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Abstract

Although anthracite power plant acts as the important source of greenhouse gas emissions, relatively little is
known about its emission potentials. Especially, because the emissions of Non-CO, greenhouse gas CH, and N,O
are strongly dependent on fuel type and technology available, it is desirable to obtain the information concerning
their emission pattens. In this study, the anthracite power plants in Korea were investigated and the emission gases
were analyzed using GC/FID and GC/ECD to develop Non-CO, emission factors. The anthracite samples were also
analyzed to quantity the amount of carbon and hydrogen using an element analyzer, while calorie was measured by
an automatic calorie anadyzer. The emission factor of CH, and N,O computed through the gas analysis corresponded
t0 0.73 and 1.98 kg/TJ, respectively. Compared with IPCC values, the CH, emission factor in this study was about
25% lower, while that of N,O was higher by about 40%. More research is needed to extend our database for emiss-
ion factors of various energy-consuming facilities in order to stand on a higher position.
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Table 1. Types of IPCC Tier method-energy combustion and fugitive emission.

Simple methods for the Tier 1

Detailed methods for the Tier 2/3

CO, emission calculation method
- Reference approach
- Emissions by source categories
Non-CO, emission calculation method
Emission=}_(EF4, X Activity,)
EF=Emission factor (kg/TJ)
Activity=Injection energy (TJ)
a=Fuel type
b=Sectors activity

Stationary combustion
- Recommended methodol ogy
- General method

Mobile combustion

Emission=7_(EF,. X ActiVity.)
EF=Emission factor (kg/TJ)
Activity=Injection energy (TJ)
a=Fuel type
b=Sectors activity
c=Technique pattern

Source: KEPC (2005. 5.)

and Jo, 2005). 9] 2Al7kx F wiEF 3 CH,9)
73$ 25287 E CO,= 4.2%, N,O uj&ak2] 7%
15508t & CO,2 2.6%E x}A3tx ¢lt}(Korea
Energy Economics Institute, 2006b). €3], CH,2} N,O
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Table 2. Comparison of electric power generating capacity status between the two anthracite fired power plants (2004.

1.1~12.31).
Electric generation Control device
Power plants  Electric capacity - -
unit (MW) Grossgeneration  Load factor ~ Net generation  Plant factor
(MWh) (MWh) (%) 1st 2nd
A 325 1,579,184 55.83 1,394,213 55.32 ESP  Wet scruber
B 400 2,249,856 60.84 2,009,009 64.03 ESP Filter house
Source: KEMCO (2005. 5.)
e AAS Q3% 2 9Ju= Flad 5
9. ?_1:[,_ té,l'lﬂ F& ARt A = =F vl =3 A8
AR L =) 2 S SHoz 3 7
o] w13l ulR|3}7| 93, A BANHIL #7171 x)
2.1 CHAIA|A ME "]ﬂquJ]’]‘V‘]]—} R 17}2%
Ao oF 120°CE HA5H

2 QA7 SEvells Fosks AMse 3
A 238 AT WA= AAskE ek A A

AR Aol g Adugske w3e A
o] M8 AR = 20 A)AF wle}l 7o) 2005
d 7|Ee = dujgke WA Asl B 247 325
9} 400 MW o, ubx ke 7bzk 1,579,184}
2,249,856 MWhsit}. tAbA| el A3t dl7) 2 9dE
Ao WA AL F2 YA BT AEEE Al
Asl7] A8 Al st ol A= 1
2 WA AR A7 AHAAAE . 9lv w3t 2
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ment, 2004; Wight, 1994; US EPA, 2001).
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AT AlzAH AL A& HF AHA<QA Lung
samplers AZAsle] A2 AF st A=AH =
1L g-2ke] Tedlar bag (SKC US)e ALg-stein). A=
AH el 54 exe Feolx ) 93k, v A
A% A Tedlar bag 37§ & o] &3t Aag 54
o=z AFsde A8 HFH e MBdT(Jeonetal,
2007, 2006; Jeong et al., 2006)= wiz} Coa Centerel]
A =g 8 Astepdael A naele Mske e
ket 2 ool g salsty, AsAA7E 2
BN A Avte] FREW $Ag Aol A=
A7) B2 A5 uhete] obr 42 Z4 G A
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2.3.1 CH, 2 N,0 =& 24
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717k AFHT F AP FAsHAT AlEA
# ¢} &7 Stack-Sampler (SGS-1, Astek Korea) S %
ste w77k %, Foh Al RS A A5
At

