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Abstract

Biomass burning is known to be one of the main sectors emitting greenhouse gases as well as air pollutants.
Unfortunately, the inventory of biomass burning sector has not been established well. We estimated greenhouse gas
(GHG) and air pollution (AP) integrated emissions from biomass burning sector in Seoul during year 2010. The
data of GHG and AP emissions from biomass burning, classified into open burning, residential fireplace and wood
stove, meat cooking, fires, and cremation, were obtained from Statistics Korea and Seoul City. Estimation
methodologies and emission factors were gathered from reports and published literatures. Estimated GHG and AP
integrated emissions during year 2010 were 3,867 tonCO,.,, and 2,320 tonAP, respectively. Major sources of GHG
were forest fires (1,533 tonCO,,,) and waste open burning (1,466 tonCO,,), while those of AP were meat cooking
(1,240 tonAP) and fire incidence (907 tonAP). Total emissions by administrative district in Seoul, representing
similar patterns in both GHG and AP, indicated that Seocho-gu and Gangseo-gu were the largest emitters whereas
Jung-gu was the smallest emitter, ranged in 2~ 165 tonCO,, and 0.1~8.31 tonAP. GHG emissions per km?
showed different results from total emissions in that Gwanak-gu, Jungnang-gu, Gangdong-gu and Seodaemun-gu
were the largest emitters, while Seocho-gu and Gangseo-gu were near-averaged emission districts, ranged in 0.2~
21 tonCOZeq/kmz. However, AP emissions per km? revealed relatively minor differences among districts, ranged in
2.3~6.1 tonAP/km?,

Key words : Biomass burning, Open burning of waste, Open burning of agriculture residue, Residential fireplace,
Residential wood stoves
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1. M =2

A Fedai Qzke) Bl o8 W] Foz )
23 27la7) 73 29loln wlZo] WETT 3

r&

HEhe 71 5uste] G2 5 el gk A45E
Aoz By (IPCC, 2013). =&k <l7te] Fxo

712 9E8AS dego s vEAA Pr]e AL A
A7) glom, F3 Yl HAie) 93 Zlow
FH Az o3 dir
(Kim and Yeo, 2013).
A} EA A4 (biomass burning)s 17+2] &l 2

g Qlo|A mi Aoz WkslEL ulo| SujA o
&g olulsm, AEA Al =T dashs oA

e el 2. 9@Ae] WSk SITH(GRL 2011). 4
EA daE= AEA vlo] 2m 2 (plant biomass) Q4
9]' FEA ulo] 2vll 2 (animal biomass) 42 T

& glon), dams oA 2ol d4F 4
ek ol o7] 2B B opfel olAksheie
(COy), #&k(CH,), o}AkEkE 4 (N,0) 53 22 2
e wiEEe] AF-exdsle] St Aol E 5
o (Lee, 2012). £3], JEA A4 522> AT} 2
& wAaTelA ARy Axs glew), 4
qaol] o3 WlZe W} R £Asbseh o) 2ol

u A de setsie 2ol Basfe (Permadi and
Oanh, 2013). e]ol] wie} AEA dAikel FgF 77}
28] ZFo ¢lom, v]= 37 ¥ 53 (Environment Pro-
tection Agency, EPA)Z} 22| 1o} o) 7] B4 (Cali-
fornia Air Resources Board, CARB)& FXlo =2 &
A d42] Wl ZE-= (emission inventory) 2HAd 3} w3
Alg ko] ghs] 218 Fol| glovt, el A4
ol AEA el wE mAHA| o] A EA
371 sl slon, A7) Ayae el
Aok $ARohe %] wEA4E e 24
Fol] W& 9lo}h(Kim et al., 2014).

AR et e 2Es 9a Al o
3} 1:H7] ¢ 3B o] WAl F} =1, WelExl o] t}3hu)
ZE}l3l 4 (Polycyclic Aromatic Hydrocarbons,
PAHs) ¢} E"—fj— 3l o) 7] 293 &4 (Hazardous Air Pol-
lutants, HAPs)2 ¢lAo) &l 2-¢ oJ8FS w|x ) (Park
etal.,2011). E3], =4 oA A= AEA] A4
o 75 i3 Gare] olele FaH 2Aow <

o

ul

riL l-N

o
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4
adv)
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=) 7]18 7483 A 319 A 1=

