
 

 

Australian secondary wood 
products and their markets 

 
Prepared for 

 
Forest & Wood Products Australia 

 
by 
 

Bruce Greaves and Barrie May 
 
 

April 2012 

  



 

Forest & Wood Products Australia Limited 
Level 4, 10-16 Queen St, Melbourne, Victoria, 3000 
T +61 3 9927 3200  F +61 3 9927 3288  
E info@fwpa.com.au   
W www.fwpa.com.au  

 

 

 

 

 
 
 

 
Publication: Australian secondary wood products and their 
markets 

 
© 2012 Forest & Wood Products Australia Limited. All rights reserved. 
 
Forest & Wood Products Australia Limited (FWPA) makes no warranties or assurances with 
respect to this publication including merchantability, fitness for purpose or otherwise. FWPA and 
all persons associated with it exclude all liability (including liability for negligence) in relation to 
any opinion, advice or information contained in this publication or for any consequences arising 
from the use of such opinion, advice or information. 
 
This work is copyright and protected under the Copyright Act 1968 (Cth). All material except the 
FWPA logo may be reproduced in whole or in part, provided that it is not sold or used for 
commercial benefit and its source (Forest & Wood Products Australia Limited) is acknowledged. 
Reproduction or copying for other purposes, which is strictly reserved only for the owner or 
licensee of copyright under the Copyright Act, is prohibited without the prior written consent of 
Forest & Wood Products Australia Limited. 

 
This work is supported by funding provided to FWPA by the Department of Agriculture, 
Fisheries and Forestry (DAFF). 

 
ISBN: 978-1-921763-50-2   

 
Prepared by: 
Bruce Greaves and Barrie May 
 
 

 
Report received by FWPA in April 2012 



TABLE OF CONTENTS 

Acknowledgement ...................................................................................................... 1 

EXECUTIVE SUMMARY ............................................................................................ 2 

INTRODUCTION ........................................................................................................ 4 

GLOSSARY ................................................................................................................ 5 

SIZE OF THE BIOMASS RESOURCE ....................................................................... 8 

Softwood plantation harvest residues...................................................................... 8 

Hardwood Plantation By-products ......................................................................... 11 

Native hardwood forest by-products ...................................................................... 13 

Softwood sawmill by-products ............................................................................... 14 

Hardwood sawmill by-products ............................................................................. 15 

Plywood and veneer mill by-products .................................................................... 18 

MDF and Particleboard mill by-products ............................................................... 20 

Pulplogs ................................................................................................................ 23 

Total Potential Wood By-products ......................................................................... 23 

Unavailable By-products and Residues ................................................................. 24 

Other potential Australian biomass resources ....................................................... 27 

GENERAL CONSIDERATIONS REGARDING BIOMASS UTILISATION ................ 29 

Potential benefits verses technological readiness ................................................. 29 

Greenhouse gas benefit of bioenergy ................................................................... 30 

POTENTIAL SECONDARY PRODUCTS AND THEIR MARKETS .......................... 33 

Wood-pellets ......................................................................................................... 33 

Process heat ......................................................................................................... 37 

Gasification ........................................................................................................... 41 

Electricity ............................................................................................................... 42 

Renewable Energy Certificates (RECs) ................................................................ 46 

Liquid fuels ............................................................................................................ 50 

Biorefinery for chemical feedstocks ....................................................................... 56 

Carbon Storage in Biomass .................................................................................. 58 

Biochar .................................................................................................................. 61 

Woodchips, pulp and paper ................................................................................... 64 

Other Products ...................................................................................................... 66 

CONCLUSION .......................................................................................................... 68 

Wood By-Product Availability and Opportunities ................................................... 68 

What is going to change in the future .................................................................... 69 

What will influence how by-products are used ...................................................... 70 

Appendix 1: Biomass Moisture and Energy Content ................................................ 71 

Appendix 2: Total Wood Production in Australia ....................................................... 73 



Appendix 3: By-products from Plantations and Native Forests ................................. 74 

Appendix 4: Sawmill By-products ............................................................................. 75 

Product Recoveries for Softwood and Hardwood sawmills ................................... 75 

Softwood Sawmill By-products .............................................................................. 76 

Hardwood Sawmill By-products ............................................................................ 76 

Appendix 5: Energy Use in Sawmills ........................................................................ 78 

Softwood Sawmills ................................................................................................ 78 

Hardwood Sawmills ............................................................................................... 78 

Appendix 6: Veneer and Plywood By-products and Energy use............................... 79 

Appendix 7: Particleboard and MDF By-products and Energy Use .......................... 81 

Appendix 8: Economics of Bioenergy Production ..................................................... 83 

Calculating Capital Cost of Bio-energy Production ................................................ 83 

Cost of Wood Pellet Production ............................................................................ 83 

Cost of Bio-electricity Production........................................................................... 84 

Appendix 9: Conversion Technologies and Costs .................................................... 87 

Commercialisation Status of Conversion Technologies ........................................ 87 

Pyrolysis and Torrefaction ..................................................................................... 87 

Conversion Costs for Electricity and Biofuel Production ........................................ 88 

Appendix 10: Australia’s Energy Resources ............................................................. 89 

Australia’s Biofuel Production Capacity ................................................................. 89 

Total Energy Resources and Production ............................................................... 89 

Potential Improvements in Energy Efficiency ........................................................ 91 

Appendix 11: Outlook for Global Energy Supplies .................................................... 92 

Global Oil Supply................................................................................................... 92 

Appendix 12: Future Carbon Prices .......................................................................... 94 

REFERENCES ......................................................................................................... 97 

 



   1 

 

Acknowledgement 
The authors wish to thank Peter Zed (Allied Timber Products) for assistance in 
estimations of biomass production and availability from forests and wood processing 
facilities.  They also would like to thanks John Raison (CSIRO), Ian Guss (DPI Vic) 
and Brendan George (DPI NSW) and David Gover (Gunns Timber Products) for their 
useful comments and suggestions for the report. 

