










Tests conducted on drying rate showed that the 
fibre saturation point for the four species (about 
28-30070) was reached after 8 days irrespective of the 
initial moisture content and that, thereafter, the 
drying rates were virtually identical. The sample 
pieces were, however, small and results would 
become very different as size increased. Therefore, 
when using wood as a fuel, the pieces should be as 
small as practicable to encourage rapid drying. They 
should also be protected from rain since smaller 
pieces will also increase in moisture content more 
rapidly if wetted. In the burning tests, moisture 
content was also shown to have an important effect 
on ignition. The tests of green wood and wood at 
30070 moisture content were abandoned because, 
under the standard ignition conditions adopted, 
none of the test species could be ignited at 30070 
moisture content except P. radiata. In practice, of 
course, virtually all species, no matter what their 
moisture content, can be ignited provided sufficient 
kindling is available. However, it would take much 
more time to get the fire started and a great deal of 
smoke would be generated. 

High basic (or air-dry) density is a useful criterion 
in predicting fuelwood properties. High-density 
wood yields more heat per unit volume and is, 
therefore, better in a practical sense for storage, 
handling and transport purposes. It may also reduce 
the time and cost of obtaining the wood. However, 
high-density wood is more difficult to ignite and, in 
the water boiling tests reported in this Chapter, took 
much longer to bring the water to the boiling point. 
On the other hand the same air-dry mass burned for 
much longer in high-density than in low-density 

wood and produced hot embers, so that for certain 
cooking requirements and for room heating these 
may be very desirable characteristics. 

Overall, the tests indicate that no one species has 
all the desirable fuelwood characteristics. If cooking 
must be done quickly, less dense species that burn 
quickly and consequently generate heat more rapidly 
may be preferred. On the other hand, cooking rates 
can also be varied by altering the piece size of a 
single fuelwood species. In this case, however, low­
density wood will not give the range of variation 
which high-density wood can provide. Where 
cooking must be done slowly dense species, which 
maintain a steady heat over a long period by 
producing quantities of hot embers, may be 
preferred. 

Finally, it should be emphasised that all the tests 
were carried out under conditions of uncontrolled 
combustion. Testing needs to be done under 
conditions of both uncontrolled and controlled 
combustion in order to elucidate the advantages to 
be derived from the latter. Where fuel wood 
plantations are planned for a particular population 
a sample of households could be supplied with 
several candidate species. The people could then be 
asked to rank them according to their preferences 
and to provide their answers in a standard 
questionnaire. 
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Chapter 17 

Fuelwood Evaluation Using a Simple Crib Test 

W.D. Gardner 

Abstract 
A simple crib test was developed to evaluate several fire performance properties of fuelwood. 

Twelve Australian-grown species were evaluated during three burning phases (ignition, flaming 
and ember) and for residual matter. Species have been ranked for each phase and assessments 
made for most desirable fuelwoods using up to two phases in combination. 

Introduction 

The scientific evaluation of tree species for fuelwood 
has been based traditionally upon a knowledge of 
their basic properties including basic density, ash 
content, carbon content and volatile matter content 
(Krilov et al. 1986). However, these basic properties 
should not be used alone or combined to predict the 
likely performance of tree species when they are used 
for fuelwoods, as no relationships have been 
established between basic properties and fuel wood 
performance. Indeed, the value of a tree species as 
a fuel wood may be dependent upon the manner in 
which it is used (e.g. in an open fire, conventional 
stove, slow combustion stove, etc.). It is therefore 
important that a test be developed for wood that 
will determine the fire performance properties 
relevant to a specific fuelwood utilisation. 

A simple crib test has been developed to determine 
several fire performance properties of wood that are 
relevant to fuelwood being used in an open-fire 
situation. The aim of the experiment is to examine 
the fuelwood properties derived from the crib test 
for a select range of Australian-grown timbers. It is 
felt that the crib test has special relevance to people 
in developing countries. 

Materials and Methods 

Sample Preparation 
Twelve hardwood and one softwood timber 

species were tested (Table 1). Test pieces, 85 x 12 x 
12 mm, were sawn by band-saw from air-dried 
boards of each species. The test pieces were 
conditioned to equilibrium moisture content in an 
atmosphere of 20± 2°C and 65 ± 5070 relative 
humidity before testing. 

Determination of Air-Dry Density 
The air-dry densities of the test materials were 

determined when equilibrium moisture content had 
been achieved in the conditioning atmosphere. The 
equilibrium moisture content (determined by oven 
drying at 102°C) and air-dry density data are given 
in Table I. 

Crib Construction 
Cribs were constructed from test pieces of all 

species. Cribs are an ordered arrangement of cross­
piled pieces of wood. For this study 24 test pieces 
were used in each crib. Each crib contained 6 rows 
of 4 test pieces. The cribs were built on two 
10 x 10 x 85 mm steel runners in a 65 x 85 x 5 
mm metal tray. The steel runners were used to 
ensure that the ignition fluid did not contact the test 
pieces in the crib. 

The cribs were built on the pan of a Mettler P2210 
balance. The balance was protected from the heat 
generated during the test by two separated layers of 
5 mm insulating mill board. A metal beaker 
containing 2 I of tap water at ambient temperature 
was placed 105 mm above the top surface of the crib 
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Table 1. Common and scientific names, nature, air-dry density and moisture content (oven-dry at 102°C) 
of tested timber species. 