AgAlelae] CHueb NO9 v= 242 714
2uteaHIE o] &3l #AEAH. CH, AR
BAe GC/FID (DS-6200, Donam)= o] &-a}e] o,
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Pye-Unicam ®Ni= =25 GC/ECD (CP-3800, Var-
o) F3) N0 5=g AFshach O, 4
2]8l], Porapak-QZ3 (1.8 m Z o] Stainless steel,
3.175mm 97, RestekA}l A|ZH&, 78|32 N,O 4
< $181M+= Porapak Q(80/100 mesh) Z & A-8-3}
At 24714 (carrier gas) 2= =% 99.999% (FID)
9} 99.9999% (ECD) N,7kA2 A}-8-3}¢3c}.

A FYe 1mL §ope) 7pas) 347 (Hamil-
ton, USA)E o]&-sled, AF g A= 0.5mLE £33
o 4 GCol FYshe W& olg3talet v= ¥
Me] A =e) = 3T (Jeong et al., 2006)F whe}
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IPCC2] 7]l &A| 4= (default) = AL AFE 7]
Foz AAsly 9o}t (Revised 1996 IPCC Guidelines
for National Greenhouse Gas Inventory). theba] 129]
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alo], AF A A 2E-)42A 7] (Thermo Finnigan-
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Table 3. Sampling date and conditions at anthracite fired
power plants.

Sampling date ~ Stack Input fuel El ectric

Plants (M/DIY) No. rate generation
' (ton/hr) (MWh)
1 27.00 80.00
A 02/26/04 2 7020 19900
1 72.88 156.63
B 01/13/04 2 7463 16568

Table 4. Repeatability of elemental analysis for carbon
(C) and hydrogen (H) in coal.

) o Element
Times Sample type Injection content (%)
weight(mg) ————
H

BBOT 1.686 7253 6.09

1 Unknown* 1.832 7290 6.04
Absolute difference (%) 0.37 0.15

BBOT 1.686 7253 6.09

2 Unknown* 1.832 72.63 584
Absolute difference (%) 0.10 0.25

BBOT 1.634 41.84 4.68

3 Unknown* 1.376 4388 4.65
Absolute difference (%) 204 025

*Unknown is that using the same BBOT sample but not inputting the
information of the Sulfanilammide element content.

2(H) 52 245 ol Aga ARe Zo)

me] ParaQX Y& AHgslalet ul7kaw AL
AFo| ke 140mL/ming AA st ejx A
4, Reference 7}2~9] 82 7z+z} 240, 100 mL/min
=2 AA3Y =3 furnace =9} 2B 2x
74z} 9003} 70°C= AdAslolvt. FAvk UAEA
£ Containere]l 0.001mge] #=E 712 ALUA-E
(Mettler Toledo-MX5, Switzerland)S- ©]-g-3}o], 1.5~
20mgz. AT F AFFYPN 2 FYshinh =
g QarAe] AQA A7) A, & 4l H A
7k =} (absolute difference)”} BBOT (2,5-bis (5-tert-
butyl-benzoxazolyl) thiophene)E A== 3t92 7
<, k4 0.10~0.37%, 44 0.15~0.25% 452

el , Sulfanilammides HE2 39S 49, =
A8} i Z4H7F 2.04, 0.25%2 A 43 AR S

vepyic.