 
  



   2 

 

EXECUTIVE SUMMARY 
The total biomass resource available for the manufacture of secondary products is 
estimated to be currently around 16 million cubic meters equivalent (m3e) and is 
expected to increase to 28 million m3e over the next 10-20 years.  This resource 
includes: 

 harvest residues from softwood and hardwood plantations (including stumps 
and some branches and bark); 

 sawmill chips, sawdust, dockings and bark not currently used for process heat 
requirements (i.e. kiln drying) or downstream processing by domestic pulp, 
paper or panel industries; and 

 all exported wood chips and residues from wood chip production (fines and 
bark). 

Additional harvest residues could be sourced from native forests.  However, for this 
report, it is assumed that these will be retained on site and not available for other 
uses.  Other by-products assumed to be unavailable include plantation harvest 
residues required to maintain site productivity (i.e. all foliage, roots and smaller 
branches) and material already used by domestic wood processing industries.  
However, availability may change over time depending on the relative value of the 
material for alternative uses. 

Estimated current production is based on volumes of logs harvested from plantations 
and native forests and production from wood processing facilities for 2008-09.  
Forecast future production is based on current production from native forests and the 
estimated sustainable yield from existing hardwood and softwood plantations 
assuming production rate of 16 m3/ha/y for softwood and 12 m3/ha/y for hardwood 
plantations.  If the total planted area expands in the future, total production of wood 
and total availability of by-products could be expected to be greater.  

The report proposes a number of different secondary products that could be 
produced from this resource.  These include: 

 wood pellets and briquettes,  

 heat production, 

 electricity, 

 combined heat and power, 

 biofuels including ethanol and syndiesel, 

 biochemicals 

 storage of carbon in biomass 

 agri-char 

 pulp and paper, 

 particleboard, MDF and wood plastic composites 

 landscaping products and animal bedding 

Specific opportunities include: 

 production of 12 million t/y wood pellets for export to meet expected increasing 
global demand,  
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 co-firing with coal in existing power stations to generate 17 GWh/y electricity 
(equivalent to 7% of current demand) and 45% of the required renewable 
energy credits required in 20201, 

 combined heat and power production in wood processing plants to supply all 
electricity and process heating needs, 

 production of 3,200 GL/y synthetic diesel (equivalent to 17% of Australia’s 
current diesel demand) through gasification and the Fischer-Tropsch process, 

 production of 4,500 GL/y bioethanol (equivalent to 15% of Australia’s current 
petrol consumption) using hydrolysis followed by fermentation and distillation, 
or 

 production of 4.7 Mt/y biochar for use in agriculture. 

The key for any option for wood by-products will be its economic, environmental and 
social sustainability.  In general, wood sourced from sustainably managed plantations 
and native forests has negligible carbon emissions and is considered renewable.  
However, various policy and economic factors will influence its ultimate use.  For 
example, electricity generated from wood sourced from native forests will be ineligible 
to receive Renewable Energy Certificates under proposed legislation.  However, a 
uniform carbon price will tend to improve the economic viability of using wood by-
products for heat and energy. 

 

  

                                            
1
 RECs (renewable energy credits) were split into LGCs (large scale renewable energy credits) and 

SGCs (small scale renewable energy credits) in July 2011.  The legislated number of LGCs required is 
41 MWh in 2020 compared with 10.4 MWh in 2010.  At this stage electricity produced from wood 
sourced from native forests is not eligible to receive LGCs. 
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INTRODUCTION 
Secondary wood products are by-products arising from the manufacture of primary 
wood products.  Primary wood products include: 

 sawn timber;  

 engineered wood products; and 

 fibre products such as pulp and paper, cardboard, reconstituted panels and 
boards.  

During forest harvesting and the processing of these higher-value products, a large 
amount of biomass (bark, wood chips, saw dust, shavings etc.) is produced. These 
secondary products include: 

 harvest residues from plantations and native forests including foliage, 
branches, bark, stumps and roots, 

 low value logs that are currently exported as woodchips, and 

 processing residues from sawmills, veneer mills and MDF plants including 
bark, woodchips, sawdust, shavings and offcuts. 

Effective and efficient use of this residual biomass is important for increasing the 
economic returns from Australia’s forests and wood products industries.   

Some by-products are already used to maintain site productivity or ecological health, 
while others are used in the manufacture of other wood products or for production of 
heat or electricity.  However, other material may be under-utilised, or may become 
available as a result of increased future production or rising demand for bioenergy 
and biofuel. 

