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ABSTRACT

In this study, Non-CO, emission factors were estimated for the coal briquette boiler, which is the Korean heating
system. As a result, the CH, and N,O emission factors of the coal briquette boiler were estimated to be 11.76 kgCH./T]
and 7.44 kgN,O/T], respectively. The results showed that CHy emission factor was 12 times and N,O emission factor
was 5 times higher than IPCC default value. Also the emission factors developed in this study were compared with
a precedent study. The results indicated that were similar to open the air inlet of coal briquette stove because the
combustion condition of this study was similar to that of coal briquette stove.
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U] 2013 247ES FHlETRS 694.5HIREE COeq
o, o] F o 2] Fope] A7k HiETE: oF 606.2HTHE
COxeql 2 2| tjH] of 1.5% S718l3lth o] & Az lao
ofgt LAk MBS ofUiA] Hof £AIA WiEwe] 992
%5 ARSI A= oA viEE = 247k CO,, CHy,
N,O 5ol FujEsFolA ARek= BlE-2 CO, 91.5%, CH,
3.7%, N,O 2.0%%2 ZAFE|ItH(National Greenhouse Gas In-
ventory Report of Korea, 2015). ©] & CH,2} N,O2] vj&3F
& CO, HiEFol Hlste] v~ Zouf, CHyoF N0 A2
W3kx]4x(Global Warming Potential; GWP)7} CO, A]7-24+
Skx|=9] 214], 3108} Y22 (National Greenhouse Gas
Inventory Report of Korea, 2016), IPCC(Intergovernmental Pa-
nel on Climate Change), WRI/WBCSD(World Resources Insti-

tute and World Business Council for Sustainable Develop-

ment) 5 28 7[TA= CO,9} Tlio] CHLE} N0o] tfgh )
= W HiEATE Sast A= Akl ITIPCC, 2006;
WRIWBCSD 2005). A& AzoA] 22 ujEEs Cot A
7o) gkl osf A4, CHy, N;O2F -2 Non-CO,
HiEAl = s W 3 A 2 Foll weh EekR|A ok
(IPCC, 2006). AEHL: S AZZAR LA oA W 20w
AMEERS ZAVSEAL QJATHKorea Energy Economics Institute,
2014), 2] 247EA QIMIEZjolAl= FATE Aol w)
S 247k sl 2gksto] AFgstaL qlrk A Al Al
AREEl FARR 2014 7] oF 188RkEo] Ao, o]
Z 7P ERA] oF 1639HE0] AH|sith(Korea Energy
Economics Institute, 2015). o]+= AA]| s AR 86%E
A ek, et dEe] AABAS Felek] dlamA
I} AJolsh, AlAlg E3F thEu s ARte] 2AVEA wiESF
S HEg ARYS= Ao| HlEkAlslthLee, 2011). wabA E A
FoE 2lete] T4 SlaurRl SlskhelelE djke
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US)2 Lung sampler(ACEN, KOREA)o|| ¢45}11, Lung sam-
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ZR 5t
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Non-COz 55 X519tk CHy E4oll= GC-FIDE ARg5}
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3t 1/821%] 21742] 1 me} 3 m@] Stainless Steel packed ZH-S
ARES19IT). GC-FID2F GC-ECDe] 412748 Table 13} 2t
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210.1 ppm, 1 ppm, 5 ppm, 10 ppm, 50 ppm, 100 ppme] A

W
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Fig 3(a)ollA] 2= nfe} o] HaFalo] R -2 0.9979% ufj¢-
© 25 R4S UeRALH

E3hL NyO= & 4719] v 521 0.1 ppm, 1 ppm, 5 ppm,
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Hj7| 7k B 0] g ERIsE] el 22 1 ppme] CH,
2} N,O EF7A(KRISS, Korea)E 212} 7314 BAls14c) 1
A}, Table 29} 7FHo] CHyet N,O2] /3= HAHRSD)= 2t
ZF 2.92%, 3.00%2 <=8t AL BTk

H97)(IKA-C2000, Germany)

= Apgstol “KS E 3707 ARt 9 SAqel el 24
el whef 2ABISITE A8 AR YA E(Mettler
Toledo-AB204S, Swizerland)& ©]8-5}12 0.0001 g7HA| A&}3]
AeFslolet. YR SR8 AMSRL, 22 25TE A
AJ&}o] Isoperibolic at 25C mode= ZAISFATHISO 1928, 2009,
KS E 3707, 2001; ASTM D 2015-91, 1991). ¥Fde H.x7]0]
AL drdef BAlo] FFA|FE 2] Benzoic acid(IKA, &

& 6,320.4 cal/gyE A5t Brlskict. 1 A3}, Hot E5
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%2 95 A UERTH

Fig. 1. Coal briquette boiler in the study site.
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Fig. 2. Schematic diagram of intermittent sampling (US EPA).

