air-dried basis)| (dry basis) Moisture | Moisture
Sub-item A @ ) ® @
Unit (%) (%) (%) (%) (%) (%)
Calculation | @x((100-@)+100)
Step 2
" . Carbon CO,
Gross Calorific Value Net heating value o o
Item . . . . Emission Emission
(as received basis) (as received basis)
Factor Factor
Sub-item B C D E
Unit (kcal/Kg) TJ/ton ton C/TJ] | ton COo/T]J
Calculation ([B-{6x(9x@+®)}1x4.18)x10 °| (A+100)+C Dx44+12
. AT A A v & A5
BAZANAL o shgat NEHS dste] B o Raa

44.01 g/mole CO,

EF, . = Fracti X
Clinker Traction CaO 56.089/m0l6 CuO

(2)



3.3.2 CO; 23H

Table 9. Calculation worksheets for emission factors by flue

gas analysis

Step 1
Item Volume Concentration | Mass Concentration Flow Rate
Sub-Item A B C
Unit % mg/Sm’ Sm’/hr
Calculation Ax10"x(44+22.4)
Step 2
Item Total CO2 Emission | Clinker production |CO2: Emission factor
Sub-Item D E F
Unit ton COo/year ton Clinker/year |ton COs/ton Clinker
Calculation | BxCx24x365+10° DxE




3.3.3 TMS ®H

US EPA Method 3B9} Method 199 2Jst¥, A5 o] AF E A4 5
L5 ol &t w77t A T oA A FEE AAT & Adnk o] WY

lo
N
fr

o & =AW (Continuour Emission Monitoring, CEM)el| % & =
Ao Z CEM< "= 7| d=4d &g AA oz g2

TMS(Tele-monitoring System)$ 7 ¢ #t}.

rr
)

TMS W2 A )l B vheh 22 dasid Sadds da

AEFEDS 4 % e FALFT ol Aua WEF(Fo), 191
o 2

717k Fo) Ak FEE olgdtel Ak AAF olAFTL MEFL
A ol

KK, J%oH+ K% C+ K,%S+ K,%N— K,%0)
£a= GCV

(3)

K%
fe= % (4)

Fq = A factor representing a ratio of the volume of dry flue gases
generated to the caloric value of the fuel combusted,
dscf/mmBtu

F. = A factor representing a ratio of the volume of CO2 generated to
the caloric value of the fuel combusted, scf COs/mm Btu

K = Conversion factor, 10 °(KJ/J)

GCV = Gross calorific value of the fuel consistent with the minute analysis,
kJ/Kg(Btu/lb)

K. = (957 scm/Kg) %



Kee = (2.0 sem/Kg) %

Kia = (22.7 sem/Kg) %

Ks = (354 scm/Kg) %

Kn = (0.86 scm/Kg) %

Ko = (2.85 scm/Kg) %

%H = Concentration of Hydrogen from an ultimate analysis of fuel,
weight percent

%C = Concentration of Carbon from an ultimate analysis of fuel,
weight percent

%S = Concentration of Sulfur an ultimate analysis of fuel, weight
percent

%N = Concentration of nitrogen from an ultimate analysis of fuel,
weight percent

%0 = Concentration of Oxygen an ultimate analysis of fuel, weight
percent
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Table 10. F Factors for various fuels

Fuel Type" kd e
dscf/MMBtu scf/MMBtu
Anthracite 10,100 1,970
Bituminous 9,780 1,800
Lignite 9,860 1,910
Oil” 9,190 1,420
Natural Gas 8,710 1,040
Propane 8,710 1,190
Butane 8,710 1,250
Wood 9,240 1,830
Wood Bark 9,600 1,920
Municipal 9,570 1,820

1) As classified according to ASTM D 388.
2) Crude, residual, or distillate.

* EPA CFR Promulgated Test Methods 19, p 1144

(Fo)= 2 (5) ¢} Zow 7hx

F Factor® o] &3 A5 A5
= WHe 2 (6)3 #Zo] e 4 ).



3714, % Oy = Percent O2 by volume, dry basis.
% CO2 = Percent CO2 by volume, dry basis

20.9 = Percent O, by volume in ambient air
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Table 11. Heating value and carbon content of fuels in cement

industry
Site Fuel type Net heating value Carbon content
kcal/Kg 9%
Bituminous coal 5,810 62.26
A B-C Oil 9,700 82.77
RDF 6,770 55.40
Waste Oil 4,230 70.00
Bituminous coal 5,630 59.40
B Anthracite 47760 58.02
Pet coke 8,090 78.13
Waste tire 7,000 80.00
ARLH ANE olgete] dmd LA NEATE AR H A

