




































Chemical Composition of Wood 
Wood is mainly composed of three elements: 

carbon, hydrogen and oxygen. These are chemically 
combined and usually highly polymerised into two 
main groups of compounds: carbohydrates and 
phenolics. The former are cellulose and 
hemicelluloses, the latter are Iignins. 

Wood also contains substances known as 
extractives which are not part of the wood structure 
and which consist of a very large number of 
compounds of diverse chemical composition such 
as polyphenols, oils, fats, gums, resins, waxes and 
starch. These can be extracted from wood by various 
solvents such as water, methanol, ethanol, benzene, 
ether, acetone, sodium hydroxide and others 
without significantly affecting the wood structure. 

The amount and types of extractives vary widely 
between species, within species and within a single 
tree . They are invariably more abundant in 
heartwood than in sapwood and increase with age 
of the wood. They may affect the calorific value of 
the wood and its flammability, but the effect is 
unpredictable. They also contribute to its density. 

The calorific value of fuel wood is directly related 
to its elemental composition. Hence, ultimate 
analysis, i.e. quantitative estimation of each 
element, is a possible approach to fuel wood 
evaluation. Ultimate analysis of a number of species 
by Arola (1976) suggests that a 'typical hardwood' 
has less carbon and more oxygen than a typical 
softwood, and there will be variations within and 
between species and within the same tree (Table 4). 
The higher calorific values of softwoods are related 
to their oxygen content which is lower than in 
hardwoods. Oxygen is not a fuel; carbon and 
hydrogen are. 

Qualitative Tests 

The extractive content of some Eucalyptus species 
using four different solvents (Hillis 1962) is given in 
Table 3. Various solvents remove different 
extractive fractions and, in the case of NaOH, can 
remove part of the less resistant lignin and some of 
the carbohydrate (Smelstorius 1971). Although 
Smelstorius was investigating Pinus radiata, it 
would be prudent to anticipate a similar effect in 
other species. 

Wood-Burning Tests 
Qualitative wood properties are also important in 

Table 3. Extractives content of the heartwood of some Eucalyplus species (source Hillis 1962). 

Mean extractives content as UJo of initial 

Number 
oven-dry mass after extracting with: 

of Ethanol-
Species samples Hot waterb Ethanolb benzene, then 

hot waterC 

E. crebra 10 13.4" 13.5 
6.8-20.2 5.0-18 .6 

E. diversicolor I 7.6 
E. delega/ensis 6 4.0 4.3 

2.4-6.5 1.6-6.5 
E. marginala I 6.4 
E. microcorys I 17.5 
E. obliqua 20 14.3 15.1 

7.9-26.6 10.1-29.1 
E. paniculala 12 10.4 9.0 

7.6-17.5 5.6-17.9 
E. polyan/hemos I 25.2 
E. punc/ala 10 12.4 14.6 

9.3-16.1 10.3-17.7 
E. regnans 13 10.2 6.7 

4.8-15.3 1.3-16.5 
E. robus/a I 18.0 
E. sideroxylon 8 15.0 19.1 

10.2-19.0 12.8-23 .6 
E. sieberi 10 9.2 10.1 

2.6-15 .5 4.3-17.7 

" Mean values and range. 
b Continuous extraction for 24 hours. 
: Continuous extraction for 24 hours in ethanol-benzene (I :2) followed by hot water for 24 hours. 

2.5 g sample heated In 300 ml of NaOH for I hour. filtered. and washed with hot water. 

162 

O.S UJo NaOHd 

31.3 
25 .4-34 .3 

20.6 
16.9 

14.8-21.5 
32.4 
24.8 
26.6 

20.1-40.8 
22 .7 

18.7-26.2 
40.3 
29.6 

24 .5-33.3 
20.1 

12.9-29.8 
43.3 
34.0 

30.1-38.4 
23.7 

17.2 29.6 



Table 4. Ultimate analysis of some hard woods and 
soft woods (source Arola 1976). 