Flash EA 1112, USA)2 &kA(C), A4 (N), 3(9), 4
2

J. KOSAE Vol. 25, No. 6(2009)



566 oA - A - ol ARIE - AR - A

2]

°
Germany)E Al&-3le] BAslglon], Al8= 0.1mg BAo] mFEA]=4l Benzoic acid (IKA, 93 6,329+
9] =& 712 AAA-E (Mettler Toledo-AB204S, 4.78calg)E 53] ulE B3t FHrlatglot | A
Switzerland)& o] 43ke] WFshict BdgFe £ A = 4o AN s on], A EF 02 (RSE)
274747 (KV-500, Germany) & o] 4-3e] W74 4 A% 00082 vl$ $53 AR4E Bgee )
£& 25°Cz AA3 F, A4S Isoperibolic @ 4 Isieh

Modez Agste] A stelch. QFr7lel AR Awke] A9 Hfat 7ks 5o B e &
23 glom, s8 i Aol

[e)
=
3 )3 o ] j i
Table 5. Repeatability test of calorific analysis using ofsia k#1454 (as received basis), 71714

benzoic acid. (air-dried basis), 74 (dry basis) Wdgko = FRg

Times Massof benzoicacod(g)  Calorific value(kcal/kg) 4~ 9t} (Korea Energy Management Corporation,
1 0.9998 6,316 2006). 53], ol Az FoF A Al Aok
2 09994 oo 2} e A FenA, Selve 4e B5F 34
4 0.9993 6,315 o] 7|1Eoz ARk Sl 7174 sk KS(3
5 0.9989 6,314 SEFA )Y ds/d8e] BEF =AY TE
Mean 6,315 o] H& Wkl satch. 714 Hde 7174

Re 06 oot Bedapol A TR A 947 Aeel A A sie,

SE. (%) 05 A &8 AA7)EeR AMEER ok 2 AT

RSE () 0.008 A Q44 71734, 24 e IPCCAA Al

Table 6. A stepwise calculation work-sheet for emission factor based on greenhouse gas measurement.
Step 1 (Fuel data)

Item Carbon of fuel Carbon of fuel Carbon of fuel Total Inherent Hyvdrogen
(asreceived basis) (air-dried basis) (dry basis) moisture moisture yarog
Sub-ltem A O} @ ® @
Unit (%) (%) (%) (%) (%) (%)
Calculation @ % ((100—-®) -+ 100) @ % ((100—-®) + 100)
Step 2 (Raw data)
Item Gross heating value Net heating value Fuel consumption  Electric POWEr | eati ng output
rate generation
Sub-Item B Cc D E F
Unit (kcal/kg) TJton ton/hr MWh TJhr
Calculation ([B-{600% (9x @+®)}] x4.18) x 10°° CxD
Step 3(Non-CO, concentration)

Item Volume concentration Mass concentration Flow rate
Sub-Item G H |
Unit ppm mg/m® m/hr
Calculation G Xx (16 or 44+22.4)

Step 4(Non-CO, Emission) & Step 5(Non-CO, Emission Factor)

Item Non-CO, emission Non-CO, emission factor
Sub-Item J K
Unit g/hr kg/Td
Calculation Hx|+10° J+F

st=u)] 7] 373 813 R] A 25U A 65
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Table 7. Results of proximate and elemental analysis of anthracite sampled at the power plants.

Proximate analysis(air-dried basis) (%)

Elemental analysis

(dry basis) (%)
IM Ash VM FC C H
Plant 1-1 412 36.53 3.85 55.50 62.26 112
Plant 1-2 3.96 36.97 411 54.96 62.26 112
Plant 2-1 4.42 30.48 7.16 57.94 65.35 1.46
Plant 2-2 4.42 30.47 7.17 57.94 65.35 1.46

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

3wt A A A sk

2.5 HiEAT oA

COy2l 749, d=el ALEAE 53 vy 417
® 2 MEASE ARG & %lD} 73%4 CH, <}

N,O2} 722 Non-CO,9| &4 4= A40] Wy, 7]
£ 5 da 276 we A9 7}11 7}337—1 dl 3k
Elasie Alﬂ}(lPCC 2006). wpetA] 2 Aol M 2
=5 A, A5 Y4 4
Ao} Wl —Er*# AHE FAld o]83te] wiEA
22 A Egh A2S E3 w244 AR ape
£ 6ol AAIE u} o} o] ©AER AT EH,
% 544 9] worksheetz A& 4~ 9l