Currently, there are a number of markets for secondary wood products. These 
include:  

 pulp, paper: green chips 

 panel products: dry chips and sawdust 

 animal bedding: dry chips and shavings 

 wood pellets for domestic fuel: dry chips and shavings 

 boiler-fuel for process heat and co-generation of heat and electricity: green 
and dry chips and sawdust 

 landscaping products: green sawdust and bark 

Future markets might also include high-value biofuels and chemical products.  

This report estimates the amount of secondary products that could be produced from 
forests and wood processing industries currently and in the future and the amount 
that could be potentially available for value adding.  It scopes a range of potential 
value-adding options and identifies the most promising opportunities.   
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GLOSSARY 
Basic Density: the oven dry mass of wood per unit volume.  The basic density of 
softwood is about 0.45 t/m3 while that for native hardwoods can range from 0.5-0.8 
t/m 

3 (avg. ~0.6 t/m3, Ilic et al. 2000).   

Carbon content: the amount of elemental carbon contained in a material.  The 
carbon content of biomass is around 50%. One cubic metre equivalent of biomass 
(either green or dry) contains around a quarter of a tonne of carbon.   

Carbon dioxide equivalent (CO2e): the amount of CO2 that would be produced if all 
the carbon contained in the wood was converted to CO2.   CO2 is 3.67 times heavier 
than carbon.  Thus, cubic meter equivalent of biomass contains around 0.92 tonnes 
of CO2e.  

Cubic metre equivalent (m3e): the amount of biomass with a dry mass (ODW) 
equivalent to that of a cubic metre of solid wood.  For wood with a basic density of 
0.5 t/m3, this is equal to around a tonne of green wood (50% moisture content) or 0.5 
t of oven-dry biomass.  In this report, the term cubic meter equivalent is used as a 
convenient means for comparing the biomass contained in different products and by-
products (e.g. logs, branches, foliage, woodchips, sawdust, shavings and bark).   

Current production: annual production of wood products and by-products based on 
harvest volumes and wood processing for 2008-09 financial year. 

Future production: annual production based on expected future harvest volumes 
from existing plantation estate and native forests available for wood production for 
the period 2020-2050. 

Higher Heat Value (HHV): the gross energy content (calorific value) of a material 
(i.e. the total amount of heat produced during combustion including that required to 
evaporate any water contained in the material or produced as a by-product of the 
combustion process).  The HHV of eucalypts is generally around 19 MJ/kg (ODW) 
while the HHV of softwood is around 21 MJ/kg (ODW).   

Lower Heat Value (LHV): the usable or net energy content of a material (i.e. the 
Higher Heat Value minus the heat required to evaporate any moisture produced).  
This includes: 

 moisture contained in the wood (1 kg of green wood at 50% MCw contains 0.5 
kg dry wood plus 0.5 kg water), and   

 moisture produced as a result of combustion of hydrogen contained in the 
wood (0.5 kg dry wood contains ~32 g hydrogen which is converted to ~0.29 
kg water). 

Thus, 1 kg green wood produces around 0.8 kg water when burnt.  This water 
requires around 3.8 MJ energy to evaporate.  Thus, the LHV of green softwood, 
expressed on an oven dry basis, is around 17.2 MJ/kg, while that for green hardwood 
is around 15.2 MJ/kg.  Expressed on a wet basis (see below), the LHV for green 
softwood is around 8.6 MJ/kg while the LHV of hardwood is around 7.6 MJ/kg. 

Moisture content (MC): the percentage of water contained in biomass.  This can be 
expressed either on a wet basis (MCw, relative to the weight of wood plus moisture) 
or a dry basis (MCd, relative to the oven dry mass of the wood).  The calculations for 
these two terms are as follows: 
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MCw = m/ (m + w) 

MCd = m/w  

where:  

m is the weight of water in the wood 

w is the oven dried weight of the wood 

Moisture content - green wood: Wood at, or near to, its field moisture content (i.e. 
green moisture content) at time of tree harvest.  Green moisture content is normally 
considered to be around 50% (on a wet weight equivalent). 

Moisture content - as received (AR): Biomass material at the moisture content as 
at time of delivery (i.e. not oven dried).  This term is usually used for semi-dried 
biomass (e.g. dry chips or sawdust which is usually around 15% MC on a wet weight 
basis).  In this report we use the subscript AR (e.g. kgAR) to show that amounts are 
expressed in terms of the mass of wood at as received moisture content. 

Oven Dried Weight (ODW):  Mass of wood at 0% moisture content sometimes 
termed Bone Dry Weight.  Weight, moisture content, and energy can be expressed in 
terms of green (or as delivered weight) or in terms of oven dried weight.  The 
subscript ODW (e.g. kgODW) is used to indicate that the amount is expressed in terms 
of the oven dried mass of wood. 

Renewable Energy is energy produced from renewable resources such as biomass, 
wind, water and the sun (i.e. not coal, oil or gas).  Bioenergy produced from wood 
and other biomass is considered renewable if the source of the biomass (i.e. forest or 
crop) is managed in an environmentally sustainable manner.  In this case, the carbon 
dioxide produced when the biomass is combusted is assumed to be sequestered by 
the growing trees and system is considered to be CO2 neutral with respect to the 
carbon in the wood. 

