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Figure 2. Major patterns of wood used as energy source
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Table 1. Gross calorific value by wood species

Species Gross calorific value(kcal/kg)
Douglas—fir 4580 ~ 5,030
Fir 4,440 ~ 4,650
Pine 4,780 ~ 6,790
Spruce 4500 ~ 4,700
Alder 4,300 ~ 4,440
Beech 4,500 ~ 4,870
Birch 4,650 ~ 5,190
Maple 4,180 ~ 4,670
Oak 1,390 ~ 5,280
Poplar 4120 ~ 5,350

* Source : Korea Institute of Fire Industry & Technology(2010)
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= Dehydration reaction
4+—>
= Water vapor comes out
from wood surface » Reactions under 200°C enter the inside of wood(200 ~ 280°7C)
= CO», formic acid, acetic
acid, etc. are formed < >

= CO, CH,, formaldehyde, formic acid, acetic acid,
methyl alcohol, and charcoal are formed.

(280 ~ 500C)

* Source : Korea Institute of Fire Industry & Technology(2010)

Figure 3. Combustion process of wood depending on combustion temperature
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Figure 4. Sources of Black Carbon emission
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T SHENE fEste B 245 JdF JEE ojxtslEt
2(CONE 7IF(EDL® sto AdiAozr yed s A2 3A] 5 (Global
Warming Potential, GWP)g}al st} <3 2>oA B &= upel o] CHy ¢ N.O9
GWP= 717} 21, 3100]9, B 27128 63002 eIt} o] Hd3 7]7F Hot &9
FhEo] CO; % CHy NO°l w3 dds & 24a4E Jegys ot

(Copenhagen Consensus Center,2009).

Table 2. Global Warming Potential of climate change causing materials

Materials | CO» | CHy | NoO | Dlack HECs PFCs SFs
Carbon
GWP 1 o1 | 310 | 680 | 140 ~ 11,700 | 6500 ~ 9,200 | 23.900

* GWP of GHGs : SAR
* GWP of BC : Copenhagen Consensus Center(2009)
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Figure 6. Schematic diagram of OC/EC analyzer
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Roden and Bond(2006)2] 7ol A= obgolol A EAdm A4Al A sk ECS
OCe] Wj&AF+E Z+7F 15203 g/kg, 4.0+0.9 g/kgo. 2 A|AIsIH S| Li et al.(2009)
o] AFAe SEdR dAA BAEE OC9 BCY wiEATE 22 1.14+04
g/kg, 1.49£0.69 g/kg o & A A3kl At} T3 Bond and Sun(2005)¢] ol &= 3}
EURgA HAAR AAA BASE BCY wWEATE 0.7 g/kg =2 A A eFaL T

Table 3. OC/EC Emissions of oak combustion

Emission (Wt% of fine particle)
Wood Type Source
EC OoC
Oak 15.0 48.1 Schmidl et al.(2008)
White Oak 10.4+0.8 55.1£3.6 Fine et al.(2004)

Table 4. Black Carbon emission factors of wood stove

Emission Source Emission Factor(g/kg)
Source
Categories EC oC BC
Wood Burning
1.5+0.3 4.0+0.9 - Roden and Bond.(2006)

Cookstoves

Wood Stoves - 1.14£0.4 1.49£0.7 Li et al.(2009)

Wood Stoves - - 0.7 Bond and Sun.(2005)
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d) Measuring Exhaust gas

¢) Burning woods

Figure 11. Standard operating procedure of wood stove combustion
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H=6.09 %, N=6.51 %, S=7.44 %, 0=743 %)E A}&3lo] A=A S HAA g0,
2871719 AEFAE APE <38 13>9] YEUYT TEARY BadeEe
go 7259 %® YERal, FastaEe XA 7 6.07

%z BAFo] $48 AANS et

7241 %, MAA &

< L
AU
B
nO*'

%, MAA=7F 6.0

Table 5. Results of reproducibility test for Calorimeter

Time Mass of Standard(g) Gross Calorific Value(cal/g)
1 0.4952 6,341
2 0.5343 6,341
3 0.5413 6,342
Mean 6,341
SD 0.471
RSD(%) 0.007
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Figure 13. Results of reproducibility test for Elemental Analyzer
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Table 7. Combustion states by stove type and characteristics of wood fuel