Table 1. Analysis condition of GC for CH4 and N,O

Item GC-FID GC-ECD
o Moo T
Carrier gas N2 (99.999%) N2 (99.999%)
Flow 30 mL/min 20 mL/min
Oven 80T 70C
Temperature  Injector 100C 120C
Detector 250C 320C
Detector range 0 0

gho] ghagle 9l paghiR AR5 HaEA]7](Thermo
Finnigan-Flash EA 1112, USA)E |83l A3tk =4
2% (Furnace temperature)~= 950C, TCDS] 22 2% (Oven
temperature)r= 70 CZ AASIH 1L, AH-L Zo] 2 m ParaQ-X
£ ARSIt =3 2R~ He 99.999%, MS Gas Corpo-
ration), Ak2(0, 99.99%, Dong Min Specialty Gases), reference
712~9] G2Re ZH2F 140 mL/min, 240 mL/min, 100 mL/min®.
2 AASFATHASTM D 3176-89, 2002; ASTM D 3178-89,
2002). 9 Ba7]e] AL e o] FEAF] BBOT

! ] 13030x - 9235
y= - 5
1200000 - R*=0.0070
1000000 -
@ 800000 -
£ 600000 |
400000 -
200000 -
0 . . . ; .
0.00 2000 40.00 60.00 80.00 100.00
Concentration(ppm)
(a) CH,
13% ] y=4156.3x - 846.78
35000 R*=0.0984

0 T T T T )
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(b) N,O

Fig. 3. Calibration curve with Non-CO, standard.

(2,5-bis(5-tert-butyl-benzoxazolyl) thiophene : C=72.59%, H=
6.06%, N=6.54%, S=7.43%, O=7.42%)E A}83}o] BH7|51%
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Table 2. Results of reproducibility test using standard

gas
CH4 concentration N>O concentration
(ppm) (ppm)
1 0.37 0.56
2 0.36 0.56
3 0.36 0.57
4 0.36 0.58
5 0.35 0.53
6 0.34 0.56
7 0.34 0.52
Mean 0.36 0.56
eaton 600! 002
Relative standard 202 3.00

deviation (RSD, %)

o} BEAE B4 Ad) e

A| & (standard)of| A= 72.52%, ¥a~
A3t A| & (unknown)ol| A= 73.10%%
2 217} 6.09%, 6.10% A =]9IT Fig. 404 Hi= upe}
o], EFAIREL} PR A E(unknown) &] 2jeo = ko] 7

2.3 Non—CO, HiE7A|4$ 0
Ao P 14 %I 24
g wi7]7ks 5 CHi&F N,O2| 512

Sk
=

=3
- 0.57%, FAglFe] 739 0.01%= 9=

W YA g &
ka1

o
waEglon], f4 g

TR AR e BRI

Table 3. Repetition test of calorific value analysis using

standard sample

Sample  Mass of standard (g)

Gross calorific value (cal/g)

1 0.4652 6,368
2 0.4906 6,346
3 0.4881 6,360
Mean 6,358

Standard deviation (SD) 9.09
Relative standard 0.14

deviation (RSD, %)
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Fig. 4. Repetition test of elemental analysis for carbon
and hydrogen.
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WAth CHy HiE- s et 2.14 ppmo s UEhton, &
2.0 2po} AFIEZHARL 7H2F 036 ppm, 16.85%2 HAIT]
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Table 4. The work-sheet for estimating the Non-CO, emission factors

Elementary analysis Net calorific

Item
Step 1 Carbon Hydrogen Oxygen Nitrogen Surfer value
(Fuel data) Sub-Item A B C D E F
Unit Yo(wt) Y%(wt) Yo(wt) Y%(wt) Yo(wt) Ml/kg
Item Concentration (CH4, N;O) Exhaust oxygen concentration
Step 2
(Exhaust data) Sub-ltem G H
Unit ppm Y(vol)
Item Theoretical oxygen (Op) Theoretical air (Ao) Excess air ratio (m)
Step 3 Sub-Item I J K
(Parameter) Unit m’/kg m’/kg -
Calculation  1.867xA+5.6x(B—C/8)+0.7<E 1/0.21 21/21—H)
Item Amount of theoretical dried combustion gas(Goq)
Step 4
(Amount of Sub-Item L
theoretical dried Unit m’/kg
combustion gas)
Calculation (1-0.21)xJ+1.867xA+0.7<XE+0.8xD
Item Non-CO, Emission factor
Step 5 Sub-Item M
(Emission factor) Unit kgNon-CO,/TJ
Calculation