Renewable Energy Certificates are tradable certificates equal to 1 MWh electricity 
produced from eligible renewable sources.  Since January 2011 renewable energy 
certificates (RECs) have been split into Large-scale Generation Certificates (LGCs) 
for large power stations and Small-scale Technology Certificates (STCs) for rooftop 
solar panels, small renewable electricity generation, solar hot-water heaters and heat 
pumps.   Demand for both types of certificates is created by the requirement for liable 
entities (i.e. wholesale electricity retailers) to purchase and surrender a certain 
number of LGCs and STCs each year. 

Wood Energy Content: The absolute energy content of oven dry wood is its Higher 
Heat Value (HHV).  The HHV of softwood is around 21 GJ/t while that for eucalypts is 
around 19 GJ/t (Nuhez-Regueira et al., 1999).  The actual energy content of wood 
(lower heat value or LHV) includes the energy needed to evaporate moisture (~2.44 
GJ/L) held in the wood or produced as a result of combustion of hydrogen.  The LHV 
can be expressed on a dry basis or, more commonly, on a green or as received (AR) 
basis.  If can also be expressed in terms of wood volume. 

The formulae used to calculate the LHV of wood are included in Appendix 1.  Typical 
energy contents for different wood types and moisture contents are shown in Table 1.  
The LHV of wood ranges from 7.5 to 10.4 MJ/m-3 depending on species and moisture 
content. 
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Table 1: Estimated energy content of different wood types at different moisture contents on a 
mass basis and volume basis.   

 

Note: average hydrogen content of wood is assumed to be 6.4%. 

Wood Type Density

Green wet basis dry basis mass volume volume

kg/m3 kg/m3 % wet wt % dry wt GJ/tODW GJ/m3 GJ/tODW GJ/tAR GJ/m3

Plantation Softwood

Green 450 900 50 100 21 9.45 17.2 8.6 7.72

Kiln dried 450 506 11.1 12.5 21 9.45 19.3 17.2 8.68

Plantation Hardwood

Green 500 1000 50 100 19 9.5 15.2 7.6 7.58

Kiln dried 500 563 11.1 12.5 19 9.5 17.3 15.4 8.65

Native Hardwood

Green 600 1200 50 100 19 11.4 15.2 7.6 9.10

Kiln dried 600 675 11.1 12.5 19 11.4 17.3 15.4 10.38

Moisture Content Higher Heat Value Lower Heat Value

mass
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SIZE OF THE BIOMASS RESOURCE 
The available wood resources in Australia from which secondary products might be 
made include harvest residues from plantations and native forests and by-products 
from wood processing.  The volumes in this report were estimated from timber 
industry surveys, information provided by forest growers and wood processors.  

Softwood plantation harvest residues 

Australia’s total softwood estate is around one million hectares.  Current annual 
harvest is about 13.3 million m3 pulp and sawlogs (ABARES 2011, 2008-09, 
Appendix 2).  However, many stands have not yet reached maximum sustainable 
production.  Forecast potential production from the current softwood plantation estate 
for 2020-50 is around 16.5 million m3 y-1 (equivalent to an average mean annual 
increment of around 16.5 m3 ha-1 y-1, Table 2, Parsons et al., 2007).   

Table 2: Forecast wood yields form hardwood and softwood plantations for Australia (‘000 m
3
/y 

averaged for each 5 years, Parsons et al. 2007). 

forest type and 
product 

2005-09 2010-14 2015-19 2020-24 2025-29 2030-34 2035-39 2040-44 2045-49 

hardwood          

 pulpwood 4,596 13,759 12,823 14,599 14,402 12,313 15,658 13,928 15,260 

 sawlog 224 358 582 1,110 1,238 1,766 1,819 1,625 1,397 

 total 4,819 14,118 13,405 15,709 15,639 14,079 17,477 15,553 16,657 

softwood          

 pulpwood 5,444 5,308 5,376 4,896 4,723 4,868 4,933 5,042 5,341 

 sawlog 10,079 10,303 10,544 10,395 10,775 12,292 12,150 11,791 11,854 

 total 15,524 15,611 15,920 15,291 15,498 17,160 17,083 16,833 17,195 

total 20,342 29,729 29,325 31,000 31,137 31,239 34,560 32,389 33,852 

 
Harvest residues from softwood plantations include branches, foliage, bark, stumps 
and unmerchantable parts of stems.  Above-ground residues make up just over a 
third of total above-ground biomass (Ximenes et al., 2008, see Appendix 3).  
Currently, (2008-09), around 14.9 m3e harvest residues are produced annually.  
These include 2.6 million m3e bark, 3.2 million m3e branches and foliage and 0.4 
million m3e stumps.  Much of the bark (~40%) is attached to harvested logs.  Thus, 
around 2.9 million t y-1 harvest residues remain on-site after harvest. 

Based on estimated future softwood log production of 16.5 million m3/y, the total 
amount of future harvest residues could be 9.0 million m3e/y.  This includes 3.9 
million m3e/y branches, 3.2 million m3e/y bark, 1.3 million m3e/y foliage and 0.5 
million m3/y stumps (Figure 1). 
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Figure 1: Estimated future production of logs and harvest residues from current softwood 
plantation estate including forecast future production from existing plantations.  Total harvest 
residues (i.e. excluding logs): 9 million m

3
e/y. 

