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ABSTRACT

Twenty scarlet oak (12) and black oak (8) trees were analyzed to determine the
effect of age, specific gravity, size and height on the heat energy output. The two
species had the same specific gravity and the same heat energy content, However,
the effect of diameter, height, age and specific gravity on heal energy did vary
hetween the twao species.

INTRODUCTION

Wood is among the oldest sources of energy known to man, being used for over
500,000 years (Sharpe, 1976). The single largest usc of wood in the world is for fuel.
The less industrialized countries utilize between 70 to 95 percent of their annual
harvest of roundwood for energy (Chow, 19773, Fifty percent of all wood harvested
internationally is used for fuel (Karchesy and Koch, 1979).

According to Smith and Dowd (1981) approximately 14 percent of the world’s
heat energy consumption comes from wood, whereas only two percent of the United
States’ total cnergy requirements is supplied by wood, However, for the past ten
years, an increasingly large number of Americans have been using wood energy in
their homes as an alternative or a supplement to oil, gas or electricity. In 1973,
there was approximately 200,000 wood stoves in use in the United States (Smith
and Dowd, 1981). By 1978, however, there were approximately 5 million house-
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holds with a working wood stove and approximately 18 million households with
a working fireplace. An estimated 7.5 million cords of fuelwood were consumed
in 1976 compared to 10 to 20 million cords in 1979 (Wood Energy Institute, 1979},
These fuelwood consumption figures can be contrasted to the 1979 domestic round-
wood produetion of 152 million cords.

Because of this increasing demand, some forest landowners are considering
emphasizing fuelwood production by favoring those tree species with the greatest
energy output, Therefore, the objective of this study was to determine the effect of
a tree’s age, specific gravity, size and height on the energy cutput. Energy output
was expressed in terms of BTU per pound of oven-dry weight. Two common fuel-
wood species, scarlet oak and black oak, in southern Illinois were chosen for study.

MATERIALS AND METHODS

The sample trees (12 scarlet oaks and 8 black oaks) were collected from a half-
acre of a native central hardwood stand located in the Shawnee National Forest,
Ilineis (Njiti, 1984}. The diameter at breast height (d.b.h.) of the trees ranged from
1.7 to 9.0 inches and the height ranged from 17 to 53 feet.

After the trees were cut, sample disks were taken at stump height, at breast
height, and at 1” and 0.5" diameter outside bark (Figure 1), Disks were also cut
at every 2-inch diameter interval, Distances from the ground level to each disk were
recorded. There were 65 disks from scarlet cak and 52 from black oak trees.

Laboratory analysis included determination of specific gravity by the water dis-
placement method and age determination by counting the number of rings from
pith to bark. Each disk was chipped separately with a band saw and sampled chips
were ground to powder size smaller than 0.5 mm.

After the samples were oven-dried, they were pressed into pellets of approxi-
mately 1.0 gram using a press. The pellet formation was necessary to avoid the pow-
der from being blown about during combustion. The combustion process was carried
out within an adiabatic oxygen bomb calorimeter charged with thirty atmospheres
pressure of oxvgen.

An initial temperature in the calorimeter was recorded when five consecutive
readings of the bucket and jacket temperatures were the same. Then the bomb was
fired to ignite the charge. During this temperature rising period, heat transfer from
the bucket to the jacket was prevented by admitting hot water into the jacket. The
final temperature reading was recorded after there was no inerease in the tempera-
ture readings. The heat energy of a sample was calculated as follows:

Tx W-N-F

Hg = ———227% » 18
M
Where
Hg = Gross heat of combustion in Btu/lb.
T = Temperature rise, or final temperature minus initial temperature
in °F.
W = Energy equivalent of calorimeter, 1363 cal./°F.
N = Correction in heat of formation of nitric acid.
F = Correction for heat of combusion of Platinum fuse wire.
M = Mass of sample in grams
1.8 = Conversion factor from cal/gr. to Btu/lb.
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RESULTS AND DISCUSSION

Comparison Between Mean Btu Values

There was no statistically significant difference between the mean Blu for scar-
let oak (8,337) and for black oak (8,334). These findings were partially due to the
lack of difference in the average specific gravity in scarlet oak {0.61) and black oak
(.62). The similarity of specific gravity in two species can be interpreted as similaz-
ity in i) the size of cell, ii} the thickness of cell walls, and iii} the extractive content
of wood. Since these factors influence Btu output, wood with similar specific gravity
would have simijlar Btu values.

