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Emission Characteristics of Odor Compounds in
a Charcoal Production Kiln
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Abstract

Exhaust gas emitted as a result of the incomplete combustion of biomass in charcoal kilns includes odor

compounds as well as other air pollutants such as particulate matters, sulfur and nitrogen oxides, and carbon

monoxide. A number of offensive odor compounds affect quality of life. In this study, odor emissions were
investigated from biomass burning in a pilot-scale charcoal kiln and a commercial-scale kiln. Complex odor from
emission source reached up to 10,000 dilutions to threshold during the study period. Combustion fume was found

to contain reduced sulfur compounds, aldehydes, and volatile organic compounds. Hydrogen sulfide and methyl

mercaptan were the major odorants which highly contributed to the offensive odor.
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Table 1. Commercial-scale and pilot-scale charcoal kilns tested in this study.

Site (Identification) Kiln type Used oak weight (kg) Utilization
YC charcoal kiln (R1) Tradition 1,000 Sauna
HS charcoal kiln (R2) Tradition 10,500 ‘White wood charcoal & Sauna
Pilot charcoal kiln (P1) Tradition 5,000 ‘White wood charcoal & Sauna
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Fig. 1. Sampling sites of commercial-scale charcoal kilns.
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Table 2. Sampling and analytical methods in this study.

Compounds

Sampling method

Analytical instrument

Complex odor

Air bag sampler

Sensory test

NH; Ammonia

Solution absorption

UV/visible Spectrophotometer

Hydrogen sulfide
Methyl mercaptan
Dimethyl sulfide
Dimethyl disulfide

Sulfide
compounds

Airbag
sampler

GC/PFPD (Younglin) plus Thermal desorber

Acetaldehyde
Propionaldehyde
Butyraldehyde
Isovaleraldehyde
Valeraldehyde

Aldehydes

DNPH cartridge

Acme HPLC (Younglin)

Toluene

Xylene

Styrene

Methyl ethyl Ketone
Methyl isobutyl ketone
Butyl acetate

Isobutyl alcohol

VOCs

Tenex tube adsorption

HP-7850, HP-5975 plus Thermal desorber
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Table 3. Concentration of odorous compounds in commercial-scale kilns.
R1 kiln R2 kiln
Compounds T.V.2
1d® 1d 2d 4d
] C
Complex odor 10,000 10,000 10,000 10,000
(Emission source)
NH; (ppb) 100 100 100 100 100
Sulfur Hydrogen sulfide 0.5 238 4,577 27,054 23,242
compounds Methyl mercaptan 0.1 360 4,086 15,989 12,263
( p b) Dimethyl sulfide 0.1 147 1,621 7,057 3,900
PP Dimethyl disulfide 03 114 38.5 89 70.6
Acetaldehyde 2 4,854 21,999 13,823 16,462
) Propionaldehyde 2 613 5,698 5,896 5,997
Al‘(jehky);j“ Butyraldehyde 0.3 562 4,390 10,153 8,281
PP Isovaleraldehyde 0.7 556.5 3,117 9,375 7,190
Valeraldehyde 0.2 —d - - -
Toluene 900 998 4,858 109,872 47,941
Volatile Xylene *© 15.8 495 7616 1,635
oreanic Styrene 30 0.002 34.9 731 153
Comgounds Methyl ethyl Ketone 440 8,929 27,133 203,240 153,451
(p b) Methyl isobutyl ketone 200 0.004 0.004 0.004 0.004
PP Butyl acetate 8 0.003 0.003 0.003 0.003
Isobutyl alcohol 11 0.007 0.007 0.007 0.007

“Olfactory threshold value, which is referred from a publication issued by Ministry of Environment

®Carbonization time (day) to biomass burning in kilns

“Unit: dilution to threshold

Not available

“Threshold values for p-xylene, m-xylene, and o-xylene are 58, 41, and 380 ppb, respectively.

Commercial-scale kilns

10°
; 1 R1(SOQ=11,350)
10°1 - _,§5; BZZZZ R2_1st day (SOQ=99,368)
10* ‘§ 2§ 5SS R3_2nd day (SOQ=342,754)
10°4 N N BS858%8 R3_3rd day (SOQ=257,901)
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Fig. 2. Odor quotient at commercial-scale charcoal kilns: SOQ means Sum of odor quotient; odor compounds are
grouped into 4 groups; for nitrogen compounds, ammonia (N); for sulfur compounds, hydrogen sulfide (S1), methyl
mercaptan (S2), dimethyl sulfide (S3), and dimethyl disulfide (S4); for aldehyde compounds, acetaldehyde (A1), pro-
pionaldehyde (A2), butyraldehyde (A3), i-valeraldehyde (A4); for volatile organic compounds, toluene (V1), xylene
(V2), styrene (V3), methyl ethyl ketone (V4), methyl isobutyl ketone (V5), butylacetate (V6), i-butyl alcohol (V7).
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Table 4. Elementary composition of oak, charcoal, and tar
obtained from commercial-scale kilns.
(unit: weight%)

Sample N C S H

Oak 0.65 47.26 0.55 5.60
Charcoal 0.88 93.84 0.25 1.11
Tar 1.45 69.69 0.48 7.89
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Fig. 3. Moisture content of exhaust gas as a function of
carbonization time.

Table 5. Concentration of odor compounds from a pilot-scale kiln (unit: ppb)
Carbonization time (hr) 10 hr 18 hr 42 hr 66 hr 90 hr 114 hr 144 hr
_ Complex odor 10,000 10000 10000 10,000 10,000 10,000 10,000

(dilution to threshold)
Nitrogen Ammonia 660 1,310 1,520 2,110 1,530 2,820 1,140
compounds Trimethylamine 0 0 0 0 0 0 0
Hydrogen sulfide 3,576 26,145 21,422 3,073 25,123 21,389 3,587
Sulfide Methyl mercaptan 3,186 13,987 20,121 30,892 15,989 12,263 4,086
compounds Dimethyl sulfide 1,621 7,057 3,900 2,305 5,143 3,206 1,423
Dimethyl disulfide 47 101 112 167 103 89 42
Acetaldehyde 18,168 22,105 24,607 61,472 63,334 58,484 21,256
Aldehvde Propionaldehyde 4,203 6,420 6,416 16,707 18,384 18,745 19,011
com oans Butyraldehyde 3,091 6,736 7,228 12,413 13,573 17,837 19,359
P Isovaleraldehyde 2,456 5,785 3,749 12,195 14,026 18,122 25,957
Valeraldehyde 0 0 0 0 0 0 0
Toluene 4,875 109,889 47,958 47,958 37,958 27,958 17,958
Volatile organic Xylene 499 503 549 1,098 1,270 998 768
compounds Styrene 40 236 438 736 435 210 129
Methyl ethyl Ketone 26,521 103,257 193,468 203,257 195,468 93,468 77,468
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Fig. 4. Temporal variation in concentrations of sulfur com-
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tration, (b) composition of four sulfur, (c) odor con-
tribution based on odor quotient.
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