 

A proportion of harvest residues (e.g. smaller branches and foliage) needs to be 
retained on-site to conserve nutrients and maintain site productivity for subsequent 
rotations. The bulk of critical nutrients are contained in the foliage, and to a lesser 
extent in the bark (Table 3).  Thus, some residues, such as larger branches and stem 
sections, could potentially be removed with a relatively small impact on total nutrient 
stocks.  Technologies and methods to collect plantation residue are being developed 
and trialled. For example, one option being considered is to collect residue six 
months after harvest, after the majority of the needles have fallen off the branches. 

 

Table 3: Distribution of above-ground nutrients in a mature radiate pine tree (data from 
industry sources).  Note, totals may not sum to 100% due to rounding. 

 

peeler logs  400 

sawlogs  10,200 

pulplogs  5,400 

other logs,  500 

bark on logs  
1,200 

bark at landing  
1,300 

bark on 
branches and 
stumps  700 

stumps  500 

branches  3,900 

foliage  1,300 

Total biomass production from Australia's softwood 
plantation estate ('000 m3e per year)

Component Mass

N P K S

Wood 80% 25% 30% 38% 30%

Bark 7% 12% 11% 16% 14%

Live branches 7% 0% 0% 0% 1%

Dead branches 1% 10% 12% 11% 12%

Cones 0% 1% 2% 1% 2%

Foliage 6% 51% 45% 34% 42%

Proportion of total nutrient content
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If it is assumed that all foliage and 50% of branches (plus bark) will be retained on-
site, up to 4 million m3e/y residues could still be extracted from existing softwood 
plantations (Figure 2).  These residues include 2.2 million m3e/y branches plus bark, 
0.5 million m3e/y stumps and 1.3 million m3e bark removed from logs at landings, but 
exclude bark attached to sawlogs and pulplogs (1.2 million m3e/y). 

The cost of removing harvest residues tends to increase with the proportion 
extracted.  For example, the cost of collecting around 20–25 tonnes of sub-log-
specification stem and branch pieces might be $25–$35 per tonne, but 30 tonnes per 
hectare might cost as much as $60 per tonne  (M. Brown2, CRC Forestry, personal 
communication).  

 

Figure 2: Estimated future production of logs and harvest residues from current softwood 
plantation estate showing material retained on site to maintain site productivity.  Total 
available harvest residues: 5.3 million m

3
e/y. 

 

 

  

                                            

2 Mark Brown, Harvesting and Operations Program Manager and Manager Industry Engagement, CRC Forestry. 

peeler logs  400 

sawlogs  10,200 

pulplogs  5,400 

other logs,  500 

bark on logs  
1,200 

bark at landing  
1,300 

bark on 
branches and 
stumps  300 

stumps  500 

branches  2,000 

retained onsite  
3,600 

-

Potentially available biomass from Australia's 
softwood plantation estate ('000 m3e per year)
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Hardwood Plantation By-products 

Australia’s total hardwood plantation estate covers an area of around 970,000 
hectares (Appendix 2, ABARES 2011).  In 2008-09, 4.7 million m3 sawlogs and 
pulplogs were harvested from this estate and the long term sustainable yield is 
estimated to be around 15 million m3 per year (Table 2, Parsons, 2007).  However, 
this yield implies an average MAI of around 16 m3/ha/y which may be an 
overestimate.  Assuming a lower average growth rate of 12 m3/ha/y, the sustainable 
yield from the current hardwood plantation estate would be around 11.7 million m3/y.   

No studies have been published on the amount of harvest residues from hardwood 
plantations.  However, data from Ximenes et al. (2007) from native hardwood 
regrowth suggest that residues may comprise around 40% of total above-ground 
biomass (see Appendix 3).  Thus, the total amount of harvest residues currently 
produced may be about 3.4 million m3e/y and consist of 2.4 million m3e branches and 
bark, 0.6 million m3e/y foliage and 0.4 million m3e/y stumps.  Potential future 
production of harvest residues from existing hardwood plantations (based on a 
conservative growth rate of 12 m3/ha/y) could be 8.4 million m3e/y.  These would 
consist of around 5.9 million m3e/y branches and bark, 1.5 million m3/y foliage and 
0.9 million m3/y stumps (Figure 3).  A further 0.1 million m3e/y bark may be removed 
from the site attached to logs.   

As with softwood plantations, a proportion of harvest residues needs to be retained to 
maintain ongoing site productivity.  If it is assumed that all foliage and 50% of branch 
and associated bark is retained on site, then the amount of harvest residues that 
could potentially be extracted from hardwood plantations annually could be around 
4.7 million m3e (Figure 4).  This would consist of around 2.3 million m3e branches, 
1.5 million m3e bark, and 0.9 million m3e stumps.   

 

Figure 3: Estimated future production of logs and harvest residues from current hardwood 
plantation estate.  Total for residues (i.e. excluding logs) is 8.4 million m

3
e/y. 

sawlogs  1,000 

pulplogs  9,700 

other logs  
1,000 bark on logs  

100 

bark at landing  
900 

bark on 
branches and 
stumps  500 

stumps  900 

branches  4,500 

foliage  1,500 

Total biomass production from Australia's hardwood 
plantation estate ('000 m3e per year)
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Figure 4: Estimated future production of logs and harvest residues from current hardwood 
plantation estate showing material retained on site to maintain site productivity.  Available 
harvest residues: 4.7 million m3e/y. 