Comparison Between Btu Models

Although there was no significant difference in mean Btu between the two spe-
cies, the models of Btu were different:

Scarlet nak. The combined effects of diameter, age, specific gravity, and height
on Btu were significant and the R? was 18 percent. When each of the variables was
tested for the effects of their partial contribution to Btu, the effect of diameter was
significant while age, specific gravity, and height had no significant effects. The
simple regression analysis also produced similar results except that the effect of
diameter was significant not only at the .05 level but also the .01 level. There was
no significant interaction effects.

Black Oak. The full mode! of the independent variables had a significant effect
on Btu; R® was 19 percent. For partial contribution to Btu, the effect of age was
significant (.01 level} and the effect of height was also significant. However, in the
simple regression test, the effects of both age and height were non-significant. The
interaction test showed that diameter, age, specific gravity, and height did not have
any significant interaction effects between them.

Comparison of Disk Location

On bath species, there was significant difference between Btu measurements
on disks located at stump and at d.b.h. However, the direction of differences was
not the same for the two species. In scarlet oak, the stump disk had a higher heat
energy (38 Btu) than the d.b.h. disk. But in black oak, the d.b.h. disk had a higher
heat energy (118 Btu} than the stump disk.

Disks with 1/2 inches diameter had higher Btu than disks at stump for bath
species. The half-inch disks also had higher Btu than one-inch disks and d.b.h. disks
in scarlet oak but not in black oak (Table 1).

Disks with 1/2 inches diameter should contain more juvenile wood than mature
wood, while the reverse would be true for the stump disks. Qur study agreed with
the previous study in sycamore that juvenile wood yielded a greater heat value than
mature wood (Chow, et. al. 1980}.
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CONCLUSION

‘The objective of this study was to determine the effect of a tree’s age, specific
gravity, size, and height on the heat energy output. Twenty trees (12 scarlet oaks
and 8 black oaks) located within the Shawnee National Forest in southern Illinois
were analyzed. The major conclusions were:

1. Scarlet oak and black oak generally have the same specific gravity {0.61)
and the same heat energy conicnt (8,336 Btu). Wood with similar specific
gravity should have similar heat value.

2. Although the mean specific gravity and the mean heat value are similar in
the two species, the effect of diameter, height, age and specific gravity of
each sample on its heat value may vary from species to spocies.

3. Because the heat value of wood varies with the position of the sample taken,
the trend is not linear from sturnp to branches. Furthermore, the position
effect may varv among species. Therefore, samples from a fixed position may
not provide a valid comparison between species. Whole tree sampling would
be more suitable for heat value study.
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Table 1.Comparison of the Btu Contents from the Base to the Top of the Tree
by Species.

Level of
Diameter Contrast T-Value Significance
a. Black oak
Stump vs. d.b.h. 4.15 .01
Stump vs. 1 inch L.75 non-significant
Stump vs. 1/2 inch 2.28 .05
d.b.k. vs. 1 inch 1.72 non-significant
d.b.h, vs. 1/2 inch 0.89 non-significant
One inch vs. 1/2 inch 0.87 non-significant
b. Scarlet oak
Stump vs. d.b.h. 1.52 .03
Stump vs. 1 inch 0.77 non-significant
Stump vs. 1/2 inch 2.02 03
d.b.h. vs. 1 inch 0.37 non-significant
d.b.h. vs. 1/2 inch 3.70 01
One inch vs. 1/2 inch 3.81 01

Fig. 1. $chematic of Sample Disk Layout for a Nine-inch Tree,

Midway Points
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D; = stump diameter
D = disk location; subscripts stand for disk diameter

in inches
X = total height of tree
H = height between sample disks

| = length of truncated cone; subscripts denote
cone number