Species 

Nature 
(hardwood = H; 
softwood = S) 

Air-dry 
densiti 
(kg/m) 

Moisture 
content 

(0/0 mass/mass) 

Blackbutt (Eucalyptus pilularis) 
Broad-leaved tea-tree (Melaleuca quinquenervia) 
Brush box (Lophostemon confertus) 
Forest oak (Allocasuarina torulosa) 
Grey iron bark (E. paniculata) 
Northern wattle (Acacia crassicarpa) 
Parinari (Parinari nonda) 
Radiata pine (Pin us radiata) 
Red iron bark (E. sideroxyolon) 
Spotted gum (E. maculata) 
Swamp oak (c. glauca) 
Sydney blue gum (E. saligna) 
Turpentine (Syncarpia glomulifera) 

Fig 1. A carefully constructed crib for controlled fuel wood 
tests is built over a tray containing ethanol and a weighing 
balance. The balance is protected by two separated layers 
of insulated miIlboard and the test performed in a draught ­
free environment. P hotograph courtesy of the Forestry 
Commission of New Sout h Wales. 

H 
H 
H 
H 
H 
H 
H 
S 
H 
H 
H 
H 
H 

799 
753 
776 
832 

1099 
604 
816 
565 

1063 
1040 
895 
911 
985 

12.1 
9.4 

11.4 
11.4 
11.7 
9.3 
9.9 

10.4 
11.9 
10.0 
12.0 
12.4 
12.4 

to simulate the influence of a suspended cooking 
utensil that would normally be used with an open 
fire, on the burning performance of the crib. The 
assembled test is shown in Fig. I. 

The ignition fluid was introduced into the metal 
tray by pipette. The ignition fluid was ethanol and 
initially 20 ml was used. Subsequently the tests were 
repeated using 10 m!. The cribs were tested in 
duplicate with 20 ml of ethanol and singly with 10 
ml of ethanol. 

Test Observations 
The balance reading was recorded at I-min 

intervals after the fluid was ignited. The test was 
terminated at 60 min or after constant weight was 
recorded for three consecutive I-min intervals, 
whichever occurred first. The cribs always collapsed 
between the time they stopped flaming and the time 
the test was terminated. When the cribs collapsed 
the residual material was piled in the metal tray to 
cover approximately the same areas as the original 
crib. Supplementary observations were made during 
the test, including the time at which the crib ignited, 
time at which flaming of the crib ceased and the 
time at which the crib collapsed . 

Assessment of Fire Performance Properties 
The following parameters were used to determine 

fire performance properties: 

(a) Ease of Ignition 

The ease of ignition was determined by whether 
the crib ignited and sus ta ined combustion with 
either 10 or 20 ml o f ethanol (Table 2). It is class ified 
into three classes : 

172 



Table 2. Ease of ignition of test cribs. 

Ignition fluid (ethanol) 

Species tOml 20ml 

Blackbutt 
Broad-leaved tea-tree 
Brush box 
Forest oak 
Grey iron bark 
Northern wattle 
Parinari 
Radiata pine 
Red ironbark 
Spotted gum 
Swamp oak 
Sydney blue gum 
Turpentine 

Ignition 
Not tested 
Ignition 
Not tested 
No ignition 
Ignition 
Ignition 
Ignition 
No ignition 
No ignition 
Ignition 
No ignition 
No ignition 

Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
Ignition 
No ignition 

Class I - easiest to ignite (ignited with 10 ml of 
ethanol); Class 2 - moderate ease of ignition 
(ignited with 20 ml of ethanol but not 10 ml); and 
Class 3 - most difficult to ignite (could not be 
ignited with 20 ml of ethanol). 

(b) Percentages of Cribs Consumed in the 
l'Iaming Mode 

The percentages of the cribs consumed in the 
flaming mode were calculated on an oven-dried 
(OD) crib mass basis to remove the variation that 
would result from testing cribs at different moisture 
contents. The following formula was used: 

OD weight of crib consumed 
= OD weight of original crib - weight 
remaining when flaming ceased 

OJo weight of crib consumed 
= OD weight of crib consumed OJo 

OD weight of original crib 

(c) Percentages of Cribs Consumed in the 
Ember Mode 

The percentage (mass/mass) of the cribs 
consumed in the ember mode is the difference 
between 1000J0 and the sum of the percentage of the 
cribs consumed in the flaming mode and the 
percentage remaining as residual matter. 

(d) Percentages of Residual Matter After 
Combustion of the Crib 

At the termination of each test the percentage 
(mass/ mass) o f residual matter was calculated . The 
calculations were based on the oven-dried weight of 
the crib . The residual matter was a combination of 
inorganic and unburnt organic materials. 
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(e) Maximum Consumption Rates of Cribs 

The maximum weight loss over any 3-min interval 
was determined for each crib. The 1 min average of 
that 3 min weight loss was the maximum 
consumption rate for the crib. 

(f) Data Analyses 

The data obtained for percentages of cribs 
consumed in the flaming mode, percentages of cribs 
consumed in the ember mode, percentage of residual 
matter after combustion of cribs and maximum 
consumption rates of cribs were analysed using 
Duncan's multiple range test. 

Results 

Ease of Ignition 
Results are given in Table 2. There were 

insufficient samples of the broad-leaved tea-tree and 
forest oak to determine whether ignition could be 
achieved with 10 ml of ignition fluid. Of the 13 
species tested, turpentine was the only one that was 
not ignited with 20 ml of ethanol. Of the 11 species 
that were tested with 10 ml of ignition fluid only six 
achieved ignition. The species can be assigned to 
three classes according to their ease of ignition: 
Class / - easiest to ignite: black butt, brush box, 
northern wattle, parinari, radiata pine, swamp oak; 
Class /1- moderate ease of ignition: broad-leaved 
tea-tree, forest oak, grey ironbark, red ironbark, 
spotted gum and Sydney blue gum; Class /1/- most 
difficult to ignite (could not be ignited with 20 ml 
of ethanol): turpentine. 