Hardwood 
Softwood 

Composition 070 

C H o N Ash" 

50.8 6.4 41.8 0.4 0.9 
52.9 6.3 39.7 0. 1 1.0 

a A small amount of ash remains after combustion made 
up of inorganic constituents such as calcium and 
magnesium. 

evaluating wood as a fuel. In this context 'wood­
burning tests' are a practical method of evaluating 
species . One major aim of such tests is to measure 
the 'thermal efficiency' of fuel wood species under 
comparable cooking conditions. Thermal efficiency 
is inversely correlated with the mass of wood 
consumed during a standard test; less wood is 
required for a species with high thermal efficiency 
than for one with low. 

Wood-burning tests may also evaluate a species 
in terms of the time required to complete a specific 
cooking task. 

The test criteria outlined before may then be 
combined with observations on such characteristics 
as ease of ignition and smoke, spark and soot 
production in order to obtain some kind of ranking 
according to what are perceived as desirable 
qualities. 

VITA (1982) describe three tests which can be 
used to assess fuel wood species : 

(I) Water boiling test: A fixed mass of water is 
boiled using a known mass of fuel wood under 
standardised conditions. Species can be assessed by 
comparing the amount of fuel consumed during the 
test and the time taken to boil the water. 

(2) Controlled cooking test: This test compares 
the fuel used and time spent in cooking an actual 
standardised meal (e.g. of rice) . The test can be 
extended to determine whether or not a species can 
adequately cook the range of typical meals 
consumed by a defined community. 

(3) Kitchen performance test: This test compares 
the wood consumed under normal household 
conditions within a community. It takes at least 5 
days recording in detail each family's consumption 
of wood. 

In addition to the VITA tests outlined above, a 
crib test was designed by Krilov et al. (1986) to 
evaluate the combustion characteristics of species. 
These are defined in three phases as follows (see also 
Fig. 2): 

(I) Ignition: The ease with which wood ignites is 
determined. In general, the shorter the ignition 
phase the better. 
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(2) Flaming : The wood is actually flaming and 
being consumed rapidly . The relative importance of 
this phase depends on requirements . If a slow 
cooking is required, then the shorter the flaming 
stage the better. However, if an open fire is the only 
source of light then species that produce a longer 
flaming phase may be more desirable. 

(3) Embers: This is the final combustion stage 
and generally produces the greatest proportion of 
usable heat energy under household conditions. For 
some heating purposes, species that produce the 
greatest quantity of persistent glowing embers may 
be most desirable. 

In the rest of this chapter, tests carried out on 
four Australian-grown species using traditional 
criteria of density, moisture content and drying rate, 
extractives content and calorific value are discussed. 
Then, using the same four species, evaluations are 
made of burning tests which incorporate some of 
the features of the VIT A tests and some of the 
Krilov crib test. 

Materials and Methods 

Sampling 
Four species growing in the Australian Capital 

Territory (ACT) were selected to cover a wide range 
of density, initial moisture content and extractive 
content, and because they were readily available. 
These were Eucalyptus melliodora (yellow box), 
E. blakelyi (Blakely's red gum), Acacia melanoxylon 
(Tasmanian black wood) and Pinus radiata (radiata 
pine). Only the first two would be regarded as good 
quality fuelwood in the ACT. 

Each species, except A. melanoxylon, was 
collected from four ACT forests: Kowen, Stromlo, 
Uriarra and Pierce's Creek. Acacia melanoxylon 
was only available from Uriarra and Pierce's Creek. 
From each site, test samples were collected from a 
single tree. The diameter at breast height over bark 
(dbhob) of all trees sampled is given in Table 5. The 
samples were as follows: (a) 5 cm thick disc at breast 
height; (b) 40 cm long billet taken from immediately 
above the disc . 

The samples were debarked, sealed in plastic bags 
and stored in a cold room at 4°C within 2 hours of 
felling to avoid moisture loss. The billets were 
subsequently radially sawn into quarters, each 
quarter sealed in a plastic bag and stored as above. 

Determination of Density and Moisture 
Content 

The procedure is as follows: (a) weigh each green 
disc to the nearest 0.1 g; (b) determine the green 
volume of each disc by displacement in distilled 
water using the method of Brown et al. (1952); and 




