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ABSTRACT

Emission from the traditional Korean fireplace, or the under-floor heating and cooking device, can contribute
significantly to airborne pollutants inventories. This study has systematically measured emissions of airborne
pollutants from the fireplace when used different fuels such as firewood, agricultural crop residuals, household wastes.
The results show that emission factors of airborne pollutants through the primary combustion of firewood were 3.22
g/kg for TSP, 2.93 g/kg for PMy, 2.65 g/kg for PM,5, 174.19 g/kg for CO, 7.77 g/kg for NO, 0.15 g/kg for SO,, 40.53
g/kg for TVOC and 0.03 g/kg for NHs; from burning of agricultural crop residues, 2.85 g/kg for TSP, 1.38 g/kg for
PMy, 1.14 g/kg for PMs, 126.47 g/kg for CO, 12.60 g/kg for NO, 0.20 g/kg for SO,, 33.73 g/kg for TVOC and 0.02 g/kg
for NHj;; and for household wastes, 10.52 g/kg for TSP, 8.52 g/kg for PMyo, 6.23 g/kg for PM,s, 72.86 g/kg for CO,
11.73 g/kg for NO, 0.20 g/kg for SO, 47.10 g/kg for TVOC and 0.20 g/kg for NHs.
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Table 2. Experimental condition of fuel combustion in
the test fireplace

Burning Number of Fuel
Ao] EolEe A= AT FAF 4G ofgols dEE Fuels duration  experimental weight
 Hsp7h glglont 24, 104, 11€0] thas 52 vjEo] Yeh (min) runs (kg)
o= WA 54 £, uhE T AR Q3] ofgo] At Wood fuel 50 3 5
BHE0] FoMl= aolem shdn). obgolel AR = Apple branches 40 3 5
A BEE ST Y, S A2 B3
SBIATIS m ARSI A0 8 ZASIIT) IS o)A Household wastes 40 3 5
Table 1. Consumption of fuels in the traditional Korean fireplace
Heating and cooking purpose Cooking purpose
Month
(kg/day) (kg/month) (%) (kg/day) (kg/month) (%)
Jan. 9.1 280.9 15.4 7.1 218.7 11.8
Feb. 9.1 253.7 154 8.0 224.1 134
Mar. 7.4 230.9 12.7 7.1 219.8 11.9
Apr. 3.7 111.9 6.4 43 127.6 7.1
May. 24 73.6 4.0 3.0 92.5 5.0
Jun. 0.4 12.2 0.7 1.1 33.0 1.8
Jul. 0.4 12.6 0.7 1.9 57.7 3.1
Aug. 0.6 18.9 1.0 2.4 74.8 4.0
Sep. 2.7 80.8 4.6 3.9 117.5 6.6
Oct. 5.1 158.7 8.7 4.8 147.8 8.0
Nov. 8.7 260.9 14.8 8.7 260.0 14.5
Dec. 9.1 280.9 154 7.7 2373 12.8
AVG. 49 148.0 100.0 5.0 150.9 100.0
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Table 3. Composition of household wastes used in bur-

ogt th7 |2ESEC| HiE £

ning test
Classification Weight (kg) Ratio (%)
Food 43 7.7
Plastic and vinyl 3.5/13.6 6.3/24.4
Paper 24.6 441
Textile 22 39
Combustible
Wood 1.3 2.3
Leather and rubber 0.1 0.2
Other 4.6 8.2
Sub-total 542 97.1
Metal 0.0 0.0
Glass and ceramic 0.5 0.9
Incombustible
Other 1.1 2.0
Sub-total 1.6 29
Total 55.8 100.0
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Table 4. Sampling and analyzing method of airborne pollutants

Emission pollutant

Analysis equipment

TSP

Particulate matters PM,o, PM, 5

Particle size distribution

Stack sampler
Stack sampler with PM;y & PM,s cyclone kit

Number concentration

Gaseous air pollutants

SOx, NOx, CO, CO,, O,

Gas analyzer

TVOC
Hazardous air pollutants
VOCs

FID
GC-MS

Others

Caloric value, moisture, elementary composition -
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3.1 gdzo| waEzZ 3 HAXY Table 7. Ratio of PMi; and PM,5 to TSP from fireplace
appliances
ofgololl AME A= ARRER, AgH7E, gRrew 7}
“refl dsfet A % AABIGA. ofgele] Aadl Bt & Fucl Particle size distribution (PM/TSP)"
ucls
T ere dAsdE 2 11137, AR 101.0T, A2 TSP -~ e
7l 129.7C= ‘«}E&b‘% B4R e AREE g Wood fuel 1.000 0911 0.794
o gk
15.2%, ARIFE 14.5%, A2 7148 23.5%2 vrebgon, o Apple branches 1.000 0.483 0.401