The species listed in Class I are in the air-dry 
density range of 565-895 kg/m), while those in Class 
11, with the exception of broad-leaved tea-tree and 
forest oak, are in the range of 911-1099 kg/m). It 
is probable that broad-leaved tea-tree and forest oak 
would have been assigned to Class I had they been 
tested as their densities are 753 and 832 kg/m) 
respectively (i.e. they are in the density range of the 
species assigned to Class I for ease of ignition). 

Percentages of Cribs Consumed in the 
Flaming Mode 

The percentages (mass/mass) of the cribs 
consumed in the flaming mode are given in Table 3. 
The data were generated for duplicate tests with 
20 ml of ignition fluid for all species. When crib 
combustion was achieved with 10 ml of ignition 
fluid the data for the percentage consumed in the 
flaming mode were analysed with that for the 20 ml 
ignition fluid tests . 

The data were analysed using Duncan 's Multiple 
Range Test to determine whether the means were 
significan tly di ffe rent at the 5OJo level of 



significance. The means were found to be in three 
significantly different groups: 

Group I 
Broad-leaved 

tea-tree 
Radiata pine 

Group 11 
Parinari 
Northern 

wattle 
Forest oak 
Swamp oak 
Brush box 
Sydney blue 

gum 
Spotted gum 
Grey iron bark 

Group III 
Red ironbark 
Blackbutt 

The test species are arranged above in deceasing 
order of percentages of the cribs consumed in the 
flaming mode. Thus significantly greater 
percentages of the species in Group I were consumed 
in the flaming mode than those listed in Group 11 
or Group Ill. 

Percentages of Cribs Consumed in the Ember 
Mode 

The data are given in Table 3. When Duncan's 
Multiple Range Test is applied, the means can be 
placed into three groups that are different at the 5% 
level of significance. 

Group I 
Brush box 

Group 11 
Parinari 
Swamp oak 
Spotted gum 
Grey ironbark 
Red iron bark 
Northern wattle 
Broad-leaved 

tea-tree 
B1ackbutt 

Group III 
Forest oak 

Radiata pine 
Sydney blue gum 

The species are arranged above in decreasing 
order of percentage consumed in the ember mode. 
Thus a greater percentage of the brush box cribs 
were consumed in the ember mode than those in 
Group 11 or Group Ill. 

Percentage of Residual Matter After 
Combustion of Cribs 

The data for the test cribs are given in Table 3. 
When the data were analysed using Duncan's 
Multiple Range Test it was found the means could 
be placed in three groups that were significantly 
different at the 5OJo level of significance. 

Group I 
Forest oak 
Sydney blue 

gum 
Blackbutt 

Group 11 
Red ironbark 
Grey iron bark 
Spotted gum 
Radiata pine 
Northern wattle 
Broad-leaved 

tea-tree 
Swamp oak 

Group III 
Parinari 
Brush box 

The species are arranged in decreasing order of 
residual matter from Group I to Group Ill. Thus 
significantly greater quantities of residual matter 
remained after combustion of cribs made from the 
species in Group I than those in Group 11 and 
Group Ill. 

Maximum Consumption Rates of Cribs 
The data for the maximum consumption rates of 

the cribs are given in Table 4. Analysis of the data 
using Duncan's MUltiple Range Test indicates that 

Table 3. Percentages of cribs (mass/mass) consumed in the flaming and ember modes and the percentages of residual 
matter after combustion of the cribs. 

Crib consumed 

Flaming Ember Residual matter 

Species Range Mean Range Mean Range Mean 

Blackbutt 75.3-77.3 76.1 11.1-15.1 13.7 9.1-11.6 10.1 
Broad-leaved tea-tree 81.4-84.7 83.1 13.9-14.3 14.1 1.0-4.7 2.9 
Brush box 77.6-79.1 78.5 20.2-21.9 21.0 0.5-0.7 0.6 
Forest oak 78.3-82.8 80.6 6.0-10.4 8.2 11.2-11.3 11.3 
Grey iron bark 76.5-78.3 77.4 14.0-15.0 14.5 6.7-9.5 8.1 
Northern wattle 79.0-84.3 81.0 8.5-17.4 14.2 3.6-7.2 4.8 
Parinari 78.9-82.3 81.0 16.6-20.9 18.3 0.2-1.1 0.7 
Radiata pine 80.8-84.5 82.6 10.9-11.7 11.4 3.9-8.3 6.0 
Red iron bark 75.3-77 .0 76.2 14.3-14.5 14.4 8.5-10.4 9.5 
Spotted gum 77.7-77.9 77.8 14.0-17.7 15.9 4.6-8.1 6.4 
Swamp oak 78.2-80.2 79.5 17.9-18.4 18.1 1.0-4.7 2.4 
Sydney blue gum 74.8-80.9 77.9 5.7-16.9 11.3 8.3-13.4 10.9 
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Table 4. Maximum rate of consumption of cribs. 

Species 

Blackbutt 
Broad-leaved tea-tree 
Brush box 
Forest oak 
Grey ironbark 
Northern wattle 
Parinari 
Radiata pine 
Red iron bark 
Spotted gum 
Swamp oak 
Sydney blue gum 

Maximum consumption rate 
(g/min) 

Range Mean 

26.7-35.0 30.6 
38.0-40.3 39.2 
24.7-41.7 33.0 
31.3-35.3 33.3 
26.3-30.3 28.3 
34.3-34.7 34.4 
36.3-40.7 38.4 
24.0-28.9 26.3 
22.3-26.3 24.3 
33.0-41.0 37.0 
28.3-42.7 36.6 
25.7-29.3 27.5 

the means can be placed in three groups that are 
different at the 5OJo level of significance. 