1A M= w4 (C) 3, 4 (H) &, 5%
9 SE e 4N er ARG 29 A F
gho] weptd RS SAslaL 1Al A =ARTE 9]
]

=
Agre B Aaidges AR £, A

fo
mi

B o2 o

(o4

2

= aHleh A8 A 50 oY A=l e =
Apgrey. 3Rl @AzAbE Fa AR w7}
229 CH,sh N,O =8 SAska A2t A9 &
G £71%0 4B A CH, o N,O il Zake A
Q)3 SRAA = 27e) w242 AP a.

3.1 4 2dAo g Y

Zb b el M AMSEE Fodeke] 3R
AR AT = 7oA AAIRE vl 2ok ghae
AA] 71FE 02 62.26~65.35%] A AEN]S Mo
3 9lom Zae] AL HA 1.12%o)A 1 1.46%
o REE Hvh ARl o8 A AR

o] Aol A 2u)] o]iFe] AelE Helr|x 33l

29 BA Azl=z Mg (Jeon et al., 2006)9}
vlwsle] AR, vAeke] Ag- fdvkat 7
gho] fAlsHAl bt Fie] A4, Fodrke] £
Aol W]ale] oF 0.1~02% A==z A el
kel Fpe] A vephd A2 whsles) el
A FA BAe] gEfe]l A EaE 5AE wlbed
5l 7l ez Al= %o} (Korea Energy Management Cor-
poration, 2005). %S SAT A3}, 714 wdgk
2 AR Aol e}l 5,078~ 6,000kcal/kgo. 2 e}
V‘U} I S 83t AR 717149 A gl
4,868~5,800 kcal/lkgo 2 Jepgt) A4re A
g Ql4Ale] AL 4,658~ 5,618 keal/kgo =
A E S} o] F A EA g whdgkE IPCCellA] A|A]
Wk} nlwste], 13 1o Yepodeh 2 Q-
A ZA 37 Zhe] IPCCol| diu]ste] <144, 71714,
747} 71.9%, 75.0%, 78.7% A =°] 7h<

[ T3 < o r1~ OkD iy

.2 CH, % N,O jE EXM

A g AAT Ak Ame] uE
T 9 owrrks 2w, o8 wE 5o BAAS
£ & 8 AAstdet Ak AlAedlA A3 v 7] 7t
2 & CHyol #3 g=x A4 B 1WA w7+
A 222ppmez ZAFHH WAL~ B 29A
w7139 FEe l4lppmez HAAE el
ok AA AJAe] Hi wiEs=E oF 1.93(+0.36)
ppmel et N,O s=2] A9, 7 wi7|79] J7 5
X 2.08~3.72ppmez A4 Aol 1A w7 F-
MM HA w=, DA B 1A w7 el 2
FEE 2ok NOO AA A Hi vE BEE
2.88(+0.67) ppme]git}t. CH,7 N,O v &5 &

2
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Table 8. CH, and N,O concentration and exit condition of exhaust gas from stacks in the anthracite fired power plants.

i i Temperature (°C
St?CIT NO. CH, concentration N,O concentration per (O Moisture (g/m?) Flow rate (méhr)
of plants (ppm) (ppm) Stack Ambient
Plant A-1 195 2.08 90.60 26.00 84.5 292,404
Plant A-2 212 2.96 90.60 26.00 84.1 579,652
Plant B-1 222 3.72 151.40 32.00 63.8 566,898
Plant B-2 141 2.78 151.00 32.00 63.8 626,667
40.0 Table 9. CH, and N,O emission factors of anthracite fired
power plants investigated in this study.
35.0
CH, emission N,O emission
300 T factor (kg/GJ) factor (kg/TJ)
§ This study 0.78(+0.31) 1.98(+0.43)
E 250 I IPCC (2006)" 1.0 15
8 I Finland® 1.0 1.0
s 200— L
o note: YEstimation from secondary fuels/products of energy part
-"CE) 150 2Greenhouse gas emissionsin Finland 1990~ 2005
)
© 10.0 +— B
50— + 63.81g/mPo =z el
0.0 o sladd A0 al
Antharacite 3.3 FAG @M CH, H N0
{EA T AT o} 2 sl EA|52te] Hlw
1 Asreceived basis B Air-dried basis - 5
Dry bt iPCC Fdwk b i) CHok NO W EA42 2 6