TS 7171 4,341.0 keal/kg, 4,270.3 kecal/kg, 4,669.3 kcal/kg
o8 UeRgTh. T3 ofgolo] ARSE L ARl 4z
L Bl 47.80%, 424 5.70%, A2 0.06%, 3 0.00%, A4 2l D calculated based on the measurement of mass concentration.
71} 46.46% LFEROm, ARRFRS] QUARAH L EhA 4577

%, 522> 5.79%, A2 0.90%, Z 0.00%, Ata L 7]e} 47.54% 28 WERATE 1)l Au|7]Ee] A 42 105 gke, 8.5
2 Uepgr) a2)a Qe8] YA Bk 48.70%, kg 62 ghgE UERdTH

Household wastes 1.000 0.795 0.581

S 6.99%, A4 1.64%, 3 0.00%, A2 L 7|EF 42.67%= U+ FTHFEEY "Xé%ké’-_ EQE APdE 4 288 AERE
337 H, SHEdR0] e F HA| F PM0] AA|Sh= HlE&2 %
2f, AR, Al 71?5—01 Z}7}y 91.1%, 48.3%, 79.5%=

3.2 XA 7 |2HEE! Epuitt E3E T WA T PMys7} ARk vle2 A2 Al

_ 2 A 7| 50| 2 79.4%, 40.1%, 58.1%= i}
oFololAle] TSP, PMy, PMhse] S5 0 hrn Az 1 SE/IEO] A T04%, 40.1%, S81% HER

= Table 67} 2t} AREE AHEH TSP, PMy, PMys9| &

L zpzto] 7Fz} 95.6 mg/m’, 87.2 mg/m’, 75.9 mg/m’E 1}
Epyron, Aluis 74zt 755 mg/m’, 36.5 mg/m’, 30.3 ofgooflA] HiEE= 7k t7] L@ Ao A= CO, NO,
mg/m’Z Uepdth 83 A2 F9 zkzF 2789 SO, VOCs, NH; 5o] A=H3Ith ¢1=d CO, NO, SO,
mg/m’, 221.7 mg/m’, 162.5 mg/m’& VERY, T} R0 1) TVOC, NH; 2] &A= Azlol| 4] 712+ 174.2 g/kg, 7.8 g/kg,
3 AFs| o A= Uehgth E3h A=W TSP, PMy,, 02 gkg, 405 g/kg, 0.0 gkgo 2 159l 0w, ARzppo|
PM, 59| H& A4 AFzto] Zk7F 3.2 ghkg, 2.9 gkg, 2.6 gkg Al A2 126.5 g/kg, 12.6 g/kg, 0.2 ghkg, 33.7 gkg, 0.0 gkg®.
o2 Uehton, AR 7121 29 gke, 14 gke, 1.1 gkg & AREECE B3 A7 S = 242 729 gke, 117

3.3 JIAA 7 |QEEE!

Table 5. Characteristics of the test fuels

Fuel Moisture content Caloric value Elementary composition (%)
(W/w%) (kealkg) C H N S Others
Wood fuel 15.2 4,341.0 47.80 5.70 0.06 0.00 46.46
Apple branches 14.5 4,270.3 45.77 5.79 0.90 0.00 47.54
Household wastes 28.5 4,669.3 48.70 6.99 1.64 0.00 42.67

Table 6. Particulate emissions from fireplace appliances

Concentration (mg/m’) Emission factor (g/kg)
Fuel TSP PMio PM, s TSP PM;o PM, ;s
Wood fuel 95.65 87.18 75.96 3.22 293 2.65
Apple branches 75.56 36.51 30.27 2.85 1.38 1.14
Household wastes 278.97 221.73 162.01 10.52 8.52 6.23
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Table 8. Emission factors of macro air pollutants ¢} U.S. EPA(2001), AP-422] Residential Fireplace BjZ&A|

Emission factor (g/kg) £ H|wsigiek vl 24 A, IR L= B PMy

Fucls & AP-429] Zto] ¥ ATATIO] wiEAETE oF 18~11v)

