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Abstract

Biomass burning is one of the significant emission source of PM and CO, but a few studies are reported in Korea.
Air pollutants emission from biomass burning such as wood stove and boiler, and wood-pellet stove and boiler were
estimated in this study.

Activity levels related to biomass burning such as fuel types, amount of fuel loading, and location and temporal
variation were investigated by field survey over Korea. Fuel loadings were 14.9 kg/day for wood stove, 31.3 kg/day
for wood boiler, 12.8 kg/day for wood-pellet stove, 32.5 kg/day for wood-pellet boiler during the season of active
use. These were mostly burned in winter season from october to april of next year.

Estimated annual emissions from wood stove & boiler were CO 76,677, NO, 710, SO, 70, VOC 20,941, TSP
6,605, PM10 2,921, PM2.5 1,851, and NHj; 7 ton/yr, respectively. Emissions from wood-pellet stove and boiler were
CO 32,798, NO, 1,830, SO, 25, VOCs 5,673, TSP 629, PM10 457, PM2.5 344, and NH; 2 ton/yr, respectively.
When the emission estimates are compared with total emissions of the national emission inventory (CAPSS: Clean
Air Policy Support System), Those occupy 12.5%, 2.8% of total national emission for CO and PM10, respectively.
These results show wood and wood-pellet burning appliances were one of the major source of air pollution in Korea.
In future, these types of heaters need to be regulated to reduce air pollution, especially in suburb area.
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A E-A] A 4 (biomass burning): Q19 A o] & 24
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EEHoz dE woloh AR AlEey 57
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o2 d#x 3lo} (NASA Langley Research Center,
2001).

2 dAAF FHAA dr|ede T

& ABAAEZE QAT A7)
27h U 58 98 2% kel 3%
77l g7betelAl ) & g7 Fel alek

o ARl AEAae] olg A
7l =7} As Aoz ¥ sty giok(Lee
., 2009a, b; Oh er al., 2009; Hwang et al., 2008).
AFE= g yE Al A B HOE 9
12448 Aed 29Q7el mre D7)

ko
=

b
2

S 2 DL ool
‘ﬁﬁiwh

ﬁmln&m{}l'ﬁ}m

—

=3

0 4y ©
T

AEA QLA A= vl 27l 53] %
H)AE 25 um elste] Al ZulARA L B
Ae G2 2717 Aees g A 7217k
oA alFALE el EER
o] St} FHZ 7Nl PM2.5 3
o 2Jaha A F7HA) A

T A7} Hee ojn
cAEA Qe 23 i
oA ] a1 SITH(NIER, 2009).
e e BHow AgH: AH F A9
AE T2l AP 7E 58 8= 2
stEdzsl ik olsh e %
Qe ool AA @] ) EARLL
DA 7] edEd o] ek wjEE L, thel
A4 7180 59} 22 fawado] SAe
BAE 715 e] o) B AE FH 77k 3o
A i EF 7] wgel bl 7] A H oz fdE 7]
27 =k (Kim, 2011).

A Sehdels Wr)eged F PMIOS] e
WAt ae] BEAAe] oby e WMol PM2.50
W i EAEE obd A 283 gk el

M

R
ek
b5, o
STANERFER

#els 79 el

(=
o
Al
2}, 2

+

2
TR

rﬂ.é-lioi

BT = o VN R PR 1

i

W o r® 3
Y
N,

r°“ L

S ol off
T

4

do
rz

©
#oha

271843 A A30A 435

o} (NIER, 2009).

B AT A ez HEnde) Wiz
AB e Abgl whe 7)o e HH 23e A
Ralet et Endels F2 e o
=2 Abgsta, A3tz »ﬂ%o’w =g 7
Iy FAFA e HEle Az Algsit) 3%

=g sebsh] 98] ohews) A 9 A3EY =
Abg AR AAske] azert 2z 5 A
A z2AFEE = v & AR ZFE= 20109 =)
U710 ST Ag (CAPSS)h vlmated, 4

EAAE FE ERe] AR A =E deolr

N
re
1
0z
i

—

2.1 wiEY AEuy

[=]
PESLENE T S LRI SRR

dzsl AHuA Aol T o7ledBd Wi
E4¢ A B5des Eude, e

iﬁ} A de= dub oz sHHeA A7 7]

