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Development of Emission Factors for Greenhouse Gas (CO,)
from Anthracite Fired Power Plants in Korea
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Abstract

Although the anthracite power plant is an important source of greenhouse gas, research on this type of power
plant has not been conducted much. The present study investigated the entire anthracite power plants in Korea and
analyzed the emitted gas in connection with GC/FD and a methanizer in order to develop CO, emission factors.
The study also sampled the anthracite to analyze the amount of carbon and hydrogen using an element analyzer,
and to measure the calorie using an automatic calorie analyzer. The emission factors computed through the fuel
analysis was 30.45 kg/GJ and that computed through the CO, gas analysis was 26.48 kg/GJ. The former is
approximately about 15% higher than the latter. When compared the carbon content factors of anthracite with that
of bituminous coal, the value of anthracite was 24% higher. Compared with IPCC values, the emission factors by
the fuel was 14% higher, and that by the emitted CO, gas was about 1.2% lower. More research is needed on our
own emission factors of various energy-consuming facilities in order to stand on a higher position in international
negotiations regarding the treaties on climate changes.
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Table 1. Types of IPCC Tier method-energy combustion and fugitive emission.

Simple methods Tier 1

Detailed methods Tier 2/3

CO, Emission calculation method
—Reference Approach
—Emissions by Source Categories
Non-CO, Emission calculation method
Emission=2 (EF,, X Activity,,)
EF=Emission factor (kg/TJ)
Activity=Injection energy (TJ)
a=Fuel type
b=sectors activity

Stationary combustion

—Recommended Methodology

—General Method

Mobile combustion

Emission=% (EF,,. X Activity,,.)
EF=Emission factor (kg/TJ)
Activity=Injection energy (TJ)
a=Fuel type
b=sectors activity
c=Technique patten

Source: KEMCO (2005. 3.)

Table 2. Electric capacity generating status of the anthracite fired power plants (2004. 1.1~ 12, 31).

Electric Electric generation Control device
Power capacit
plants pacity Gross generation Load Net generation Plant Ist ond
(kW) (MWh) factor (%) (MWh) factor (%) n
Plant 1 325,000 1,579,184 55.83 1,394,213 55.32 ESP Wet scrubber
Plant 2 400,000 2,249,856 60.84 2,009,009 64.03 ESP Filter house

Source: KEMCO (2005. 5.)
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Table 3. Sampling date and conditions at anthracite fired
power plants.

Sampling Stack Input Electric
Plant name date No fuel rate  generation
(Y/M/D) ) (ton/hr) (MWh)

1 27.00 80.00

Plant 1 04/02/26 ’ 70.20 12900

1 72.88 156.63

Plant 2 04/01/13 9 7463 165.88
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Fig. 1. CO, calibration curve using GC-FID with a meth-
anizer.
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Table 4. Repeatability test of calorific analysis using
benzoic acid.

Times Mgss qf Calorific value
benzoic acid (g) (kcal/kg)
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
S.D. 1.14
RSD (%) 0.018
S.E. 0.5
RSE (%) 0.008

J. KOSAE Vol. 23, No. 4(2007)
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Table 5. Repeatability of element analysis for carbon (C})
and hydrogen (H) in coal.

Element

. Injection content (%)
Times Sample type weight(mg) ————————

C H
BBOT 1.686 72.53 6.09
1 Unknown* 1.832 72.90 6.24
Absolute difference (%) 0.37 0.15
BBOT 1.686 72.53 6.09
2 Unknown 1.832 72.63 5.84
Absolute difference (%) 0.10 0.25
Sulfanilammide 1.634 41.84 4.68
3 Unknown 1.376 43.88 4.65
Absolute different (%) 2.04 0.25

+‘unknown’ means BBOT and Sulfanilammide without element
content.
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Table 6. Step by step calculation work-sheet for CO, emission factor.

Step 1 (Fuel data)

Carbon of fuel Carbon of fuel

Carbon of fuel

Total Inherent

liem (as received basis) (air-dried basis) (dry basis) moisture moisture Hydrogen
Sub-item A ) @ @ @
Unit (%) (%) (%) (%) (%) (%)
Calculation @ x (100 =+ (100+2)))
Step 2 (Raw data)
Ttem Gross calorific value Net heating value Fuel . Electric power Heating
consumption output
Sub-item B C D E F
Unit (kcal/kg) Tl/ton ton/hr MWh TJ/hr
Calculation ((B—{6X(OX@+®)}] x4.18)x 107 CxD
Step 3 (Emission)
ltem Carbon emission Carbon emission Fractior_l qf carbon Real'ca'rbon
factor oxidized emission
Sub-item G H [ J
Unit ton C/TJ Gg/hr Mg/hr
Calculation (A+100)+C FxGx 10 Hx1x 1000
Step 4 (Carbon dioxide emission factor)
Item Real CO, emission CO, emission factor
factor
Sub-item K L M N
Unit Mg/hr Mg/TJ Mg/ton Mg/MWh
Calculation I X (44/12) (K+F) (K+D) K+E
Step 5 (Carbon emission factor)
Item C emission factor
Sub-item O P Q R
Unit Mg/hr Mg/ton Mg/MWh kg/GJ
Calculation HXx1 M X (12/44) N X (12/44) L x (12/44)
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Table 7. Step by step calculation work-sheet of emission factor by CO, measurement.