CO NO SOx TVOC NH; 2o 252 UElTh 7k © @B TS] A9 NOK AP42

Wood fuel 174.19 7.77 0.18 40.53 0.03 o] WjEART B A7AT} Zro] OF 6.5~10.50) HE o

Apple branches 12647 12,60 020 33.73  0.02 222 Jeldon, VOCE B odrzalEch AP-429] Hi&
Houschold wastes  72.86 1173 020  47.10  0.20 A gho] oF 2~3uf Hw o Zoz e,

sj= = g mele, el Wl v 9 melejolA

gkg, 02 g/kg, 47.1 gkg, 0.2 gkgo 2, ThE Amo] n|3lo] HiE A2} H|WSHE PM,09] 739, ARUE 7 S g

SFwUol} o Aow e & Uepdon, Ags7) 2K 7 8 gk Btk NOx

0] 7%, B dRolA Hildz 9l Hdeo} Blsgt gk B

3.4 SEIIE fom, CO9| 7 g 7|=ol oJgt gro] 7P =2 Ao
2 yehe

Baphie dno] Bebd Aol ofsle] wZE, /1%
WEE: sl ARlEolek ofgolold Haske 7 &
o

B els}E o] wjE A2l Table 99} 2} PM oS 7]20 Table 9. Emission of black carbon from fireplace appli-

RS WA A, Ak, AT 242 09 ances
ke, 0.9 gkg, 1.8 gkgO 2 UERLOH, PMyg F =371 Fuel OC EC TC PMy TC/PM
H|Zo] Az}, AL, sk 7| S0l A 22k 33.5%, 68.3%, e "
20.5%F AA|ok= A2 UERIT p— Tt
3.5 HiE7I+ Hlw Apple branches  0.56 030 086 126 683

Household wastes  1.54 0.24 1.78 8.70 20.5

A obgo] Fite] LH=AE iEArE & dEY

Table 10. Comparison of macropollutants emission factors (unit : g/kg)
Item PM;o NOx SOx (60) vOoC NH;
AP-42(Fireplace)* 15.7 1.2 0.2 114.7 104.0 -
Wood 2.9 7.8 0.2 174.2 40.5 0.03
This study Apple branches 14 12.6 0.2 126.5 33.7 0.02
Household wastes 8.5 11.7 0.2 729 47.1 0.11

" Z}E : U.S. EPA(2001), AP-42, Residential Fireplace.
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Fig. 1. Comparison of macropollutants emission factors.
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Table 11. Comparison of air pollutants emissions from burning appliances (unit : g/kg)
Item PM;o NOx SOx CO VOC NH;
Wood" 6.5 1.6 0.2 175.5 48.0 0.02
Stove
Pellet” 3.3 14.4 0.2 119.2 37.7 0.02
Wood" 5.8 1.4 0.2 146.7 40.0 0.01
Boiler
Pellet” 3.4 11.9 0.2 450.7 48.8 0.02
Wood 2.9 7.8 0.2 174.2 40.5 0.03
This study Apple branches 14 12.6 0.2 126.5 337 0.02
Household wastes 8.5 11.7 0.2 72.9 47.1 0.11

*

A}2 D Park et al. (2015a), ? Park et al. (2015b).

=

e

4,

751'

2 dtolMs 82 547 Al B 4

AREBl= ofgoloA] HiEE= 7| e dE AL Hi

efstarzt siglom, ol fiste] oA 71 HiHA

Wol Z-E5kl Qe ARCEAL AR, A7 E)E o

S2 ATt ofgolofA] HAsk= uiE7 A0 ARV

7t L AEES 5751 flsto] 242k SAHIE A

sialom, A SHE fJste] “F - A — da -

9 B ook 9 A o ulETRs BAY 507 5

SHA| 4=2gstelTt.

1. ofgolof] AR AR AR, AgHrlE, ko= 7F
Zof| tsto] AT S AAEI. o, ofgo]o] A
&4 &7 erl Az A2 111.3C, AR 101.0C,
AgE|71E 129.7C= Uelyith s 8 ds d=
3 22 152%, A 14.5%, A7) 23.5%E L}
Epton, drdeko 717t 4,341.0 keal/kg, 4,270.3 keal/kg,
4,609.3 keal/kg © & LJEPSITE HERL ofgolof] ARERE L
Zo] AAZAL EAT} 47.80%, G4 5.70%, 24 0.06%,
= 0.00%, Ak~ B 7]E} 46.46% = RO, ARt
AARAL BT} 45.77%, G224 5.79%, A 0.90%, 3
0.00%, Ak 9 71E} 47.54%2 Jebgeh 1a)ar A
O] YUARAL BEATL 48.70%, 424 6.99%, A 1.64%,
3} 0.00%, Ak = 7)E} 42.67%2 LERdch