sle] ®=A] AFALENAl 2E7]) A 5o AHA
s 2 4 gl (Park ef al., 2011). 3}A]% A
B4 dar d7IALAA A 28 (CAPSS)oIM = =
2tE]o] gle] wiEd Hefrt 79| o] FeiA|A] ¢t Q)
©ow (Kim ef al., 2013), o]ol] HEA ko] gt A
egtetzt g )yt Folue Jesieh w3k ¥
A AEA Aol A AT W79 A A
A7E AFE ddon, AVAYred 5] &
5 913 FA A o] wlu]dt Aot} whEiA] A
EA Aol s HAEE SAVIAdr e 5
W& A2 d o] Eu] o] AFlsle], AJBA] s 9
J7F H 2 el euehs vl

ulehd 2 d7E 20109 AeA] AEA ol
DI RPN PRCC IR L ) /\\l—?(ja‘].:_l—r_’ o
[

(e}
=
2 Ase 919 MEADS) B S0

2.1 ei7e| el
7o) g3 % AgAele, A7He 3]
 ATY danE % Agsd 8 726 9)

Age] sl golg
2010102 it 03%94 e =127 @78,
T4 ANE), obel, BEdE, 370 (2 27], H)
A 27, ga7)), B (A, AE) el FEA A
29l 3 (Ahe=s 6}%4. 55 AsE
AQuE olgated ARE FF 3 TEIon
(Statistics Korea, 2011; Seoul city, 2010-2011), 3 1]
F59 AT A4¥E TEEE Uehidch

2.2 HiEAT

2 Aol o] &% wjEAls= EPA AP-429} EEA
(2013) EMEP/EEA emission inventory guidebook 2013,
12]31 NIER (2013)e]4] "ha) 3t 7] @ GAR b A
HE 7ke = siglom, Mol A Ak wjEA
5% A4 2 FZ3he] 443190 (EEA, 2013; NIER,
2013; KEC, 2012; GRI, 2011; Bong et al., 2011; NIER,
2010; SJIVAPCD, 2009; CARB, 2006; IPCC, 2006; EIIP,
2001; EPA, 1995). 3% 2¢f 2 Aol A4 wj&A 45
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Table 1. Status of biomass burning activities in Seoul, 2010.

Contents Activity Unit Data
Waste Agricultural population Person 13,602
Open burning The amount of waste Ton 1,175
Agriculture Cultivation area Ha 455
. . No. of house Number 35
Residential fireplace Fuel consumption Kg 67,648
Residential wood stoves No. of house Number 156
T Fuel consumption Kg 397,563
Beef 33,974
Meat cooking Pork Weight Ton 72,518
Chicken 59,868
. Forest Area m? 4,318
Fire .
Incident Case Case 5,321
Cremation Human bodies Body 40,130

Table 2. GHG-AP integrated emission factors in biomass burning sector.

GHG (Green house Gas) AP (Air Pollution)
Contents
CO, CH, N,O CO NO, SO, PM,, PM,5; VOC
Unit kg/T] Ib/ton
Open burning of waste 100,000 300 4 85 6 1 38 34.8 8.556
Pruning Fruit - - - 42 52 0.1 3.9 3.7 2.3
S}f’;‘i‘n of _ Mixed cereal - - - 70.9 33 04 114 109 66
e E‘r‘(’)ls Beans - - - 148 52 01 137 13 142
gr- Others - - - 113.95 4.49 0.61 15.9 15.18 10.73
Wood Fireplace 112,000 300 4 252.6 2.6 0.4 34.6 329 229
combustion Wood stoves 112,000 300 4 140.8 2.0 0.4 14.6 13.9 12.0
Steak (Beef) - - - - - - 34.4 33.6 7.88
Underfired Pork - - - - - - 21 19.8 3.64
Meat cooking Poultry - - - - - - 21 19.8 3.64
. Steak (Beef) - - - - — - 10 7.6 0.14
Griddles  p i/Poultry - - - - - - 70 76 0.14
Unit g/kg kg/ha
Fire Forest fires - 4.7 0.26 1,410 40 - 109 - 242
Fire incidents - - - 148.7 3.5 - 6.1 - 12.3
Unit - - - kg/body kg/body kg/body g/body g/body kg/body
Cremation Cremation of human bodies - - - 0.14 0.825 0.113 34.7 34.7 0.013
2 AAstgon, £A7ks wjES CO,, CHy, N,O 2.3 HjS2 AbEubY
= MEAH A 3 2331x]4=(global warming poten-

tial, GWP)Z o] &3}e] CO,, 2 3le] wjZFe A1A
3k 2.3.1.1 §7|18 =447
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AARstd e, d7] e wiEFE AeAl Tl Tl
A AEE 107 F7E AR 2
o2 A HG. #7718 AT 23 g7]eqd vl
=% A AL (HF 2ok

E=(PXR)x WX BXEF 1)

o714, P& Q174 (person), R 5E1]E (%), W
1815 A7k #7]& A= (ton/person - yr), BE &=
Ax7n & (%), EFE w &4 (Ib/ton) o] o 3| 7] &
X ALZ A A e TR 27 ohg3 Zdh AlA], 9
715 AL st &3 B4, 57t S
1915 5 7]%8 2 s-S 0.36 ton/person - yro] wj3
Ao AA, 571 H71E F 23 e vE
24%=. 7}A) 3k} (NIER, 2009b).