Group I 
Broad-leaved 

tea-tree 
Parinari 

Group 11 
Spotted gum 
Swamp oak 
Northern 

wattle 
Forest oak 
Brush box 
Blackbutt 
Grey ironbark 
Sydney blue 

gum 

Group III 
Radiata pine 
Red ironbark 

The species are arranged in decreasing order of 
maximum consumption rates in the above groups. 

Discussion 

The crib test data can be used to rank the relative 
values of timber species as fuelwoods. The ranking 
may be based upon one fire performance property 
or a combination of properties and may only be 
relevant to fuelwoods that are used in an open-fire 
situation with a suspended cooking utensil. 

The ease of ignition and the amount of residual 
matter remaining after combustion are the most 
important fire performance properties to be 
considered when efficient fuelwood utilisation is 
important. The energy required to ignite the 
fuelwood and maintain the early stages of 
combustion will not be available for heating or 
cooking and the unburnt organic materials in the 
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residual matter remaining after combustion will not 
have been converted to heat energy. Therefore, ideal 
fuel woods should ignite easily and produce very 
little residual matter. Cribs made from six of the 
test species - black butt, brush box, northern 
wattle, parinari, radiata pine and swamp oak -
achieved ignition with lO ml of ethanol and are 
preferable to those species that required 20 ml of 
ethanol to achieve ignition. The turpentine crib 
could not be ignited with 20 ml of ethanol and was 
the least suitable species for use as a fuelwood. Of 
the species that ignited with 10 ml of ethanol 
parinari and brush box produced significantly less 
residual matter than the other species. Blackbutt 
produced significantly greater amounts of residual 
matter than the other species that achieved ignition 
with lO ml of ethanol. Therefore, if ease of ignition 
and least residual matter remaining after 
combustion are to be the two critical fire 
performance properties, brush box and parinari 
were the best performers and turpentine the worst. 

If it is considered desirable to have fuelwoods that 
are largely consumed in the flaming mode, broad­
leaved tea-tree and radiata pine are the best 
performing species. If the desired fire performance 
is to have most of the crib consumed in the ember 
mode, brush box is the preferred species. 

If high energy production rates in the flaming 
mode are required to reduce the time available for 
heat losses from the cooking utensils, broad-leaved 
tea tree and parinari are the preferred species. 

Thus the combinations of fire performance 
properties required will allow the most suitable 
timber species to be determined. 

An equally important aspect is the ability to 
identify timber species that would not be suitable 
for use as fuel woods. These would include those that 
are difficult to ignite and/or produce large 
quantities of residual matter. With these criteria, 
turpentine, forest oak, Sydney blue gum and 
blackbutt would not be suitable as fuelwood species. 

As stated earlier, the prediction of the fuelwood 
suitability of the timber species may vary if a 
different fire scenario was tested, or if the 
parameters of the reported crib test (e.g. test piece 
size, number in crib, arrangement of test pieces in 
crib, etc.) were changed. 

The crib test should be repeated using the same 
tree species and crib design but with varying 
conditions of insulation and air supply. This would 
allow the fuelwood value of the species to be 
determined when they were used in stoves, ovens 
and other cooking and heating appliances. 



Fuelwood testing unit developed by the Queensland Department of Forestry. Robyn Bell is 
shown with the test rig, consisting of a weighing balance, protective asbestos sheeting, a small 
drum to contain the fire and another small drum containing water inside the fire drum. The 
temperature of the water is monitored. Photograph courtesy of the Queensland Department 
of Forestry. 
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Chapter 18 

Drying and Burning Properties of the Wood of 
Some Australian Tree Species 

D.K. Gougb, R.E. Bell, P.A. Ryan and C.T. Bragg 

Abstract 
Material 2.5 years old, from 15 species established in trial plots in southeast Queensland, was 

sampled for drying and burning studies. For the drying studies, 0.6 m lengths were dried under 
cover and weighed periodically until their weight approached stability. Each of the species was 
then tested as a fuel in the burning studies, using standardised simulated cooking fires. 

Drying models were derived in which initial moisture content, basic density, piece diameter 
and a developed drying factor were included as variables. The drying factor was found to have 
the greatest influence on drying rate. Data are presented on the initial moisture content, green 
density, basic density and computed drying times to 24070 moisture content for each species. 

In each burning study, 800 g of air-dried fuel was burnt in a 20-1 fire bucket to heat 4 I of 
water. The rate of fuel consumption, rate of temperature rise of the water and the heat energy 
used by the water were obtained for each species. The burning trials revealed that all species 
tested should be acceptable as fuelwood. 

It was concluded that the emphasis in future studies should be on the drying behaviour of 
species rather than on the development of detailed quantitative information on burning 
properties. These properties are more appropriately described in terms of qualitative attributes 
such as the capacity of the wood to burn evenly, without smoke, crackling or sparking. 

Introduction 

An ideal domestic fuelwood burns slowly, 
producing long-lasting embers, without smouldering 
or emitting sparks or smoke. The best wood for 
domestic fuel is generally accepted as being dry, 
dead wood from mature trees of high-density 
species. However this type of wood is seldom 
available where fuelwood is scarce and has to be 
harvested from planted trees. In such situations the 
wood is likely to be from living trees, no more than 
a few years old, mostly sapwood, of high moisture 
content and small dimensions. Differences in ash 
content, volatile matter, carbon content and 
calorific value have been reported between species 
but these differences are usually relatively minor and 
of no real significance in fuelwood selection. While 
one important consideration in selecting species for 
fuelwood plantings is productivity, expressed as dry 
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weight yield of fuelwood per hectare per year, others 
include the drying rate of the wood and its burning 
properties when used in domestic cooking fires. 

These two properties, drying rate and burning 
properties, were evaluated for 15 Australian species 
included in the ACIAR species trials described by 
Ryan and Bell (Chapter 5). 