Fuel Average Average Average
Stove Type Tuee Combustion concentration of concentration of
yb Temperature(C) 02(%) CO(ppm)
Wood
(Oak) A’ 99 19.6 968
. I Wood
Fireplace (Oak) B 191 135 1,240
Wood
(Oak) C 272 18.1 1,112
Small Wood
Wood Stove? | (Oak) A 283 7.07 1,259

* Combustion Conditions are different : In Fireplace-Dry Wood Fuel test, combustion air was

supplied just bmin.
}Volume of Fireplace is 0.288m> '
*Volume of Small Wood Stove is 0.138m’
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Table 8. Concentration of PMjy by stove type and characteristics of wood fuel

Concentration | Emission Factor Averagg ‘Ayerage
Stove Fuel Concentration | Emission Factor
No. of PMio of PMio
Type Type (mg/m) (g-PM/kg-Oak) of PMo of PMio
(mg/m°) (g-PM/kg—-0ak)
1 91.78 415
Wood
" 2 93.69 4.01 98.23 441
(Oak) A
3 109.22 5.06
1 56.51 1.64
Fireplace | c\;\; E())dB 2 102.60 2,93 78.40 227
3 76.09 2.23
1 4741 1.44
Wood
2 41.84 1.18 49.26 1.46
(Oak) C
3 58.53 1.77
1 200.59 0.82
Small
Wood Wood 1, 156.97 1.08 195.08 1.10
St (Oak) A
ove
3 227.67 1.40

* Combustion Conditions are different :

supplied just 5min.

In Fireplace-Dry Wood Fuel test, combustion air was
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Table 9. Concentration of Black Carbon by stove type and characteristics of wood fuel

Stove Type Fuel Type No. Concer(f;zt};%)‘)f BC Avefaggcc?gjfr;z?ﬁm of
1 22.35
Wood (Oak) A" 2 21.31 22.45
3 23.69
1 14.89
Fireplace Wood (Oak) B 2 12.95 12.67
3 10.17
1 10.11
Wood (Oak) C 2 11.26 9.99
3 8.59
1 51.29
Small Wood (Oak) A | 2 32.67 44.26
Wood Stove
3 48.82

* Combustion Conditions are different :
supplied just 5min.

In Fireplace-Dry Wood Fuel test, combustion air was
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Table 10. Concentration of OC/EC by stove type and characteristics of wood fuel

Stove Fuel Concentration Concentration Concentration
Tvoe T No. | of TC(EC+OC) of OC of EC OC : EC
b ype (ug/cm?) (ug/cm?) (ug/cm®)
1 1005.4 706.92 298.48 73
Wood
" 2 846.16 543.41 302.75 6:4
(Oak) A
3 961.32 636.88 324.44 73
1 748.64 341.92 406.72 55
Fireplace (gzli()’dB 9 377.09 178.69 198.40 55
3 349.98 160.27 189.71 55
1 606.77 292.29 314.48 55
Wood
2 546.32 232.83 313.49 4:6
(Oak) C
3 439.41 186.75 252.66 4:6
1 1312.14 1010.67 301.47 8:2
Small
Wood Wood |, 749.42 354.44 39498 55
St (Oak) A
ove
3 1119.84 622.73 49711 6:4

* Combustion Conditions are different : In Fireplace-Dry Wood Fuel test, combustion air was

supplied just bmin.
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Table 11. Black Carbon/PMjy Concentration rate(w/w2s)

] Fuel Average PMlo Average BC BC/PMyo
Stove Type Concentration Concentration . - o
Type 3 3 Concentration ratio(%)
(mg/m”) (mg/m”)
Wood
* 98.23 22.45 22.85
(Oak) A
Fireplace ((\)zg)’dB 78.40 12.67 16.16
Wood
49.26 9.99 20.28
(Oak) C
Small Wood
Wood Stove | (Oak) A 195.08 44.26 22.69

* Combustion Conditions are different : In Fireplace-Dry Wood Fuel test, combustion air was
supplied just bmin.

g
SAAE AE A4t AF B £ WAl E 02
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Table 12. Emission factors of Black Carbon by stove type and characteristics of wood fuel

Emission Factor of BC Average Emission Factor of BC
Stove Type | Fuel Type | No. (g-BC/kg—-Oak) (g-BC/kg-0ak)
1 1.01
Wood
N 2 0.91 1.01
(Oak) A’
3 1.10
1 0.43
Fireplace | g; i‘)’dB 2 0.37 0.37
3 0.30
1 0.31
Wood
2 0.32 0.29
(Oak) C
3 0.26
1 0.21
Small Wood
Wood Stove (Oak) A 2 0.22 0.25
3 0.30

* Combustion Conditions are different : In Fireplace-Dry Wood Fuel test, combustion air was
supplied just bmin.