718 =147 o5t 2A7kA wiEaRe 47}
oz #7182 <kt MiEASe] o A E
o, A A2 (2)¢} Zh

E=WxEF 2)

7)), Wi 2715e] A= s17]%2] ok (ton/yr), BF
w24 4= (kg/TI) oo} (NIER, 2013; NIER, 2010;
IPCC, 2006).

2.3.1.2 = AAQE =Hd47zt
o AE AL om HHAEE= g7]e9d u)
Z% 7FA1A17] (pruning) ek W2 (field crops) =

FEsgem, A A 33 2o,
E=AX Fuel loading X EF 3)

714, A 7A%A WA (m), fuel loading-& 2H2th
wAG 47 (g/m?), EFE= w244 (Ib/ton) o]t
(CARB, 20006).

2.3.2 0}Z0]

ohgolol ] WEHE STz es g )
e Auol gt WEAS Foz AgRs
(EIIP, 2001). Zm)ARA] (PM, ) wh A5 w42
2] (PM )9 W)€ 095% -4-5131ch (NIER, 2009a).
obgolel oIq SAks) B7] 0.9 MAek A A

(4%} 2t
E=WXEF 4)

714, Fe A8 AHE=(FA2] 4 ke), EFE vl &4

stz 71848k 3% A 314 A 15

Froln, &A1 7= kg/T), t7] 292 Ib/tone] w9
2 7=t} (NIER, 2013; NIER, 2010; IPCC, 2006).

2.3.3 =22
e R ARl - AR 7] 99 59 vl
=% AL dE AN FoE AAEH (EIP,
2001), elz-e] 9} FUFA ZrHIHA] (PM,5) vl &4
FE AAE] UA ok, vlAIHA] (PM,) B]&-<l 0.95
= #4319t (NIER, 2009a). 247t~ H7]1 29 &
gk & AP A2 ofFole}l YAl ALtk

2.3.4 17|F0|
a7]Felell 9 dr]eqd wiEe avEE 4
37], A 27), gl o] ol el an|kst wiE
A2 Foz A, A A2 (5) 2o

E=M xEF 5)

{714, M2 AzF &M= 31719 Au|F (ton/yr),
EF%: w274 (Ib/ton) ¢] =} (STVAPCD, 2009).

2.3.5 3|

2.3.5.1 A+3kA)
AF s Aol o8t d7] 99 wiEERe Ak o] A

HA I W EASY] Foz AMEY, A Al (6)
3} 2o
E=AXEF (6)

4714, At A3 @4 (ha), BFE 274 (ke
ha)©]=} (NIER, 2013; NIER, 2010).

A )% LA W u]o|AbstRka
(non-CO,) & w| ek (CHy)F} oMiFEE A (N,O) = HjAt
2A= AR or] A Ale ()3} 2,

Ly, mAXMpX Cix Gyx 107 (7

o 7]M, L= Aol o8k 241712 vl &3 (ton), A
+ d4d WA (ha), Mpe 94 7ssh d82] A
(ton/ha), Cie AAASE, Ge Akol o8 A7k~
wl| 24| 4= (g/kg) o) (KEC, 2012; IPCC, 2006). ¥ <1
TFolA U i 7FsE 989 Ak 9 daAee
Myx Cro2 19.8ton/has A48} (KEC, 2012).

2.3.5.2 AE3}A)
Azl o7 7] e MEge A A%
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o} wiEA 5] Foz AE, AR AL (8)7 2k
E=C XEF 3

o37]1A, Cx= 71 &3 714 (case), EF= wi&A 4
(kg/fire case) o] =} (NIER, 2013; NIER, 2010).