Materials and Methods 

Sample material for the study was obtained from 
2.5-year-old trees. A minimum of three trees per 
species was sampled and where more than one 
provenance was available, all provenances 
contributed to a species sample. Stems and branches 
were cut into pieces about 1.2 m long and replicates 
obtained over the range of piece diameter classes for 
each species. Pieces >25 mm diameter were sampled 



at mid-length for moisture content (expressed as a 
percentage of oven-dry weight) and green and basic 
density determination (bark included). Each half 
piece was numbered, weighed and the mid-point 
diameter measured . Twigs <25 mm diameter were 
bulked for each species and weighed. All material 
was stacked on bearers for drying under cover and 
protected from rain. Each piece was weighed at 
weekly intervals until no significant weight losses 
were recorded over two consecutive weeks. Weather 
was warm to hot initially and cool at completion; 
daytime humidity levels were generally 50-700/0 
(Table 1). 

Initial moisture content determinations, 
combined with the weekly weight data, were used to 
compute moisture contents over time for 325 pieces, 
25 mm or greater (the bulked twig material was 
excluded from the analysis). A simple, negative 
exponential, drying model was fitted to the moisture 
content data for each piece and the effect of species, 
piece thickness, initial moisture content and density 
on the drying model parameters was examined. 

Burning tests of a minimum of three replicates 
per species commenced once weight loss had 
stabilised. These were performed on clear days in a 
temporary laboratory which provided protection 
from wind, while maintaining good ventilation. 
Only one replicate per species was tested on any 
particular day. 

The burning test used was an adaptation from 
Krilov et aJ. (1986), in which mature wood samples 
were sawn to precise dimensions to obtain constant 
volume and were burnt under controlled conditions. 
This study sought to simulate the type of cooking 
fire that may be used where the test species are 
grown for firewood. The test material was constant 
in weight, covered a range of piece sizes and 
consisted of juvenile wood and bark. A further 
modification included measurement of the rate of 
heating of a standard volume of water (4 I). 

The test rig consisted of a fire bucket with a 
container holding the water suspended at a set height 
within the bucket, the whole rig being mounted on 
a 30-kg top-loading scale separated from the fire by 
several layers of fireproof material (Fig. 1). The 
container was fitted with a thermocouple to measure 
water temperature. 

Thermocouple wire 

Beam 

Steel rod 

1---- -++ 280 

-----:----T /' 4.5L,Container 

~~J/I 

1 ___ 20L Drum 

360 450 

Air holes ----;- -Jd Tin lid 'dish' 

<=:d=ii~~==~=~§kbbfor holding Fibre/ ~ ethanol 
cement 

Board ____ ."===*~=====~~== 

Electronic balance 

Fig. I. Test rig for fuelwood evaluation trials (all 
dimensions in millimetres). 

Table 1. Weather data for the period of the drying study. 

Air Temperature 
(0C) 

Mean Mean 
max min 

January 33.7 21.8 
February 30.4 20.2 
March 31.1 17.7 
April 26.1 16.5 
May 25.6 13.4 
June 22.0 11.6 
July 23.0 5.3 
August 23 .5 9.1 
September 26.0 9.7 

a Derived from 9 am, 3 pm readings. 

Wet 
days 

11 
15 
6 

15 
9 

17 
7 
9 
4 
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Relative humidity' 
(% ) 

Range Average 

35 to 90 
45 to 97 
31 to 100 
35 to lOO 
21 to 100 
31 to 98 
19 to 96 
21 to 99 
15 to 78 

62 
67 
60 
77 
71 
72 
64 
61 
50 



Test burns were carried out under ambient 
conditions although trials were not carried out when 
conditions were excessively dry, windy or humid . 
Initial water temperature, air temperature and 
relative humidity were measured, while samples of 
the test material were obtained across the range of 
diameter classes for moisture content 
determination. These uncontrolled variables were 
recorded prior to each burn to enable their effects 
to be tested in covariate analysis. Large-diameter 
material was split and crib-style fires were built by 
placing small pieces at the bottom, graduating to 
larger at the top. The weight of fuel used for each 
burn was 800 g. 

Each test was started by igniting 40 ml of ethanol 
placed in a shallow container at the base of the fire 
bucket. Weight loss (i.e. weight of fuel burnt) and 
water temperature were recorded at 30-sec intervals 
for the first 5 min and then every minute for 30 min. 
The time taken for the water to boil and the starting 
time of ignition, flaming and ember phases were 
recorded as well as qualitative observations such as 
spark emission, crackling, smokiness and evidence 
of unpleasant odours. At the end of the test the 
water container was reweighed to determine water 
loss . The residue was divided into ash and charcoal 
by passing through a 5 mm sieve and each 
component was weighed. 

The rate at which energy was used in heating the 
water in the container per unit of fuel consumed 
was derived by the equation: 

E= [(I00-/)*w*K +L*H]/W ... Eqn I 
where 
E = rate of energy use (kJ/g) 
I = initial temperature of the water (0C) 
w = initial weight of water (g) 
K = conversion factor (= 0.0042 kJ/cal) 
L = weight loss of water (g) 
H = latent heat of vaporisation of water 

(= 2.257 kJ/g) 
W = wood weight (g). 

It should be noted that this measure of energy 
specifies the energy used in heating the water for 30 
min and not the total heat energy released by the 
burning wood. 

Analysis of variance was used to test for 
differences between species. Least significant 
differences were derived for the time taken to boil 
the water and for the rate of energy use. 
Correlations between these variables and basic 
density were also determined . 