Step | (Carbon dioxide concentration)

Item Volume concentration Mass concentration Flow rate
Sub-Item A B C
Unit % kg/m? m*hr
Calculation AX(44+224)X ((273) = (273+°C)}
Step 2 (Raw Data)
Item Lower heating value Fuel consumption Energy consumption Heating output
Sub-Item D E F G
Unit Tl/ton ton/hr toe/yr Tlthr
Calculation DXE
Step 3 (Emission)
Item Carbon dioxide emission Carbon emission Carbon emission
Sub-Item H 1 J
Unit kg/hr ton/yr Gg/hr
Calculation BxC H x 24 X365 Hx (12+44)=+10°

Step 4 (Carbon dioxide emission factor)

Item Carbon dioxide emission factor
Sub-Item L
Unit Mg/ton Mg/TJ
Calculation H=+E H+G

Step 5 (Carbon emission factor)

Item Carbon emission factor
Sub-Item N
Unit kg/GJ tC/ton
Calculation Lx(12+44)+10° K x(12+44)=10°

J. KOSAE Vol. 23, No. 4(2007)



46 AAR - FEA - QA4 -
o2 zAHCh FEA o8] EAME IR
3 oA A 7 ALk ER 1.5~299) 3}
o] Hol3 glom THLHEL 37~44%2M H
2pe] 5 Holx| gksheh Ao] H-gell= W AFA el )
g 234 Ao)g Holx oz ARG T
A Aze APAF- (A3 F, 2006)2} v wale] A
Anw, mAerd 44 FAdekd Fdwde] #Alst
A delygron, 3o 79 FAgke] fagke 1]
sle] o 1/10~1/5 A== 24 Jepdd & 4 UK
o} Foduke] Fubio] WM JeRd 72 whetxrt
Eobr] FEAl B o) R TR 54 o

Table 8. Results of proximate and elemental analysis of
anthracite sampled at the power plants.

ARE - AR - 2B

. . Elemental

Proximate analysi analysis
(air-dried basis) (%) (dry basis) (%)

M Ash VM FC C H

Plant 1-1 412 3653 385 55.50 62.26 1.12
Plant 1-2 396 3697 4.11 5496 62.26 1.12
Plant 2-1 4.42 3048 7.16 57.94 65.35 1.46
Plant2-2 4.42 3047 7.17 5794 65.35 1.46

IM: Inherent Moisture; VM: Volatile Matter; FC: Fixed Carbon; HHV:
Higher Heating Value

Calorific values of each analysis

DN W
o b O
—T T

S
-

Calorific values (TJ/Gg)
oY

o W

As received  Air-dried Dry basis IPCC

basis basis

Fig 2. Comparison of calorific values by this study and
IPCC. These values are based on fuel analysis.
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Table 9. CO, concentration and exit condition of exhaust gas from stacks in the anthracite fired power plants.

Stack no. CO, concentration (%) Temperature (°C) Moisture  Flow rate
of plants Mean $.D Min. Max. N Stack Ambient (g/m’) (m*/hr)

Plant 1-1 6.52 0.24 6.18 6.88 9 90.60 26.00 84.5 292,404
Plant 1-2 11.49 0.51 10.64 12.12 9 90.60 26.00 84.1 579,652
Plant 2-1 13.71 2.73 10.00 16.44 9 151.40 32.00 63.8 566,898
Plant 2-2 12.48 1.18 10.46 13.48 9 151.00 32.00 63.8 626,667
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Table 10. CO, and C emission factors of anthracite fired power plants in various studies.

C emission factor (kg/GJ)

CO, emission factor (kg/TJ)

Fuel analysis CO, analysis Fuel analysis CO, analysis
As received basis 30.45 26.48
Air-dry basis 29.08 25.28 111,667 97,099
This study Dry basis 27.81 24.18
IPCC (2006)" 26.8 - 98,300 -~
US EPA (2002) - - 97,500 -~

DEstimation from secondary fuels/products of energy part.
21999 U.S. average of coal electric power plant.
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