 

Possibly, up to 50% of the current hardwood plantation estate may not be re-
established due to poor productivity and distance to market (industry sources).  This 
could have two important impacts on harvest residues availability.  In the short term, 
the amount of harvest residues may increase because all above-ground biomass will 
need to be removed from sites that are to be returned to pasture.  However, in the 
longer term, the amount of residues could decrease as a result of the reduction in the 
total area of the hardwood plantation estate.  Thus, in the short term (~10 years), the 
amount of extractable harvest residues could increase to 6.6 million m3e/y while, in 
the longer term, it could decrease to 2.3 million m3e/y.   

By-products from plantations that are not re-established after harvesting may need to 
be accounted for differently to other forest residues.  This is because material 
sourced from permanently cleared forest land is not renewable and the conversion of 
these plantations to agricultural land would count as a deficit against Australia’s total 
carbon stocks.  Under the current Mandatory Renewable Energy Target legislation), 
it is unclear whether harvest residues from a plantation that is permanently cleared 
would meet the “ecologically sustainable” criteria required to be eligible to receive 
Renewable Energy Credits (http://www.comlaw.gov.au/Details/C2011C00012 
Section 3).  In this review, we assume that all hardwood plantations are replanted 
and that no additional harvest residues will be available as a result of permanent 
clearing of plantations. 

   

sawlogs  1,000 

pulplogs  9,700 

other logs  
1,000 

bark on logs  
100 

bark at landing  
900 

bark on 
branches and 
stumps  500 

stumps  900 

branches  2,300 

retained on site  
3,800 

Potentially available biomass from Australia's 
hardwood plantation estate ('000 m3e per year)

http://www.comlaw.gov.au/Details/C2011C00012
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Native hardwood forest by-products 

Annual wood production from Australian native forests is around 2.6 million m3 
sawlogs and peeler logs, 4.9 million m3 pulplogs and 0.1 million m3 other logs 
(ABARES 2011, 2008-09).  The proportion of total above-ground biomass extracted 
from these forests after harvest ranges from 20% to 80% depending on forest type, 
harvesting system and products removed (Snowdon 2000).   Thus, substantial 
amounts of material are left on site after harvesting. 

Based on figures for harvesting three native hardwood species, the average amount 
of material left on site may be around 44% of above-ground biomass (Ximenes et al. 
2008, see Appendix 3).  Thus, total harvest residues from native forests are 
estimated to be around 6 million m3e/y.  These consist of around 4.3 million m3e 
stemwood, branches and bark, 1.1 million m3e foliage and 0.6 million m3e stumps 
(Figure 5).  Additional material (3-5 million m3e/y) could be produced as a result of 
thinning of regrowth stands to increase the rate of sawlog production (Raison 2006). 

There are important environmental and political issues associated with removal of 
residues associated with native forest harvesting.  For this report, it is assumed that 
no harvest residues will be extracted from native forests.  However, most native 
forest residues are currently burnt on site following harvesting.  Further, in areas with 
limited markets for pulplog, a large proportion of harvest residues consists of 
stemwood material that does not meet sawlog grade.  Thus, in theory at least, some 
of this material could be used for secondary wood products. 

Total logs harvested from native forest declined by 30% between 2000 and 2009 
(see Appendix 2, ABARES 2011).  Thus, it is unlikely that there will be any increase 
in total log removals in future years. 

 

Figure 5: Estimated production of logs and harvest residues from current harvestable native 
forest estate.  Total residues: 6 million m

3
e/y. 
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Softwood sawmill by-products 

By-products from sawmilling include bark, chips, sawdust, dockings and shavings.  
Estimates of average recovery of sawn timber from softwood sawlogs range from 47 
to 49% for softwood logs (Burns et al., 2009, Tucker et al., 2009).  Thus, wood 
residues comprise around 51-53% of the volume of softwood sawlogs.  Further, 
sawlog amounts are reported as underbark volume only.  Bark, which comprises 
around 8% of total underbark volume (Tucker et al., 2009), is removed from logs at 
the sawmill and needs to be added to this figure. 

The total amount of softwood sawn timber produced in 2008-09 was 3.7 million m3 
(ABARES 2011).  Assuming the recovery of sawn timber is 49%, the amount of 
softwood sawlogs processed would be 7.7 million m3e (excluding bark).  This figure is 
equivalent to 94% of the total amount of softwood sawlogs harvested, indicating that 
around 6% may be exported.   

By-products from softwood sawmills include green chips and sawdust, dry sawdust, 
shavings and untreated and treated dockings.  The estimated breakdown of products 
and by-products based on data from Tucker et al. (2009) is shown in Table 4. 

The estimated total production of residues from softwood sawmills is around 4.5 
million m3e (including bark).  These consist of around 2.7 million m3e green chips, 0.6 
million m3e green sawdust, 0.6 million m3e dry sawdust, shavings and dockings and 
0.6 million m3e bark.    