Results 

Drying Study 
It was considered that the drying behaviour of a 

fuelwood is of most significance in the region from 
green to 240'/0 moisture content. Drying to about 
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Fig. 2. Using values calculated from Eqn 4. (a) effect of 
variation of group intercept (G) on drying weight of wood; 
(b) effect of piece thickness (T) on drying rate of wood; 
(c) effect of initial moisture (Mo) content and basic density 
(D) on drying rate of wood; and (d) drying patterns of 60 
cm thick pieces of selected species. 
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24070 involves the removal of mostly free water and 
is relatively fast when compared with the rate of 
drying below this point (Fig. 2 a-d). Drying below 
about 24% takes progressively longer as it involves 
the removal of bound water. In practice there is little 
point in waiting the considerably extra time for 
progressively smaller degrees of drying, particularly 
since the gains in calorific value from additional 
drying are comparatively small (see Chapter 16). For 
this reason, only the data down to 24% were used 
to develop the drying model and in this region of 
drying, a simple, negative exponential, single 
parameter, drying model was considered 
appropriate. The model assumed that the moisture 
content of all pieces would eventually approach an 
equilibrium of 15%. In practice the final moisture 
content of such a large number of diverse species is 
spread around 15%, and censoring the data at 24% 
overcame problems associated with lack of fit, 
where the observed equilibrium departed from 15%. 
The drying model took the form: 

MI = (Mo-15)*ekl + 15 ... Eqn 2 
where 
MI = moisture content at time I 
Mo = initial moisture content 
k = constant 
, = time. 

The single parameter k in the above equation was 
estimated for each of the 325 drying model pieces. 
In genera l the drying model approximated the 
censored drying data well. Table 2 shows the 
distribution of r2 values and it also lists the means 
and range in the number of data units in each set , 
within r2 classes . 

Ini tial moisture content, basic density , reciprocal 
of piece thickness and species , were then examined 
as possible predictors for k using step-wise linear 
regression. All variables except initial moisture 
content were found to be significant. Initial 
moisture content alone was significant but not in 
the presence of the other variables. The predictive 
fu nction derived for k was of the following form: 

k = S,-1.243/ T + 0.000038 I * D .. . Eqn 3 
r2 = 0.80 

where 
Sj = the intercept for species i 
T = piece thickness (mm) 
D = basic density (kg/mJ). 

The intercept terms for various species were 
similar and species with similar terms were therefore 
grouped to simplify the presentation of results. 
Grouping was such that the Sjterms within a species 
group were not significantly different, while 
significant differences existed between the Sj terms 
for species in different groups. 

The final model embodied five species groups as 
shown in Appendix I and was of the following form: 

k = G j-1.243/T + 0.OOOO381*D 
r2 = 0.78 

where 
Gj = the intercept for species group i. 

... Eqn 4 

It is important to note that the ,.2 values in 
equations 3 and 4 do not relate to the full variation 
observed in the drying rate data but only to the 
variation in k values for each of the 325 censored 
drying curves. 

There was considerable variation in drying rate 
between species and the effects of differences in 
initial moisture content, basic density, piece 
thickness and the group intercept (G) on drying rates 
are illustrated in Fig. 2a-d, 3 and Table 3. 
Differences in the Sj or species grouped Gj terms 
reflect differences in the drying rate of species not 
explained by density and piece thickness. Factors 
such as pit aspiration and the nature and amount of 
extractive.~ are known to have a major influence on 
drying rates. Initial moisture content varied slightly 
wit hin species with a tendency to decrease with 
increasing piece size, exceptions being Acacia 
auricufijormis , A. pfeclocarpa, Casuarina cunning­
hamiana and Mefaleuca leucadendra. There was a 
slight tendency for basic density to increase with 
increasing piece size but this was variable also (see 
Appendix I for details). 

While the general form of the drying model is 
nonlinear, the log of MI-15 is linear in G, -IITand 
D. Thus increasingly longer drying times could be 
expected as all factors increase. The magnitude of 
G appears to have the greatest influence on drying 
rate. This can be illustrated by comparing drying 
times to 24% moisture content of Angophora 
cos/ala and M. leucadendra (Appendix I). It can be 
seen that for pieces of the same thickness 
and comparable initial moisture content, 
M. leucadendra takes much longer to dry than 

Table 2. Distribution of r2 values for equation 2 including the mean and range in the number of data units 
in each set, within r2 classes. 

Frequency 
Mean no. of data units per set 
Range in no. of data units per set 

<0.8 

5 
5.0 
3-8 

0.8-0.9 

180 

26 
6.3 

3-19 

0.9-0.95 

42 
8.5 

2-21 

0.95+ 
252 
8.3 

3-21 

Total 

325 
8.1 

2-21 



Table 3. Species tested in the drying and burning studies and average values for initial moisture content, 

~ 
'" ~ 
() 

density and group intercept. 

Average 
initial 

moisture 
content 

(0J0) 

Group 1 
1 Acacia aulacocarpa 68 
2 A. elata 84 

Group 2 
3 A. holosericea 83 
4 A. podalyriijolia 74 
5 A. saligna 90 
6 A. melanoxylon 75 
7 Angophora costala 164 

Group 3 
8 Acacia mangillm 130 
9 A. crassicarpa 117 

10 A. auriclIlijormis 119 
11 A. plectocarpa 72 
12 A. cincinnata 99 

Group 4 
13 A. leplocarpa 127 
14 Casuarina cllnninghamiana 132 

Group 5 
15 Melaleuca leucadendra 160 

A. costala, even though the basic density of the 
M. leucadendra is much lower than that of 
A. coslata. These differences increase in magnitude 
with increasing piece thickness. T hus variations in 
piece size, initial moisture content and basic density 
have relatively minor effects on the drying times of 
species having low values of G, but the effects are 
major for species with high values of G. 
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Fig. 3. Computed time to dry (from Eqn 4) to 24070 
moisture content by species as piece thickness varies. 
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Average Average 
green basic Value of 