2.3.6 &

Abee) el olak w7 eq ke P Al
A MzAse] Foz AR, Y A ©)
s e},

E=BXEF 9)

o17]A, B APk (body), EF= v &7 4= (kg/body)

o= (EEA, 2013), M- &A] 3}l 2]t 7] o5 A

& AL T AFIRSE 25 s AFE R sk 7HY
< (scope 2).0. 2 ALA 3} ).
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3.1 SAIA-HI |2

o]

84 3

ekl ey B e
ﬁﬂﬁﬂg

97 3o hepiglen), 97k SAskas)
7)1 wj&=eke Zb7} 3,867 tonCOyg, 2,320 tonAP

h=]

o

2ATkA-gr) 2 B MlEE B wMEAG RS 87

7] w3l PMy, vl &2 M43t

WEA Az AV E AFEZE 1,533 ton
CO® 7HE B2 vlES Bolon, ggoz ¥
718 A 27te] 1,466 tonCO,,, 2 AF A 9} o) 7] 2
Zro] AA Y 77.5%% AR sIHTE a2z o
7+ 97 7)F-o| (meat cooking)ol] 2|3+ wjZ
gko] 1,240tonAPZ 7} wgkon oo 2 ﬂ—%ﬁ}

A7F 907 tonAPE LJERGT) mlA R A] vl &S A9

P R

T

A

oojo
——u

b, B9bd daz Qla HAEE dAaksska (CO)
7} 880 tono 2 7} @2 wi &S Boc)

A EE e ARRg, {75 2l o3t
Azt A7 A Y7199 wiEsS Zh7h 1,466 ton
COyqr 74 tonAPZ yEhdc)h AW 2= JAks}els
(CO)7} 45ton.2 60%2] 7} =2 u4-e 2443}

et

4 AT BT T )2 EYe
g Ao ol gohe] ALESIA w4 A
Q7 o712 WEES StonAP= et £
2x dAkElErA (CO)E 4.2 ton, AAAMEE (NO,)>
0.33 ton, 3FAFE}HE-(SO,)-2 0.01 ton, B|MHA] (PM, )=
0.47 ton, Zr|H|H 2] (PM,5)+&= 0.45 ton, 344 5-7]3}
&2 (VOC)L 0.32ton0. 2 Ljehytet.

ogolol O|% MEFS BT 8L o4
of ARG om, obgol i FAz Apgalel F
A A o)st AAAuI S A Ls)e] ALA sl AF

3|

-

2 vebgeh 2 A7l onAPE W71 99 wlE AA AzF 2AvkAe) rﬂﬂgg Wi Z2ke 2kt 126
(Air Pollution, AP) . 2 A oJ51g] o], ¥)7] 29 WA tonCO,,, 16tonAPZ Yelton], B e JAls}
WESF A Al PMy 59 9742718 PMeoll 235 &k (CO)E 7.75ton, FAAESHE-(NO,)- 0.08 ton, 3}
Table 3. GHG-AP integrated emissions from biomass burning in Seoul, 2010. (unit: ton)
GHG AP
Contents
COyqq AP CcO NO, SO, PM,, PM, 5 voC
Total 3,867 2,320 880 56 6 1,215 1,034 163
Oven burnin Waste 1,466 74 45 3 1 20 19 5
P € Agriculture - 5 42 0.33 0.01 0.47 045 0.32
Fireplace 126 16 8 0.08 0.01 1 1 7
Wood stoves 741 30 25 0.36 0.07 3 3 2
Meat cooking - 1,240 — - — 1,157 1,010 83
Fires Forest 1,533 1 0.61 0.02 - 0.05 - 0.1
Incident - 907 791 19 - 32 - 65
Cremation - 46 6 33 5 1 1 1

a) blank - in case of no emission factors (EFs) or no activities reported.
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AFEHE- (SO,)-2 0.01 ton, m|M|HZ] (PM,)= 1.06 ton,
ZHA 9 A] (PM,5)%E 1.01 ton, 3444713438 (VOC)
2 7.03tone = el

3HEt 2ol o3t W& ofgolg) FUs AW
Alg A g3le] ARt on, A AT A7t A7
2o Y7129 wiEFS 27 741tonCO,,,, 30 tonAP
2 Yehton], 22 e dAEEA (CO)E 25ton,
A 2AFEHE (NO,)2 0.36 ton, 3HAHEHE (SO, 0.07
ton, B]A|H =] (PM,o)+= 3 ton, Z0|A|HA] (PM,5)E 3
ton, 3A 671 3HHE- (VOC)-2 2tono. 2 Yeh}, o
AbELEEA (CO)7L 75.75% 2 71V B2 v]&& AA]3)
Ak

