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ABSTRACT

Manually fed firewood burning appliances, i.e., stove and boiler, were tested in order to determine emission factors
(EFs) of macro-pollutants, i.e., carbon monoxide, nitrogen oxides, sulfur oxides, ammonia, particulate matters (total
suspended particulate, PMjo, PM,5, black carbon) and trace pollutants (i.e., ten different volatile organic compounds).
The composite pollutants EFs for the wood stove were: for TSP 15.45 g/kg, for PMye 6.53 g/kg, PM,s 4.16 g/kg,
CO 175.49 g/kg, NO 1.58 g/kg, SO2 0.15 g/kg, TVOC 48.02 g/kg, NH; 0.02 g/kg and emissions were similar to the
wood boiler appliance: for TSP 12.23 g/kg, for PMyo 5.84 g/kg, PMas 3.66 g/kg, CO 146.74 g/kg, NO 1.42 g/kg, SO,
0.15 g/kg, TVOC 47.78 g/kg, NH; 0.01 g/kg.
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Table 1. Firewood consumption by stove and boiler appli-
ances

Wood-stove Wood-boiler

Month
(kg/day) (kg/yr) (%)  (kg/day) (kg/yr) (%)
Jan. 14.9 462.8 21.0 313 970.8 218
Feb. 13.8 386.7 195 27.5 769.2  19.1
Mar. 9.6 298.6  13.6 18.8 582.1 13.1
Apr. 1.9 56.4 2.6 8.8 263.7 6.1
May. 0.8 25.6 1.2 1.0 317 0.7
Jun. 0.2 7.2 0.3 0.0 0.3 0.0
Jul. 0.1 2.5 0.1 0.0 0.3 0.0
Aug. 0.3 10.1 0.5 0.0 0.3 0.0
Sep. 1.1 329 1.5 0.1 3.1 0.1
Oct. 4.8 147.9 6.7 9.7 300.2 6.7
Nov. 9.7 2903 13.6 16.4 4929 114
Dec. 13.7 4234 193 29.9 9269 20.8
Total 709 2,144.2 100.0 1435 43415 100.0

Table 2. Description of the tested appliances

Burning Number of Fuel
Item . . .
duration  experimental runs input
Wood stove 70 min 6 10 kg/run
Wood boiler 70 min 6 10 kg/run

(a) Wood stove

(b) Wood boiler

Fig. 1. The tested commercial scale stove and boiler.
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Table 3. Analytical methods of stove and boiler appliances
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= Z}7} 413 mg/m’, 175 mg/nt’, 111 mg/m’2 Vet om, 3
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Emission pollutant

Analytical method

TSP
Particulate matters PMyy, PM,5

Particle size distribution

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

Number concentration

Gaseous air pollutants SOx, NOx, CO, CO,, O,

Gas analyzer

TVOC FID
Hazardous air pollutants

VOCs GC-MS
Others Caloric value, moisture, elementary composition

Table 4. Characteristics of the tested firewood

Moisture content Caloric value

Elementary composition(%)

Sample

(Wiw%) (kcal/kg)

C H N S

Others

Wood 61.1 4,341.0

47.80 5.70 0.06 0.00

46.46

http: //www.ekscc.re.kr



52 MR - BT - 2T -

- Fep| - FHoft

Table 5. Particulate emissions from stove and boiler appliances

Concentration (mg/m’)

Emission factor (g/kg)

Sample
TSP PM; PM; s TSP PM;, PM, s
Wood stove 413 175 111 15.45 6.53 4.16
Wood boiler 424 202 127 12.23 5.84 3.66
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(a) Wood stove

Fig. 2. Particle size distribution of emission.
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Table 6. Ratio of PM4o and PM,5 to TSP from stove and
boiler appliances

Particle size distribution (PM/TSP)"

Sample
TSP PM; PM; 5
Wood stove 1.000 0.423 0.269
Wood boiler 1.000 0.477 0.299

Y Calculated based on the measurement of mass concentration.

Table 7. Emission factors of gaseous pollutants from
wood stove and boiler appliances

Emission factor (g/kg)

Sample
CO NO SOx  TVOC  NH;
Wood stove 175.49 1.58 0.15 48.02 0.02
Wood boiler 146.74 1.42 0.15 47.78 0.01

oleufjote] ool EEatal, Aariae] AFAIe] 4
S70] ek wEbA gl Eed daxEel €O, iy
of, "Wt gefea Sof WAE 7is/do] vl £rth(Khan
2009).

She g2 8 Bde(d2h e viE7ts § VOCs HiEAle=

g A senu -E-2SHUNG —A-BSEUES |
/A

——SSHUR S S SEUS SrEEUs ||

A
IR !
A

NIy

Mass Concentration({my/ m')
3

AN
S

o R A

"y
0.1 1 10 100
Particle diameter, dp{(um)

(b) Wood boiler

. s

10

jgﬁgj




3= H2et Y ARZ0l 2Bt 7 |QESE 227122 tiE Ed 53

Table 8. Emission factors of volatile organic compounds from wood stove and boiler appliances

Emission factor (g/kg)

Item Benzene Toluene Chloro- Ethyl- p-Xylene m,o- Stylene 1,3-Dichloro 1,4-Dichloro 1,2-Dichloro
benzene  benzene Xylene -benzene -benzene -benzene
Wood stove  4.10 2.97 0.30 0.31 0.24 1.36 0.96 1.13 1.37 1.19
Wood boiler  3.56 2.12 0.49 0.49 0.34 1.06 1.08 1.30 1.11 1.12
Table 83} Ztt. WS Bl 24 A, AR L AEA) A9 PMip
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Table 9. Emission of black carbon from wood stove and
boiler appliances

ocC EC TC PM; TC/PM
Item
g/kg %
Wood stove  1.01 0.67 1.68 6.71 25.0
Wood boiler 1.85 0.95 2.80 7.26 38.6

L HEHe 49, NOx, CO, VOC= ENP| HjEA R} &
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Table 10. Summary of emission factors of macropollutants
(unit : g/kg)

Item PM,, NOx SOx CcO

EIIP
(wood stove)

Wood stove 6.5 1.6 0.2
Wood boiler 5.8 14 0.2

VOC NH;

0.9 0.2 63.9 54 -

1755 48.0 0.02
146.7 40.0  0.01

(PM10, NOx, SOx)

(CO, VOC, NH3)

100
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Fig. 3. Summary of emission factors of macropollutants.
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