density density group intercept 
(kg/m3) (kg/m3) G 

839 499 -0.04564 
834 455 

1003 548 -0.0327 
1015 581 
928 489 
837 479 

1110 412 

756 329 -0.02338 
1044 483 
843 404 

1040 604 
1012 508 

1032 462 -0.01752 
1160 501 

835 326 0.00007 

Burning Study 
Casuarinas make excellent fuelwood , being easy 

to split, burning slowly with a lot of heat but little 
smoke and leaving only a fine white ash 
(U .S. National Research Council 1984) . Among 
the casuarinas, Allocasuarina inophloia, A. llleh­
mannii and A . torlllosa were singled out by Swain 
(1928) as being outstanding as fuelwoods . The 
fuel wood properties of C. cunninghamiana were not 
commented on by Swain but it is also said to have 
excellent burning properties (Midgley et a1. 1983). 
These observations were based on the burning 
properties of mature wood; the properties of the 
juvenile wood (density in particular) are likely to be 
different to some extent. Nevertheless, because the 
C. cunninghamiana in the study was grown with the 
other species, it was used as a standard with which 
to compare and evaluate the performance of the 
other species. 

The acacias were noisy at ignition, crackling and 
emitting small sparks and fine ash during the 
flaming phase. Acacia podalyriijolia, A. elata and 
A. saligna produced the most airborne ash during 
this stage, whereas A. saligna and A. podalyriijolia 
were quite smoky initially. The burning bark of M. 
leucadendra produced an acrid sooty smoke though 
the wood burnt without smoke. All species burnt to 
ash with low levels of charcoal; C. clInninghamiana 



left the greatest amount of residue. Details of the 
characteristics recorded for each species are listed 
in Appendix 2. 

There were significant differences between species 
in the time for the water to start boiling and in the 
rate of energy use (Table 4). In the latter case, the 
value for C. cunninghamiana was generally low in 
comparison with the other species. However, 
differences were significant only for A. saligna and 
A. plectocarpa (higher) and A. cincinnata (lower). 
Similarly, water was slower to boil on the 
C. cunninghamiana fire in comparison with most 
other species and significantly slower than on 
the A. aulacocarpa, A. holosericea, A. plectocarpa 
and A. saligna fires. The effects of uncontrolled 
variables (initial water temperature, fuelwood 
moisture content, relative humidity and air 
temperature), were not significant in the covariate 
analysis. 

The fuel consumption curves for all species were 
similar (Fig. 4). This result is generally consistent 
with the results of Metz (I %3, cited in Shelton 1983) 
who reported that mass burning rate was 
independent of density over a wide range (from 
about 160 kg/m3 to about 1250 kg/m\ There was 
no correlation between basic density and any of the 
other measure parameters (Table 5). 

Table 4. Boiling test data and residue at completion 
of combustion for each of the species in the burning 
study. 

Rate of 
energy Boiling Residue 

utilisation time Ash Charcoal 
Species (kJ/g) (min) (070) (070) 

Acacia saligna 2.417 11.5 1.05 0.05 
A .plectocarpa 2.399 11.3 1.21 1.33 
Angophora coSlala 2.330 13.4 1.87 0 
Acacia mangium 2.307 12.3 1.12 0.16 
A.podalyriijolia 2.304 13.3 0.83 0.08 
A.auriculijormis 2.284 14.2 1.67 0 
A.holosericea 2.282 10.2 0.75 0 
A.aulacocarpa 2.281 10.7 0.81 0.37 
A.leptocarpa 2.210 16.3 1.08 0.12 
A.elala 2.200 12.3 0.83 0.12 
A. crassicarpa 2.178 12.7 0.81 0.06 
C.cunninghamiana 2.170 15.4 2.25 0.06 
A. melanoxylon 2.136 13.5 0.96 0.96 
M.leucadendra 2.096 13.0 1.7 0 
A. cincinnata 1.997 17.5 0.88 1.54 
AOV •• * n .a n.a 
LSD (P = 0.05) 0.170 3.6 

Significance of F in AOV: * <0.05; ** <0.01; n.a. 
= not analysed. 
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Fig. 4. Rate of fuel consumption (mean weight loss ± 95070 
confidence intervals) during combustion. 

Table S. Correlation matrix of basic density and 
burning parameters measured. 

Boil 
time 

Boil time 1.0000 
Energy capture -0.6326* 
Basic density -0.1369 

* Significant at P<0.05. 

Energy 
capture 

1.0000 
0.2145 

Discussion 

Basic 
density 

1.0000 

Green wood at 80% moisture content has only 
about 44% of the net heating value of the same 
weight of oven-dry wood. This rises to about 78070 
at 25% moisture content and 85% at 15070 moisture 
content (see Chapter 16). The calorific value of 
wood per se v:uies only slightly over a wide range 
of species (Harker et al. 1982; Shelton 1983). Thus 
moisture content, reflecting as it does the ratio of 
water to wood substance in a fuel, is the prime 
determinant of heat yield. Therefore the rate at 
which a species dries is an important factor in 
determining its utility for firewood. This is 
particularly the case where fuel wood resources are 
scarce and material may need to be burnt soon after 
harvesting. 

All the species tested in the burning study burnt 
well and should provide acceptable fuelwood where 
only heat production needs to be considered. This 
supports the contention of Shelton (1983) that the 
heat output does not depend critically on the kind 
of wood used. Providing a species burns reasonably 
well, fire behaviour itself may not be so important 
in determining acceptability, although smoke, 
odour, sparks and explosive combustion may be. 
While the information on burning characteristics 
(Appendix 2) shows some differences between 



species, undue emphasis should not be placed on 
these differences. However, the smoke and sparks 
produced by A. podalyriijolia and A. saligna, 
although relatively minor, may limit their use in' 
some situations, and in the case of M. leucadendra 
bark would need to be removed before burning. 
Bark could be retained on the other species since the 
calorific value of bark is slightly higher than wood, 
although the levels of ash are also higher (Ince 1977). 

