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ABSTRACT

This study was carried out simulating domestic utilization conditions of a wood pellet stove and a wood pellet
boiler in order to determine emission factors (EFs) of macro-pollutants, i.e., carbon monoxide, nitrogen oxides, sulfur
oxides, ammonia, particulate matters (total suspended particulate, PMip, PM,5, black carbon) and trace pollutants
(i.e., ten different volatile organic compounds). The composite pollutants EFs for the pellet stove were: for TSP 4.58
g/kg, for PMy, 3.35 g/kg, for PM,5 2.48 g/kg, CO 119.23 g/kg, NO 14.40 g/kg, SO, 0.17 g/kg, TVOC 37.73 g/kg, NH;
0.02 g/kg and emissions were similar to the pellet boiler appliance: for TSP 4.73 g/kg, for PMy, 3.41 g/kg, for PMy5
2.63 g/kg, CO 161.51 g/kg, NO 13.67 g/kg, SO, 0.19 g/kg, TVOC 45.22 g/kg, NH; 0.02 g/kg.

Key words : Pellet Stove, Pellet Boiler, Biomass Burning, Black Carbon, Emission Factor

1.8 2 o} o] Mg AToll e BEA Aae] HA| wiEwdol st

o AZHE iw}" quck durd oz AEAG dae FHEg

AJEA] Aax(biomass burning)i= QI7HEHE Ei= ZFAE/I |7} o] FoiX|A] 7] wiEe] B¢ A4t REEHA] o

oJate] AA|(biomass)’t A4dl= AL Qulatd, Y HE  7|edEHC] o wiEEL, tolgAl 59 fefEEe] FA

o] Ao} AME 52 *"‘!ﬂ(vegetatlonH AXE Eehch A 2] o WS 7hsAdo] om, A TN WSk 9Tt W

THOE oF 90%2] AEA At A7 oA FFAHA 4 7] whizoll Aol sl g 7| e HEA2 AxtelAl AR

A ZHS = Qlok. IS ?%OM B3 RIS = A=A Hor QEE 7IXA Hek

B4 dARE FUAE B AYEVE 5 A7 UR 25l d2 9 Bes 5 d8le 5 AuE ARSkaL 9l

52 QR Al ofgo] = %‘%l Li, 7] Z—@—TLOL £ A oH, ALH dE HHoR AMgHLE o] EX s

=
. ol A7 Aol T dAl o] A, ARAeIA B o
A2 HET w opel, omm;, Ak OHISHIAE 5 o, Tela EAIRAT BEEA o Aelo] A cjete
SANAE e el ATeysie] Fad Udlo] B & Ak Alasilch SEARTEQ013)E BApEEo)

EO
N
ﬂ;
o
_\;
>.
o
;1
=
N
1o

' Corresponding author : mincheon@chol.com
Received December 30, 2014 / Revised February 16, 2015(1st), March 12, 2015(2nd) / Accepted March 24, 2015



29| WEERE setstad o)
A 7V Bz 0z gol Bt o W3 U2 1 walee)
e

3l U2 9 By ARt At e AR o] 85
o] 4% Ay}, A= A =2 AR 46,735t o]H, #
g 2 ARz 11116t = Yepgth E3 A8 ¢& 9
By ARSALE o g A ARzt 2 dE] JE ]
g 1Y Hat A= ARG 12.8 kg/day(95% Al=|<tol| +
10.7% QxPH9 o, 3l B 1Y Hit A= A
32.5 kg/day(95% AlZ|<=zto)| £31.8% APHS)NZ VRt 2
Sl dE 9 wolzo] It Azt Hit A= AR g A}
SH|go] th27] wjFol Y AREH|IES 83| AEStE e
o, 717} 1,831.5 ke/yr, 4,505.6 kg/yr2 LFERGTH

h L
W3 T D B ARG A ARk iEIAe]
T oQEAE 275l Sito] Ztzte] Sl At
A R R P

3
24 > g 0 AF - v RG] 0B FUs)