5 d= B4l Azfelvt AlAdg s o] f3te] kg
o2 ARGE 7H L ol el Mgt EhE
A, 7Pl A M E ke B o= ARSI
= g el s S5 x A 9ol F5He] 3l
2l 7] wiitel] Wl A AAE A W
<+ ARgatelet vl=r AL e R AR A
BAMSHS A % wHoer dAsAEERE
A A zAVsl= vb (Preferred Method)3 =7} ofy
A BA A8 o]L3l= uHY (Alternative Method)
A Askar Qlok(U.S. EPA, 2001). 214 A} vy
AA 27 AAE uEEte] ARSAke) 1:1 4%
T A 53 e dsk g Ads =
e W olot F7t ol v A BA ARE o83k
= F7} odlA] AmEE FAs] &S At
Fe W eloh & Aol 3pEdR e} ol
9] A GA el EXF AA- e} d8 ALk}

w5 el ARE MY 5 odes A
A 2 PEe Akt o A W AL
o e Prw AnAEF 2 PYE ekl

l‘[‘

rulo



Stz - noelsl Al - wade Ao o8 U712 EA WEF Aol

FL (ton/yr)=AH X r X FLy XD

FL: & 9 ©$] 7t d8AH8-3F (ton/yr)
AH: 574

r: g4z 2488

FLy: 19 9 &AM (ton/day)

D: 7t AR8-<d 4= (day/yr)

P4 etz sEn e, Aeldes) dn
o] Abgel o3 g7l egEA wiEeF AP 2A
AL S AREslleh St Ee) st Ry At
SA WEEE dr1edEA wES e
T2 - Bdy vk BARE, U g A8 A
F 7| edEd WEAS Fo o Al 3

SRETEE
Emission=(AH Xr X FL; X D) X EF

Emission : w2 (ton/yr)

AH : 537+

ridE - Bode BEH|E (%)
FL,: 1Y < sARg-2(ton/day)

D: A7k AH8-d 4= (daylyr)

EF: d7] 4 &4 vl &4 (g/kg)

2.2 83 XA}

dubg oz AR, A 58 WidEE AR
e EAAGEGE FHA AN A =
A E 58 Wbl who] At gl BhEadz el
ey, dsidzel dAinde|e] Abg HLE
ZAFeE7] S8 =AIA A A Qe FPAgE o
A2 AR 2 W 1A A=E & o)
A (=, 29, A, 49, 339, AF)
oz FE3AH F T dv] FT vlEe] ¥
> A oz A4y, A4 AaAT 5
Fgzol A3 AE 3 HadzAbs $HE IR 4
ket = 12 BAA2 2010 ZF Ao mh2-9
4 5 q7Ee v S #88te] ekl Aol

ZAF A mhEe] AR A gF <l HAAFE Fo)7)
A 2 Agz F 7H dv] TR vl
= A 2E Aoz, 1007] o gl AA
1,0007] o] A#zAbs Hmz AAsioh 4
AdE AFEzz 7HAs 1,000 9] 22s A}
AL o 95% A FFFlA R A= £3.1%7) =

1

g 253

rJ

Table 1. Characteristics of survey region for the collection
of data on emission activities.

Number of ~ Number Agricultural/

Region cities and of Total households
counties village (%)
Capital 79 1,104 5.1
Gangwon 18 188 12.9
Chungcheong 35 442 35.8
Youngnam 75 1,066 37.2
Honam 42 629 43.9
Jeju 2 43 20.1
Total 251 3,472 6.7

Table 2. Statics of participants to the survey of emission

activities.
Village Survey
Region
Number Ratio(%) Number Ratio(%)

Capital 34 13.4 317 314
Gangwon 38 15.0 315 31.3
Chungcheong 74 29.2 146 14.5
Youngnam 58 22.9 115 11.4
Honam 42 16.6 92 9.1
Jeju 7 2.8 23 23

Total 253 100 1,008 100

o} (KSRC, 2008).
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Fig. 1. Location of field survey on activity level.
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Table 3. Descriptive statistics of fuel loadings for Wood-
stove and boiler. (Unit: kg/day - capita)

Classification Wood-stove ‘Wood-boiler
Average 14.9 31.3
Standard deviation 8.7 11.4
Variance 75.5 129.2
Minimum value 4.0 8.5
Maximum value 50.0 50.0