Sawmill residues from softwood mills can be expected to increase in future as a 
result of the forecast increase softwood sawlog/peeler log production (rising from 10 
million m3 in 2005-10 to around 12 million m3 y-1 for 2030-50, Parsons et al., 2007).  
Assuming 94% of sawlogs are processed domestically, the total amount of logs 
processed could be expected to increase to around 9.5 million m3e y-1 in future 
(underbark volume).  As a result of this increase, the amount of residues may 
increase to 5.6 million m3e/y.  The expected breakdown of residues is shown in 
(Figure 6). 

 

Table 4: Estimated breakdown of sawmill products and by-product percentages.  Source 
Tucker et al., (2009, p. 42).  See Appendix 4 for calculations. 

Product Average % composition of sawlog volume 

 Softwood mills Hardwood mills 

Dry Dressed Timber 49% 36% 

Green Chips 35% 34% 

Green Sawdust 8% 17% 

Dry Shavings and Sawdust 5% 9% 

Dry Dockings 2% 4% 

Dry Treated Dockings 1% 0% 

Total 100% 100% 

Bark 7% 0.5% 

Total Inc. Bark 107% 100.5% 
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Figure 6: Estimated future amounts of softwood sawmill products and by-products produced 
annually from current softwood plantation estate.  Total residues: 5.6 million m3e/y. 

Softwood sawmills consume most of the dried by-products internally by combusting 
them for heat production for kiln drying.  Tucker et al. (2009) reported that hardwood 
sawmills consume around 0.13 m3e dry shavings and sawdust and 0.05 m3e green 
sawdust as fuel (equivalent to 1.5 GJ of thermal energy) for every cubic meter of 
seasoned product produced (see Appendix 5).  This is equivalent to all untreated 
dried dockings, 40% of dry sawdust and shavings and around 50% of the green 
sawdust.  Thus, around 85% of total processing residues could be available for other 
uses (i.e. all green woodchips, bark and treated dockings, 60% of dry sawdust and 
shavings and 50% of green sawdust.  This is equivalent to 3.8 million m3e per year, 
based on current production of sawn timber, rising to 4.7 million m3e per year based 
on estimated future production (Figure 7). 

 

Hardwood sawmill by-products 

The total amount of hardwood sawn timber produced in 2008-09 was 990 m3 
(ABARES, 2011).  Recovery of sawn timber from hardwood logs is around 36% 
(Table 4, Tucker et al., 2009).  By-products from hardwood sawmills include green 
chips (34%), green sawdust (17%), and dry shavings sawdust and dockings (13%).  
A small amount of bark (assumed to be ~0.5% of under bark volume) is also attached 
to hardwood sawlogs. 
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Figure 7: Estimated future amounts of softwood sawmill products and by-products potentially 
available from current softwood plantation estate showing amount used for process heating 
requirements of sawmills.  Total available residues: 4.7 million m

3
e/y. 

 

Based on the average recovery of sawn timber from hardwood logs, the amount of 
hardwood sawlogs processed is estimated to be 2.7 million m3e/y or almost 100% of 
hardwood sawlogs/peeler logs harvested (ABARES, 2011).  The majority of 
hardwood sawlogs processed are from native forests with plantations supplying just 
6%.  The total amount of residues produced currently by hardwood sawmills is 
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green chips, 0.5 million m3e green sawdust, 0.3 million m3e dry shavings, sawdust, 
dockings and 14,000 m3e bark. 

As the hardwood plantation resource matures, the amount of plantation hardwood 
sawlogs can be expected to increase.  Parsons et al. (2007) predicted this would 
increase from 224,000 m3/y in 2005-09 to 1,240,000 m3/y in 2025-29.  However, as 
already mentioned, this estimate may be based on over optimistic growth rates.  
Based on an average growth rate of 12 m3/ha/y, the sustainable yield of sawlogs 
from hardwood plantations could be expected to be around 1,000,000 m3/y.  Thus, if 
sawlog removals from native forest remain constant, the total amount of sawlogs 
processed is expected to increase to around 3.6 million m3/y and the amount of 
residues produced to increase to 2.3 million m3ey (Figure 8). 

Figures from Tucker et al. (1990) indicates that hardwood sawmills consume around 
2.5 GJ of thermal energy for every cubic meter of seasoned product produced (see 
Appendix 5).  This energy comes almost entirely from wood residues.  Mills 
producing unseasoned sawn product do not require process heat, and some 
hardwood sawmills use natural gas instead of wood residues for heating. 

Based on native hardwood LHVs for kiln dried wood (10.2 GJ/m3, Table 1), around 
0.09 m3e of wood residues would be required to supply the required process heat for 
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every m3 product.  Residues used include all dry dockings (0.04 m3e/m3 log volume) 
and 50% of dry sawdust and shavings (0.05 m3e/m3 log volume).  Thus, based on 
estimated future wood production, around 320,000 m3e/year sawmill by-products 
could be used by mills for internal process heat requirements leaving around 2 million 
m3e/year for other uses (Figure 9). 

 

 

Figure 8: Estimated future amount of hardwood sawmill products and by-products produced 
annually from current hardwood plantation and harvested native forest estate.  Total 
production of residues is estimated to be 2.3 million m

3
e/y. 
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Figure 9: Estimated future amount of softwood sawmill products and by-products potentially 
available from current hardwood plantation and harvested native forest estate showing amount 
used for process heating requirements of sawmills.  Total future available by-products 
expected to be 2.0 million m

3
e/y. 