Any study attempting to develop reliable 
quantitative information on the burning properties 
of wood is likely to be slow and of little practical 
value in evaluating the fuel wood potential of large 
numbers of species. Precise measurements of 
combustion, enabling meaningful comparisons 
between species, can be obtained only under highly 
controlled test conditions, and the relevance of such 
information is likely to be limited because of the 
necessarily artificial constraints imposed. While we 
attempted to overcome some of these constraints in 
our study, we do not consider this to be a 
satisfactory alternative method since: 
(a) testing was slow (five test burns per day 

maximum); 
(b) it was difficult to confine variation within 

reasonable limits; and 
(c) energy utilisation (2.24 kJ/g) was low (only 15070 

of the net calorific value of the wood of about 
14.9 kJ/g at 18070 moisture content), although 
this could be improved by redesigning the fire 
bucket for improved heating efficiency. 

While there is little variation in calorific values 
between species, there are some species which are 
nevertheless difficult to burn (e.g. Syncarpia hillii, 
S. glomulifera). Thus information on the 
combustibility of species is essential in evaluating 
fuelwood potential. Information on attributes such 
as spark emission and the amount and odour of 
smoke is also necessary in evaluation, although the 
level of importance attached to these characteristics 
may vary considerably depending on location, 
culture and fuel wood use. While these properties 
cannot be quantified simply, they can be described 
qualitatively. Unless efficient quantitative tests can 
be developed, the most effective way to screen a 
large array of species for their fuelwood potential 
may be by observation and comparative qualitative 

assessment of test fires. More rigorous quantitative 
testing of a limited number of species could be used 
to verify the information from qualitative tests. 

Provision of information on drying 
characteristics, however, is essential. Drying rate 
depends on initial moisture content, piece thickness 
and basic density and this relationship can be 
described by generalised models. However, drying 
rate also depends on less easily measured factors 
such as pit and lumen geometry and the presence of 
extractives and deposits. In this study these factors 
were expressed in terms of the group intercept G. 
Species-dependent parameters such as G will always 
need to be determined by experimentation. 
Accelerated drying tests under controlled conditions 
using standard piece sizes may be the quickest and 
simplest method for ranking species drying 
behaviour. Methodologies need to be developed and 
tested to ensure that any ran kings derived reflect the 
usual air-drying situation. Other factors such as 
piece size, length, temperature, humidity, removal 
of bark and splitting pieces prior to drying may 
affect the rate of drying and require study also. 

The emphasis in future work should be on 
defining the drying characteristics of potential 
fuelwood species. At this stage we see little value in 
developing detailed information on fire behaviour 
at least at species level, since the process is time 
consuming and yields little information of practical 
value. Such studies, however, may be worthwhile in 
describing the generalised fire behaviour of broad 
groups particularly where accepted good and poor 
fuelwood species are included as standards. Unless 
quick and efficient methods can be developed for 
providing quantitative data on burning properties 
of individual species, screening for fuelwood 
potential should be restricted to qualitative 
assessment of test fires. 
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Appendix 1 

Initial moisture content, basic density and computed time to reach 24% moisture content of sample material 
in the drying study. 

Initial A verage time 
Size class moisture to reach 

mid No. content Basic density 240/0 moisture 
diam of (%) (kg/m3) content 
(mm) pieces Mean Range Mean Range (days) 

Group I 
Acacia aulacocarpa <40 6 69 60-76 497 455-554 26 

40-60 14 68 60-72 498 453-547 34 
60-80 2 65 65-66 517 509-525 39 

>80 0 
Acacia elata <40 9 88 69-103 459 427-509 30 

40-60 11 84 76-87 445 429-471 38 
60-80 8 80 76-82 462 440-483 43 

>80 0 
Group 2 

Acacia holosericea <40 7 88 74-96 554 492-695 39 
40-60 10 80 74-86 543 478-695 54 
60-80 2 81 76-87 549 541-557 67 

>80 I 87 541 80 
Acacia podalyriijolia <40 6 77 75-78 556 539-601 36 

40-60 8 74 66-78 589 561-605 54 
60-80 2 68 66-69 603 601-605 65 

>80 I 67 634 78 
Acacia saligna <40 8 92 83-110 481 415-506 38 

40-60 8 92 83-99 466 437-506 54 
60-80 6 87 80-96 503 473-532 66 

>80 9 88 83-96 507 473-539 77 
Acacia melanoxylon <40 4 83 71-101 450 392-495 35 

40-60 5 74 72-78 471 458-485 47 
60-80 5 73 72-78 468 458-480 57 

>80 11 73 67-81 499 465-526 68 
Angophora costata <40 4 170 144-215 426 369-450 49 

40-60 7 168 139-197 393 373-440 67 
60-80 5 171 138-204 411 391-430 82 

>80 7 152 124-186 423 391-440 90 

Group 3 
Acacia mangium <40 5 135 115-152 284 249-347 48 

40-60 5 123 103-144 326 291-367 69 
60-80 8 137 \03-1 55 334 294-356 92 

>80 5 123 109-139 368 318-4 11 107 
Acacia crassicarpa <40 3 127 118-141 452 440-472 53 

40-60 6 11 4 102- 141 474 329-548 79 
60-80 2 118 1 I 1- 125 472 435- 508 105 

> 80 6 114 106- 124 510 464- 553 135 
Acacia auriculijormis <40 6 118 104- 129 41 1 321-473 50 

40-60 11 11 9 95-139 402 321 -473 74 
60-80 3 122 115- 132 388 357-4 19 94 

> 80 I 132 419 121 
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