2. o}golo|x9] TSP, PMyy, PM59] 5= 9 &A= At
= dudE Aao] Z7F 3.2 gke, 2.9 gkg, 2.5 gkglo =
LERtom, A= 242 2.9 glke, 1.4 gkg, 1.1 ghkgS
2 et 22l AeE7Ee] A9 212 105 gk, 8.5
g/kg, 6.2 ghgo = UERTE

]
>~
i

N i

;

5
_E_I

/3

o o

AN oo wH

ol
=

4

Journal of Climate Change Research 2015, Vol. 6, No. 2

3. ofgolofA] HiEElE 7IA) 7| e G B A = AREE
AMHETH CO, NO, SO,, TVOC, NH;2| HjZA|5= Azt
A Z¥7} 1742 g/kg, 7.8 gkg, 0.2 g/kg, 40.5 gkg, 0.0 g/kg
© 2 A9 o, A RoA] 2k 1265 gkg, 12.6 gke,
0.2 g/kg, 33.7 g/kg, 0.0 gkgO = A== qlct. Eg g
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5. Q4] ofgo] FHEe] @ ARAH wiEAleE & A At
¢} U.S. EPA(2001), AP-429] Residential Fireplace BJj&H|
S5 Hlwsielet v 24 A}, Ak e A= H-
PM o> AP-429] gho]| . -t Awto] ulj&Alrr ) oF 1.8
~11H] 2 22 et 7 @ GEE 2] 749 NOx
£ AP-429] viEAleETE 2 A7AT gho] oF 6.5~10.5
v G 2 A2 YERton, VOCE 2 A7 Artect
AP-429] H&A 5= Zho] oF 2~3u] A =& Aoz el
wieth

Al AL
2 Ahe eE5-9] 2012 A of| o) ieHo)d7 =N

HARI411-113-011)9] X|gLo @ SapE|glom, oo ks
uc



0f30| AKZ0ll 2l 7 |QE=EC| HiE 5

REFERENCES

CARB. 2005. Emission inventory methodology-San Joaquin
Valley unified air pollution control district : Agricultural
burning.

Kim DY. 2011. Analysis of air pollutants emissions from
biomass burning in Seoul Metropolitan area. Gyeonggi
Research Institute.

Kim PS, Jang YK, Kim J, Shin YI, Kim Js, An JY. 2010.
A study on estimation of air pollutants estimation from
residental wood stove. Journal of Korean Society for
Atmospheric Environment 26(3):276-285.

NASA Langley Research Center. 2001. Biomass burning: A
hot issue in global change. FS-2001-02-56-LaRC.

NIER, Najtional Institute of Environment Research. 2009.
CAPSS(Clean Air Policy Support System).

NIER, Najtional Institute of Environment Research. 2009. A
study on the estimation and contribution rate for PM,s.

Park SK, Choi SJ, Kim DG, Kim DY, Jang YK, Jeon EC.

2015a. Emission characteristics of air pollutants and black

119

carbon from wood stove and boiler. Journal of Climate
Change Research 6(1):49-54.

Park SK, Ryu GJ, Kim DG, Kim DY, Jang YK, Jeon EC.
2015b. Emission characteristics of air pollutants and black
carbon from wood-pellet stove and boiler. Journal of Cli-
mate Change Research 6(1):41-47.

Park SK, Choi SJ, Park GJ, Kim JY, Bong CG, Park SJ, Kim
JH, Hwang UH. 2011. Collection characteristics of parti-
culate matters from biomass burning by control devices :
Mainly commercial meat cooking. Journal of Korean So-
ciety for Atmospheric Environment 27(6):641-649.

U.S. EPA. 2007. TTN EMC method 5G-PM wood heaters
from a dilution tunnel.

U.S. EPA. 2007. Emission inventory improvement program
Volumelll : Chapter 2-Residental wood combustion.
Han YH, Kim DY, Choi MA, Park SK, Jang YK. 2014. A
study on estimation of air pollutants estimation from wood
stove and boiler, wood-pellet stove and boiler. Journal of
Korean Society for Atmospheric Environment 30(3):251-

260.

http: //www.ekscc.re.kr



	아궁이 사용에 의한 대기오염물질의 배출 특성
	ABSTRACT
	1. 서론
	2. 연구 방법
	3. 연구 결과
	4. 결론
	REFERENCES