[{LHK—T)xJ}xGx(16/22.4)]-F

Table 5. Non-CO; concentration analysis of coal briquette

Fuels type Combustion process Date CHs (ppm) N>O (ppm) Number of samples
Dec. 16", 2015 1.66 0.56 9
Coal briquette Boiler Jan. 14" 2106 2.53 0.42 9
Feb. 11", 2016 2.22 0.48 9
Mean 2.14 0.49 -
Standard deviation (SD) 0.36 0.06 -
Relative standard deviation (RSD, %) 16.85 11.78 -

saslglch ARE BARE ATk Table 60 AMSHIh 5
3] A ES HARE vte] Bat 214] FUATL 3,097 keal

3.3 HEIH 9| Non—CO, HIEAHI4 7Het
IAANEE o] §3le] AR U] Non-CO, WiEATE
7ARket A3l CHy9| vi&Al= 11.77 kgCHYTIZ B4 5| 9)
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Table 6. Result of fuel analysis of coal briquette
Category Gdr?yssb::n(izalvﬂilgu)e’ € o H (%) 0 ) N () 5 moisTrjrt:l (%)
1 3,063 50.53 0.85 0.10 0.3 0.09 2.74
2nd 3,131 55.31 0.81 0.10 0.08 0.11 0.98
3¢ 3,097 55.31 0.81 0.10 0.08 0.11 1.86
Mean 3,097 53.72 0.82 0.10 0.15 0.10 1.86
Median 3,097 55.31 0.81 0.10 0.08 0.11 0.80
i, N,09] HiEA= 743 kgN:O/TIE 45 ]t o] w717k A58t Non-CO, =5 A8k, tied o
2 Ao AP R ARS] Non-CO, HiEAE 2006 ©EA2]9) eks AN E4itt 7 WE, o4 T,
IPCC 7ol =efelofA] AABEL ol FAR] Non-CO, 7] ZLe|a $E3kY 528 —Er*dé}ﬁtk
BujEA 9 ARlo] Ao} vlmete] Table 70 AN B A, QIEre] 714] kAR 3,007 kealkg, Bh4 T
skt T 53.72%, ¢4 TR 0. 82%, Zri TR 1.86%2 &
£ <172 2006 IPCC 7jol=eilel Rg 1@ Assic. S B W S B ol83el 44 S0
2 A3 A7H(Kim, 2013)2] Non-CO, Hﬁeﬁl ul et Ak, %k—% Qlipa] gredero @ ShIsigich ul7] 7k % Non-CO,
AR SRS NonCO, B AR Qleikze] 27 RS AR 7 asmolele] O, FEL 166-253
FUAFE A3E wiot wif- FARH LPEP;M. ol dgtH ppm«l H = Yepen, NyO 5=+ 0.42~0.56 ppme| 1Y
delo] dazzlo] dehdze) B71FQ7E AU Hel = 9= vepdrh

At sAp| 2o s wgEch 2 A7) Non-CO,
Hj & A4 2006 IPCC 7Ho|=aRlof|A] AA|sE FLEere] 7]
AR A e o= dibdor Aa 7%

o] HEFIAL, A2yt o B diof o) A=
CH, 2] 2l EXJ(Korea Energy Agency, 2008)0] w2 Zulz}

ghekElch. N0 29, vt dddake we) 7740w
ke Ak Ak aleo] AxSgo] WiaE Akt
geick
4. 4 E
2 AolA Seuete) g GPRAYl AEh s
O 2 Non-CO, W72 Adalgict. eigknlele] Non-
COy HkEA4E AP317] Sltel, 1ol AXH Qg ole)

Tt Axf, dekedzie] CHye N,O HiEAl = 22 11.77
kgCHY/TJ, 7.43 kgNO/TJE APFE|QITt o] 71 2006 IPCC

SIS AXSk G Setel ZEEAS
gk A3}, IPCC 7]EHHglﬂ—,—HE]— CH,2] 79 oF 128], N,O
A L Py

2] -, ?ﬂﬁ\—/\]*éﬂr—t— e AR 29 et A
S50, F712 02 Ak WA oF she A4 S0 we
Avkel ekt T3 B At A Akt wiEAlgE At
da2s dqier g Mol vt A, ﬁ%ﬁisﬂ
ZIFATE B e ARl YERT o2
o] Aazrlo] AghdE o] F7|3U+E AUS
Skl gRos whehEc

2yre] LATEA QHlER] AR RS Eo]7] YAs,

AEtH el ok, Astolgolet skt St 7o), of

OHE

Table 7. Comparison of emission factors in this study, IPCC and the other study

IPCC The other study”
Category This study
Anthracite Open the air inlet Close the air inlet
CH,; Emission factor (kgCH4/TJ) 11.77£1.72 1 11.28+0.70 18.14+1.67
N,O Emission factor (kgN,O/TJ) 7.43£1.15 1.5 6.25+0.57 2.98+0.35
D Kim (2013).
Journal of Climate Change Research 2017, Vol. 8, No. 2
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