Fig. 1. Calorific values determined in this study are com-
pared with that of IPCC. All of these values are
based on fuel analysis.

o Blay Z zlelE B
TLE el A LS AHEsk S
7] FelAME Ba w2 e
ZAF= %} ¢]3&= Non-CO,
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23 Als 4 @ FHAAES 4] &
ABANFH A AT w7 7tAe] xS inq
4 BE 151.0~1514°CE BvlwA =3, Wi Ak
90.60°CzA] o 60°C WA viehdet. wi7] 7k 2]
FRFE AT DA S ES 171
| 918 A DA S A7 3t AAER
o] & ztolE Ht &l AAE AA|F
Ax 841g/m®, &3A o] AX|ehA] ke it
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o ne
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>
2
g i
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_‘,’L
ru,a i
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|

N
mi“

Sy

=L &1-'
@ b

2

a

= 7187852 A 254 A 6=

2] worksheets #-83te] AR & ATl A
A=l CH, vl &A1 522k N,O mi &A= 247 0.78
(£0.31) kg/TJ, 1.98(+£0.43) kg/TJo|H. o] = = 9o
A AsFAT) =3 A E st s e wiE
A4S Azn|wslr] $)sked IPCCE v|&3t o2
F7Fe] IRl 2] B vMol] AAIE wlEA e} 1)
wsled Hoket.

IPCCx Todele Anthracitez E-53}o] w|ZA4 4
= AAst 9lon, I == Cod fired boiler2. &
vﬁkﬁ T°M E} A0 wlEAsE ®AE T
B AdsA Advlgaks
6}04 Hﬁgﬁﬂj—— |28k, 2 Ao Ak Aol
gl AdulgFo] ISMWRY & b2 wj&A 4
Z vz YA wEAe= ZA s (Statistics
Finland, 2007).

2 AF5 53 A= CHy & A4 0.78(%
0.31) kg/TJZ 2006 IPCCo|A] | A3t wjZA|4=ql
10kg/TI2] oF 78% A =g} AT 7R 1A 0|
A AE wjZA 4= 2006 IPCC2] default v Z=A]4=9}
22 10kgMIz 2 Ao A7AH7}t oF 22%



A A= S N,O | &A1 55 A, 2 7o
Al A E wZA S 3H 1.98(40.43) kg/TIZ 2006
IPCCol A A|AgE wiZEA4~ kel 1.5kg/TIne} &=
Aol Ayt of 13w A= 2 & By A
=] wjEA 4 10kgTIz 2 A7 Aznc A
ukel] 7W7kE vl EA S 2hE AlA sk

.8 B

2 A7 Ee I 247k vl &Sk oF 84%E
AR = bl B W EY FollA FdvkS ds=
AMgEHs 2709 31 WAL E AS 2ARBISIH 2
Y o]5E FAoz A
7 v Es o] HE B 4
2 s vl EEE
APk}

1
22 5078~ 6,000kcal/kgo 2 vteRgTh 1443
A g3ted AP 71712] hrdEke] 7$oll = 4,868
~5,800 kcal/kg, A4E-& H43F Q4] W]
7-%-0)| = 4,658~ 5,618kcal/kge 2 el

] 7]7}2 3 CH,9b N,O 322 2438 Az, ojAf
A AR S CHu9b NO Ht wiEs =+ oF 1.93
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