Table 12014 B wvie} 2o} 744 wol A43tE e vEASE
96.5 ton COY/TJ] 22 YEYa, FAE-E 1094 ton COx/TJ, B-C Oil
80.2 ton CO/T]J, Pet coke:x 86.4 ton COy/TJol At A A E = HElo]
o] 904 ton CO»/TJ, RDF¥ 91.0 ton COy/TJ, Waste Oil& 77.0 ton
COy/TJ= e

Table 12. Emission factors from results of fuel analysis

) Emission factor CO2 Emissions

Site Fuel type

ton C/TJ ton CO»/TJ  ton COs/yr

Bituminous coal 26.2 96.0 1,252,481

A B-C 0Oil 21.9 80.2 14,241

RDF 24.8 91.0 161,551

Waste Oil 21.0 77.0 34,538

Bituminous coal 26.5 97.1 797,488

B Anthracite 29.8 109.4 40,737

Pet coke 23.6 36.4 249

Waste tire 24.7 90.4 106,619
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Table 13. Emission factors from industrial process

Ca0 Mole fraction of (?02, Clinker CO2
fraction Emission roduction Emiss_ion
Site COz per CaO factor P
Kg COs/t
% gclink_e/r on ton/yr ton COs/yr
A-1 63.79 0.785 501 699,570 350,210
A-2 63.91 0.785 502 682,930 342,520
B-1 62.46 0.785 490 1,035,870 507,750
B-2 62.41 0.785 490 1,265,720 619,920
4.2 CO; ASWHY S o] & wiEA5 4R
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Table 14. CO: emission factor by stack sample analyses using

GC-FID

CO» Fl ¢ Clinker CO2

Site Concentration ow rate production Emission factor
% m’/hr ton/yr Kg COy/ton clinker

A-1 18.82 228,700 699,570 1,058
A-2 17.59 149,500 682,930 662
B-1 19.69 220,630 1,035,870 722
B-2 20.94 339,120 1,265,720 965
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Table 15. CO2 emission factors using Oz concentration of TMS

02 . CO2 " TFlow rate Clinkgr CO2 Emission
Site Concentration Concentration production factor

% % m”/hr ton/yr Kgcl(i:n(l)je/rt on
A-1 9.90 9.69 228,700 699,570 545
A-2 12.26 7.61 149,500 682,930 288
B-1 8.53 10.89 220,630 1,035,870 399
B-2 8.03 11.33 339,120 1,265,720 522
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Table 16. Comparison of emission factors of actually used fuels at

these companies with WRI/WBCSD emission factor

A company B company WRI/WBCSD
Fuel type
ton CO»/T]J ton CO»/T]J ton COo/T]
Fossil fuel + 94 9% 9%

Alternative fuel

442 95dLd oF wWEAS H N
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Abstract

Comparison of Emission Factor Estimation
Methods for Greenhouse Gas

-Focusing on Cement Industry-

Jeong, Jae-Hak
Depatment of Eath & Ervironmentd Sdiences
The Graduate School of Segjong University

Cement manufacturers have a big impact on global warming because
they produce great CO: emissions from clinker production and fuel
combustion. In Korea, GHG emission is calculated mainly by default
emission factors proposed by IPCC. Since these emission factors do not
consider the specific characteristics of Korea, studies on more accurate
estimation of GHG emission 1s necessary.

This study attempted to develop emission factors from each method
in determining CO: emissions in Cement Manufactures. Then, it
compared the mothods with other ones developed by other organizations
and evaluated if this method could be applied in Korea to discover the
suitable method for Korean situation. The other methods covered in this
study are methods developed by IPCC and WRI/WBCSD.

It was found that the emission factors of various fuels in cement

industry. Specifically, the bituminous coal emission factor of this study



was 96.5 ton CO2/T], which is similar with the value of IPCC default
value. In case of waste tire, the emission factor was 90.4 ton COo/T],
which is 6 % higher the value of WRI/WBCSD.

The results of mass balance method for cement process was 496 Kg
COo/ton clinker and the difference was about 3~6 %, compared with
the default values of IPCC (510 Kg COo/ton clinker) and WRI/WBCSD
(525 Kg CO/ton clinker). For the production of 1 ton-clinker, the
emission factor of 'CO» measurement method’ was 852 Kg CO-s/ton
clinker, which is 7 % higher than that of ’'fuel analysis and mass
balance method’ (770 Kg COs/ton clinker). On the other hand, the
emission factor of "TMS method’ was 438 Kg CO-/ton clinker, which is
45 2% lower than that of 'Fuel analysis and mass balance method’. The
relative standard deviation of 'CO2 measurement method’ was 22.3 and
that of 'Fuel analysis and mass balance method’ was the lowest, 1.8,
and that of "TMS method’ was the highest variation, 27.3.

Consequently, 'Fuel analysis and mass balance method’ seems to be
the most optimal emission factor estimation method in the cement

industry based on its lowest error.
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