H AFoA A E EYIE MEAT T 2GR dig EYIE MEATE
Li et al.(2009)¢] Wood Stove HiZE7Al5 <d7tol MA@ A3 g3 vlulste] <
18>l ANA 8T Li et al.(2009)¢] & 7HE wiE Al vk A3 2 A+t 4
#7F Li et al.(2009)¢] Aol A|A € wE Al Bt of 8
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ABSTRACT

A Study on the Characteristics of Black Carbon

Emission from Wood Stove

Yi, Chi Yeong
Cooperate Course for Climate Change
The Graduate School

Sejong University

As ‘climate change’ has become a worldwide issue, the level of interest in
substances that are attributable for inducing climate change has been growing.
Although ‘greenhouse gases’ such as COs, CHs, N2O, etc. are known as the source
substances that induce climate change, as a result of the recent studies, black
carbon has been mentioned often as one of the substances that affect climate
change along with the greenhouse gasses. Black carbon occurs due to an
incomplete combustion of biomasses such as fossil fuel and wood and biological
combustion occurring in places such as direct-fired restaurants, charcoal kilns,
wood stoves, waste open burning, etc. Even though black carbon stays in the

atmosphere for a shorter period of time than CO», its global warming potential
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(GWP) is 680 times higher than that of CO.. This indicates that, during a given
time period, black carbon exerts much stronger greenhouse effects than
greenhouse gasses.

In this study, in order to investigate the emission characteristics of black
carbon caused by the use of wood stoves, combustion experiments were conducted
on 2 types of wood stoves and 3 types of wood fuels. The moisture contents of the
3 wood fuels with different dryness were measured in accordance with the KS
Standards. The combustion experiment chamber was fabricated by making
reference to consideration the US EPA Method 5G, and particulate matter
collection was collected according to the particle measurement method of the
Standard Methods for Examination of Air. Depending on the wood stove types and
wood fuel types, 3 experiments for each of the types, i.e., a total of 12 experiments,
were conducted.

As a result of moisture content measurements, the moisture content of the
wood fuel A was seen to be 15.16 %, the moisture content of the wood fuel B
61.08 96, and the moisture content of the wood fuel C was seen to be 79.48 %. In
the case of fine particle emission concentration, under the same conditions, the fine
particle emission concentration of the wood fuel B was shown to be 78.40 mg/m?’,
wood fuel C was shown to be 49.26 mg/mg. The emission factor of fine particles
showed a similar trend as the concentration of fine particles, and the emission
factor of fine particles of wood fuel B was seen to be 2.27 g-PM/kg-Oak and for
the wood fuel C it was 1.46 g-PM/kg—-Oak.

The concentration of Black Carbon also showed a similar tendency as the trend
of concentration of fine particles, and the concentration of black carbon for the

wood fuel B and wood fuel C, which underwent combustion experiments under the
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same conditions, showed 12.67 mg/m’ and 9.99 mg/m’, respectively; and the
emission factors of black carbon were 0.37 g-BC/kg-Oak and 0.29 g-BC/kg-Oak,
respectively, thereby showing a similar trend as the particle concentration. As for
the concentration of black carbon, the wood fuel B was seen to be about 37 %
higher than the wood fuel C; and as for the concentration ratio of black carbon for
fine particles, the wood fuel C was seen to be about 20 %6 higher than the wood
fuel B.

Black carbon generated from wood stoves was seen to change in accordance
with the moisture content of fuel during the initial stage of combustion rather than
according to the temperature and the amount of combustion air during combustion.
In order to examine more closely the emission characteristics of black carbon that
occurs due to the moisture content, it is deemed that combustion process in a
wood stove needs to be derived based on a preliminary combustion experiment and
the particulate matter collection and the analysis for the derived combustion
process would need to be performed. In addition, by setting a wider range of
combustion conditions, it is deemed that a combustion method that generates the

least amount of black carbon would need to be prepared and the combustion

method-specific black carbon emission factors should be calculated and presented.
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