Table 4. Monthly variation of fuel loading by wood-stove

and boiler.
Wood-stove ‘Wood-boiler

Month Ratio consi]rlrffl)tion Ratio consl:llrlrfll)tion
@ ke @ keiyn)
Jan 21.0 462.8 21.8 970.8
Feb 19.5 386.7 19.1 769.2
Mar 13.6 298.6 13.1 582.1
Apr 2.6 56.4 6.1 263.7
May 1.2 25.6 0.7 31.7
Jun 0.3 7.2 0.0 0.3
Jul 0.1 2.5 0.0 0.3
Aug 0.5 10.1 0.0 0.3
Sep 1.5 329 0.1 3.1
Oct 6.7 147.9 6.7 300.2
Nov 13.6 290.3 11.4 492.9
Dec 19.3 4234 20.8 926.9
Total 100 2,144.2 100 4,341.5
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Table 5. Estimated number of wood-stove and boiler by region.

(Unit: number)

Region Wood-stove Wood-boiler Region Wood-stove Wood-boiler
Seoul 563 202 Gangwon 7,947 2,848
Busan 1,034 370 Chungbuk 8,759 3,138
Daegu 2,085 747 Chungnam 16,328 5,851
Incheon 1,563 560 Jeonbuk 11,495 4,119
Gwangju 1,573 564 Jeonnam 16,391 5,873
Daejeon 1,143 410 Gyeongbuk 20,341 7,289
Ulsan 1,411 506 Gyeongnam 14,389 5,156
Gyeonggi 17,066 6,115 Jeju 4,743 1,699
Total 126,830 45,447

Table 6. Descriptive statistics of fuel loadings for wood-
pellet stove and wood-pellet boiler.
(Unit: kg/day - number)

Wood-pellet stove ~ Wood-pellet boiler

Average 12.8 325
Standard deviation 6.7 35
Variance 449 12.5
Minimum value 4.0 30.0
Maximum value 20.0 35.0
W 28 4977 g Aoz vk
2 vt AR P 28 A7 124, 14,2
Qo) g Algaro] 714 BolTh T 4ol Bzl
EH U] 9% ARAMEF ‘EH 35 vepi i
sgdzel BERAY we WFe 45 9
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Table 7. Monthly variation of fuel loadings by wood-pellet
stove and wood-pellet boiler.

Wood-pellet stove Wood-pellet boiler

Month R(i/ﬁ)o consl:ll;?:)tion R(i‘;i)o cons};lrlril)tion
’ (kg/yn) ' (ke/yr)
Jan 16.2 395.3 21.8 1,007.5
Feb 16.2 330.3 19.1 798.3
Mar 12.3 255.0 13.1 604.1
Apr 6.0 48.1 6.1 273.7
May 3.8 21.8 0.7 32.9
Jun 1.0 6.1 0.0 0.3
Jul 0.3 2.1 0.0 0.3
Aug 0.8 8.6 0.0 0.3
Sep 3.9 28.1 0.1 3.2
Oct 9.5 126.3 6.7 311.5
Nov 13.6 248.0 11.4 511.5
Dec 16.2 361.7 20.8 961.9
Total 100 1,831.5 100 4,505.6
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Table 8. Estimated number of wood-pellet stove and wood-pellet boiler by region.

(Unit: number)

Region Wood-pellet stove Wood-pellet boiler Region Wood-pellet stove Wood-pellet boiler
Seoul 8 0 Gangwon 5,745 805
Busan 119 5 Chungbuk 6,176 2,259
Daegu 5 20 Chungnam 5,404 1,292
Incheon 1,071 271 Jeonbuk 2,974 1,061
Gwangju 0 0 Jeonnam 9,071 2,388
Daejeon 93 4 Gyeongbuk 5,576 1,296
Ulsan 7 30 Gyeongnam 3,897 819
Gyeonggi 6,317 836 Jeju 271 44

Total 46,734 11,130

Table 9. The scale of market sales of wood-stove and boiler, and wood-pellet stove and boiler.

