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Estimation of the Heating Value of Major Broad-Leaved Trees
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ABSTRACT : Heating value is the one of most important factor in energy use of the woods. This study was investigated for

determining the heating value according to the moisture content level(%) of major broad-leaved tree in Korea. Heating value was

decreased rapidly regardless the kinds of species (Liriodendron tulipifera, Alnus japonica, and Quercus mongolica) and parts of

woods (wood part, and bark) as the moisture content (MC) was increased. In addition, bark had higher heating value than wood

part. Liriodendron tulipifera showed the highest heating value among the other two species.
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Fig. 1. Calorimeter(ECO isothermal bomb calorimeter, CAL2K).
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Fig. 3. Estimate heating value by MC.
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Fig. 4. Actual heating value by MC.
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Fig. 5. Estimate heating value by MC.
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Table 1. Analysis of variance for heating value (a=0.05).
Source Pr>F
MC(d.b., %) 0 20 40 60 80 100 120 140
Species <.0001 0.0006 0.4809 0.0146 0.0019 0.0001 <.0001 <.0001
part <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Species*part 0.0741 <.0001 0.0063 0.0002 <.0001 0.0003 <.0001 0.0002
Table 2. Differences of the heating value by parts in same moisture content in Liriodendron tulipifera.
Heating values(kcal/kg)
part M.C(d.b., %) 0 20 40 60
woody part 4635.7 A 3483.0 A 3360.0 A 31273 A
bark 4927.3 B 4230.0 B 35923 B 3213.0 A
part M.C(d.b., %) 30 100 120 140
woody part 2778.7 A 2225.7 A 1995.0 A 1713.3 A
bark 2841.7 A 25453 B 2297.7 B 1948.0 B

*Same letter are not significantly different by Duncan's multiple range test (a=0.05)
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Table 3. Differences of the heating value by parts in same moisture content in Alnus japonica.

Heating values(kcal/kg)

part

M.C(d.b., %) 0 20 40 60
woody part 4401.3 A 3761.3 A 3451.0 A 3013.0 A
bark 4807.3 B 4017.0 B 3510.7 B 3098.0 B

part M.C(d.b., %) 80 100 120 140
woody part 2731.7 A 2510.7 A 2205.3 A 1966.7 A
bark 2841.7 B 2646.0 B 2417.3 B 1977.7 A

*Same letter are not significantly different by Duncan's multiple range test (a=0.05)

Table 4. Differences of the heating value by parts in same moisture content in Quercus mongolica.

Heating values(kcal/kg)
part M.C(d.b., %) 0 20 40 60
woody part 4496.3 A 3814.0 A 3305.3 A 2900.0 A
bark 4908.0 B 4159.7 B 3588.7 B 3328.7 B
part M.C(d.b., %) 80 100 120 140
woody part 2493.7 A 2258.7 A 2017.3 A
bark 2921.0 B 2740.7 B 2498.0 B

* Same letter are not significantly different by Duncan's multiple range test (a=0.05)

Table 5. Differences of the heating value by species in same moisture content in woody part.

Heating values(kcal/kg)

speetes M.C(d.b., %) 0 20 40 60
Alnus japonica 4401.3 B 3761.3 A 3451.0 A 3013.0 B
Liriodendron tulipifera 4635.7 A 3483.0 B 3360.0 B 31273 A
Quercus mongolica 4496.3 B 3814.0 A 3305.3 B 2900.0 C

species M.C(d.b., %) 80 100 120 140
Alnus japonica 2731.7 B 2510.7 B 2205.3 B 1966.7 A
Liriodendron tulipifera 2778.7 B 2225.7 A 1995.0 A 1713.0 B

Quercus mongolica 2493.7 A 2258.7 A 2017.3 A

* Same letter are not significantly different by Duncan's multiple range test (P=0.05)
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Table 6. Differences of the heating value by species in same moisture content in bark.

Heating values(kcal/kg)

species M.C(d.b., %) 0 20 40 60
Alnus japonica 4807.3 B 4017.0 C 3510.7 A 3098.0 B
Liriodendron tulipifera 49723 A 4230.0 A 35923 A 3213.0 AB
Quercus mongolica 4908.0 A 4159.7 B 3588.7 A 3328.7 A

species M.C(d.b., %) 80 100 120 140
Alnus japonica 2841.7 B 2646.0 B 2417.3 B 1977.7 A
Liriodendron tulipifera 2841.7 B 25453 C 2297.7 C 1948.0 A

Quercus mongolica 2921.0 A 2740.7 A 2498.0 A

* Same letter are not significantly different by Duncan's multiple range test (P=0.05)
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