AV LFE=EE F 3N S5 A=A A (stack
sampler)E ©]-85F0] A7} o] 4 & HX|(Total Suspended
Particle; TSP), PMi, PMy s Z12F 2j213lsich. A3 420o]
+ TSP &4, PM;, Cyclone Kit, PM,5 Cyclone KitE Z}Z} %
Asigick. ARG o UEF o J(ADVANTEC 85R)
9} 1% o14](Whatman QMA 47 mm)7} AMEE|9on, FeFs
=2 245517] 18] plolaE AY(1x10 mg BN Age}
Aot WA YAERE = JEBEA7](Grimm aerosol technik,
German)E ARg-5to] Z753Ich

Journal of Climate Change Research 2015, Vol. 6, No. 1

2 USY - | - Mo

Table 1. Wood pellet consumption by stove and boiler
appliances

Pellet-stove Pellet-boiler
Month

(kg/day) (kg/yr) (%)  (kg/day) (kg/yr) (%)

Jan. 12.8 3953  16.2 325 1,007.5 218
Feb. 11.8 3303  16.2 28.5 7983 19.1

Mar. 8.2 255.0 123 19.5 604.1 13.1
Apr. 1.6 48.1 6.0 9.1 273.7 6.1
May. 0.7 21.8 3.8 1.1 329 0.7
Jun. 0.2 6.1 1.0 0.0 0.3 0.0
Jul. 0.1 2.1 0.3 0.0 0.3 0.0
Aug. 0.3 8.6 0.8 0.0 0.3 0.0
Sep. 0.9 28.1 39 0.1 32 0.1
Oct. 4.1 126.3 9.5 10.0 311.5 6.7
Nov. 8.3 248.0 13.6 17.1 5115 114

Dec. 11.7 361.7 16.2 31.0 961.9  20.8

Total 60.6 1,831.5 100.0 148.9  4,505.6 100.0

Table 2. Description of the tested appliances

Item Burning Number of Fuel
duration  experimental runs input
Pellet stove 30 min 6 2 kg/run
Pellet boiler 30 min 6 2 kg/run

L o

(a) Pellet stove

(b) Pellet boiler

Fig. 1. The tested commercial scale stove and boiler.
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Table 3. Analytical methods for stove and boiler appliances
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Emission pollutant

Analysis equipment

TSP
Particulate matters PMio, PMys

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

Table 4. Characteristics of the tested wood pellet

Moisture content Caloric value

Elementary composition(%)

Sample
P (W/w%) (kcal/kg) C H N S Others
Pellet stove 10.5
4,580.7 52.48 5.82 0.06 ND 41.65
Pellet boiler 13.2
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Table 5. Particulate emissions from stove and boiler appliances
Concentration (mg/m”) Emission factor (g/kg)
Sample
TSP PMio PM, s TSP PMy PM, s
Pellet stove 451.96 315.67 233.97 4.58 3.35 2.48
Pellet boiler 33.47 24.45 18.65 4.73 3.41 2.63
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Fig. 2. Particle size distribution of emission.
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Table 6. Ratios of PMyg and PM,s to TSP from stove
and boiler appliances

Particle size distribution (PM/TSP)"

Sample
TSP PM; PM; 5
Pellet stove 1.000+0.00 0.698+0.06 0.518+0.02
Pellet boiler 1.000+0.00 0.731+0.09 0.557+0.04

) Calculated based on the measurement of mass concentration.
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Table 7. Emission factors of gaseous pollutants from
stove and boiler appliances

Emission factor (g/kg)

Sample
CO NO SOx TVOC NH;
Pellet stove 119.23 14.40 0.17 37.73 0.02
Pellet boiler 161.51 13.67 1.19 45.22 0.02
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Table 8. Emission factors of volatile organic compounds from stove and boiler appliances

Emission factor (g/kg)

Item Benzene Toluene Chloro-  Ethyl- Xvlene ™0 Stvlene 1,3-Dichloro 1,4-Dichloro 1,2-Dichloro
benzene benzene Y Xylene 4 -benzene -benzene -benzene
Pellet stove 1.86 1.72 1.62 1.46 1.38 1.44 2.12 2.66 3.36 3.72
Pellet boiler  3.11 1.16 0.77 0.84 0.43 0.34 0.28 0.41 0.33 0.41
3.4 SUIFIE HIEAT Table 10. Summary of emission factors of macropollu-
_ _ _ tants (unit : g/kg)
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Table 9. Emission of black carbon from stove and boiler
appliances

" Reference : U.S. EPA(2001), EIIP, Residential Wood Com-

bustion.
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Fig. 3. Summary of emission factors of macropollutants.
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