Types Sales numbers (number) Heating area (m?) Sales percentage (%) Representative product
<60 10.3
Wood-stove 100,600 60~100 o714
100~135 232
>135 9.1
<60 30.0
Wood-pellet stove 20,000 60~100 450
100~135 17.0
>135 8.0
<60 7.1
Wood-boiler 12,000 60~100 394
100~135 31.5
>135 22.0
<60 12.0
Wood-pellet boiler 14,000 60~100 286
100~135 429
>135 14.3
Table 10. Emission factors by source category. (Unit: g/kg)
Source CO NO, SO, vVOC TSP PM10 PM2.5 NH;
Wood-stove 175.5 1.6 0.2 48.0 15.4 6.5 4.2 0.0
‘Wood-boiler 146.7 1.4 0.2 40.0 12.2 5.8 3.6 0.0
Wood-pellet stove 119.2 14.4 0.2 37.7 4.6 33 2.5 0.0
Wood-pellet boiler 450.7 11.9 0.2 48.8 4.7 34 2.6 0.0
W Ex)sAg B ¥]&” (Statistics Korea, 2010)2 & 3. t7|2PEE wEA I
#ai3ch An el g A ZA 54
Ag F AURY RFUF AR (Korea Forest Ser- 35z} 3hgudel deldzs) 239 A
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309 A3z

22 11,1309 2
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Table 11. Estimated emissions of air pollutants from wood-stove and wood-boiler.
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Az} H5ele Algo)
w2k A= A3}t A7 CO 76,677,

NO, 710, SO, 70, VOC 20,941, TSP 6,605, PM10 2,921,

(Unit: ton/yr)

Region CO NO, SO, vVOC TSP PM10 PM2.5 NH;
Seoul 341 3 0 93 29 13 8 0
Busan 625 6 1 171 54 24 15 0
Daegu 1,261 12 1 344 109 48 30 0
Incheon 945 9 1 258 81 36 23 0
Gwangju 951 9 1 260 82 36 23 0
Daejeon 691 6 1 189 60 26 17 0
Ulsan 853 8 1 233 74 33 21 0
Gyeonggi 10,317 96 10 2,818 889 393 249 1
Gangwon 4,805 45 4 1,312 414 183 116 0
Chungbuk 5,295 49 5 1,446 456 202 128 1
Chungnam 9,871 91 9 2,696 850 376 238 1
Jeonbuk 6,950 64 6 1,898 599 265 168 1
Jeonnam 9,909 92 9 2,706 854 377 239 1
Gyeongbuk 12,297 114 11 3,358 1,059 468 297 1
Gyeongnam 8,699 81 8 2,376 749 331 210 1
Jeju 2,867 27 3 783 247 109 69 0

Total 76,677 710 70 20,941 6,605 2,921 1,851 7

Table 12. Estimated emissions of air pollutants from wood-pellet stove and boiler.

(Unit: ton/yr)

Region (€(0) NO, SO, vOC TSP PM10 PM2.5 NH;
Seoul 0 0 0 0 0 0 0 0
Busan 15 1 0 3 0 0 0 0
Daegu 59 3 0 10 1 1 1 0
Incheon 799 45 1 138 15 11 8 0
Gwangju 0 0 0 0 0 0 0 0
Daejeon 12 1 0 2 0 0 0 0
Ulsan 88 5 0 15 2 1 1 0
Gyeonggi 2,465 138 2 426 47 34 26 0
Gangwon 2,373 132 2 411 46 33 25 0
Chungbuk 6,648 371 5 1,150 128 93 70 0
Chungnam 3,806 212 3 658 73 53 40 0
Jeonbuk 3,128 175 2 541 60 44 33 0
Jeonnam 7,040 393 5 1,218 135 98 74 0
Gyeongbuk 3,821 213 3 661 73 53 40 0
Gyeongnam 2415 135 2 418 46 34 25 0
Jeju 130 7 0 22 3 2 1 0

Total 32,798 1,830 25 5,673 629 457 344 2

J. KOSAE Vol. 30, No. 3(2014)
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Fig. 2. Distribution of PM10 emission by source types. (a) wood-stove and wood-boiler, (b) wood-pellet stove and

wood-pellet boiler.

Table 13. Comparison of CAPSS data with emission estimates of this study.

CcO NO, SO, PM10 vOC
Source
ton/yr (%)
CAPSS 766,269 (87.5) 1,061,210 (99.7) 401,742(99.97) 116,808 (97.2) 866,358 (97.1)
Wood-stove & boiler 76,677 (8.8) 710(0.1) 70(0.02) 2,921 (2.4) 20,941 (2.3)
Wood-pellet stove & boiler 32,798 (3.7) 1,830(0.2) 25(0.01) 457(0.4) 5,673 (0.6)
Total 875,744 (100) 1,063,750 (100) 401,837 (100) 120,185 (100) 892,972 (100)
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