7] Felell o3tk W7 eqd wiEES> 20109 V)%
7] Fele] A 1919 AREE 437] (12.9kglyn),
2] 327] (31.3kglyr), 7] (15kglyr) ] 74| &
715 AMlERE ARIA L] vEE dgete] AbAIEd
(KMTA, 2012). =3t 327] ool &3 Bj7] 24 =)
3% A dael o8 A (3] el o)E v &
A7t BAHEE dAksisbA (CO), AiAbstE
(NOy), SAFSE (SO > Al 9] 3kaL, ulA A (PM,g), 2
v A A] (PM,5), 32 H-71315HE (VOC)ol| w3iA]
AHstsioh AR AR A7 7] eSS 1,240
tonAPZ el or], A2 = ulAwlA] (PM,)=
1,157 ton, ZP]AH ] (PM, 5)+= 1,010 ton, 3]A1-7-7]
313HE(VOC)2 83 tone 2 epdoh

AR Sl of o3t Azt 2AIRAS) 7] 0] wi &
< 7+7} 1,533 tonCO,,, 1 tonAPZ. peliton] 22
W= 9absiels (CO)7} 0.61 tono 2 61%2] H]&
< AAEIen, Tgoz IEAH7]EEHE (VOCO)
o] 0.104ton 0.2 vehe}. A shAlel] gk Azt o)
7129 W& 907tono 2 Yephtor AWM aE
A ArE}ERA (CO)7} 791 ton o 2 87%2] B &S 3|
5 1=3

3} °l‘& A7 W71 wiZS 46 tonAPO

2 Yehgeon, e dAikseka (CO)E 6ton,

élﬁ:&ﬂ-g(NOx)% 33 ton, o] Ak=}3}H(SO,)- Ston, 7]
M A] (PM, ()= 1ton, 204 X] (PM, ;)= 1 ton, B]
W gk3] A 6-7) 3H5HE (NMVOC)2 1tono 2 velyt
o} gl B e A AALEHE (NOY O] 72%2) 71 =
< vEE Ao, 2 S5 daR 3
315 (SO,) WA Fe] o|9]e] AEA A4 dn] B2
o2 vebgT.

r.?: kl

1

stz 7| 848 3% A 314 A 15

a9 1ol AR Q7 LA
9 B WEd ke depials A1
HAAazbel o3t HA7F 2AI7EA wEeFS 2~ 165 ton
i

ehton], =77} 165 tonCO,,, 2
71 e wjEEe ngon geom 7PFr) 158
tonCO,, 2 YERsteh vk 713 A wi&= P 7

FF2 A 28]z A7 ey v
0.1~8.31 tonAP9] WS ngom AHE=
Q2 2ATEAeL FdEE T A E] 9
3t A7F ¥)7) 2] miES 0.01~0.47 tonAP2] ¥H¢)
2 molow, NaTr} 1 Be wEee nglon,
oz T2 vehgtt obgele] 3 Ak &

A7k v &3 4~1510nC0,,, 0] HEE Bo
ZdA T "1_7?:—1—, 74577} 15t0nCOy 0.2 712 \gg
WjZeke ngon geow spdel £33} 11

tonCOzeqi vehdo) gela 7k bi7) e wler

2 0.47~1.87tonAP9] W2 MAEE= AFAHL &
Arhesh FAse sl G Az LAt
2 Wl &L 5~8610nCO,, 0 WSS Hom, Nz
7 A gk HHEP,L—- Holom theoz AT

7} 81tonCO,, o) ¥l &e& B4c) 223 Azt w7)
29 wlE=e 02~3.34t0nAPS W=
WEEE A A7k FAEsITh 7)ol
o o5t Azt Y7) o) wjZeFe 17~81tonAPS] W
g nyow, H3b77) 7P g byEE Beioh

ngen,

Aol A=l we Aol AR Aelg nol
20104 A AN LY ARA) o A
SAZkas) d7) 2 B BetPrl 42 S68

tonCO,,,, 0.29 tonAPi 71 B &S Bylon,
o2 MYET7} 188tonCO,, 0.1 tonAPS] wj&
e ol AEshAle] o A7 7] e WE

2 20~64tonAP2] W92 et on, 7t} 64
tonAPZ 7} 2o n]Zeks Bl on, oo 7kA
T= 44t0nAP4 Wl ZeFe woldh Abe] 98k A7
0)7] 2.9 WjZFE 0.75~2.62 tonAP2] WS 1wl
on, -:—-‘?d—rﬂ 7P B i EES 1ol

AR Az, gAFAE 9 ARy
A7k e i e i & 2
TE o] g3te] Al #AA HAHF Azt
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