 

Plywood and veneer mill by-products 

Total production of veneer and plywood for 2008-09 was 235,000 m3/y (ABARES 
2011).  Recovery of plywood per cubic metre of log delivered is around 44% overbark 
volume (around 45% underbark volume, Tucker et al., 2009).  Thus, around 530,000 
logs were used for veneer and plywood production (around 5% of the total amount of 
sawlogs and peeler harvested in 2008-09).   

Based on the estimated future increase in sawlog and peeler log removals, veneer 
and plywood production could be expected to increase to around 270,000 m3/year.   

Plywood mill by-products include bark, cores from peeled logs, broken veneer 
pieces, trimmings, sawdust and sanding dust from plywood finishing.  Average 
recoveries of by-products per m3 peeler log processed are shown in Table 5. 

The estimated future amount of residues produced from veneer and plywood mills is 
shown in Figure 10.  Altogether, around 340,000 m3/y residues are expected to be 
produced. 

Plywood mills require around 7 GJ process heat per cubic metre of plywood 
manufactured (Tucker et al. 2009).  Around 90% of this heat is produced from wood 
residues with an average 0.16 m3e green chips and cores, 0.11 m3e dry chips and 
0.08 m3e sawdust burnt to provide around 6.7 GJ heat energy (see Appendix 6 for 
calculations).  An additional 0.5 GJ natural gas is also consumed.  Thus, around 40% 
of by-products are used internally for process heat production leaving around 
130,000 for other uses (Figure 11). 
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Table 5: Average recovery of veneer and by-products from peeler logs at veneer and plywood 
mills.  Based on data provided by Tucker et al. (2009, p. 48-49). See Appendix 6 for 
calculations). 

 

 

 

 

Figure 10: Estimated future amount of veneer and by-products produced by veneer and 
plywood mills based on forecast production from existing softwood plantation and harvestable 
native forest estate.  Total residues: 350,000 m

3
e/y. 

Output
% overbark 

volume
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volume

Veneer 44% 45%

Green Chips 24% 25%

Green Cores 8% 8%
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Total 100% 102%
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Figure 11: Estimated future amount of products and by-products potentially available from 
plywood mills based on forecast production from existing softwood plantation and harvestable 
native forest estate and estimated amount used for process heat.  Total available by-products: 
130,000 m

3
e/y. 

 

MDF and Particleboard mill by-products 

In 2008-09, a total of 910,000 m 3 particleboard and 630,000 m 3 MDF (Medium 
Density Fibreboard) were produced across Australia (ABARES, 2011).  Total inputs 
and outputs for 1 m 3 of particleboard and 1 m 3 of MDF are shown in Table 6 (see 
Appendix 7 for calculations from Tucker et al., 2009).   

Wood inputs for particleboard include softwood pulplogs, chips shavings and 
sawdust while inputs for MDF include softwood pulplogs and chips.  Much of this 
material is sourced from softwood saw and veneer mils and so needs to be deducted 
from the available by-products from these facilities. 

Because the dry density of the finished products (640 kg/m3 for particle board and 
680 kg/m3 for MDF) is greater than that of the raw wood inputs (450 kg/m3), the total 
volume of outputs (including products and residues) is smaller than the total volume 
of inputs (Table 6).    

By-products from particleboard and MDF production include rejected fibres, sanding 
dust, off-cuts, rejected product and bark (attached to pulplogs).  Based on masses of 
product inputs and outputs from Tucker et al. (2009) and an assumed basic density 
of wood inputs of 450 kg/m3, the total volume of by-products is around 0.24 m3e per 
m3 particleboard and 0.27 m3e per m3 MDF (Table 6).  In addition, a small amount 
(0.01-0.02 m3e) of bark from pulplogs may also be produced. 
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Table 6: Inputs and by-products for production of 1 m
 3
 or particleboard and 1 m

 3
 of MDF.  

Basic density of wood inputs assumed to be 450 kg/m
3
. 

 
1
Includes bark which is assumed to comprise 5% of log mass. 

For 1 m 3 particleboard, a total of 2.3 GJ process heat is required, while for MDF, a 
total of 3.9 GJ heat is required (Tucker et al, 2009).  Most of this process heat is 
derived from biomass-rich processing residues, with an average 1.5 GJ/m3 used for 
particleboard production and 2.6 GJ/ used for MDF production (Table 6).  Thus, there 
is little material available for other uses.  A small amount of bark may be sold for 
landscaping.    

Based on total current annual production of particleboard (910,000 m3/y) and MDF 
(630,000 m3/y), the total amount of wood inputs include 1.6 million m3e/y woodchips, 
0.4 million m3e/y pulplogs, 0.3 million m3e sawdust and 0.2 million m3e shavings.  
The total wood by-products produced are equivalent to around 0.4 million m3e/y of 
which most are used for process heat production (Figure 12 and Figure 13).    

 

Material

kg m3 kg m3

Inputs

Wood

Woodchips 387 0.86 613 1.36

Pulp logs1 72 0.16 168 0.37

Woodshavings 151 0.33 0 0.00

Sawdust 112 0.25 0 0.00

Adhesives and wax 75 0.07 81 0.08

Total 796 1.68 861 1.81

Outputs

Product 640 1.00 678 1.00

Sanding dust and offcuts

Used for energy 106 0.16 176 0.26

Available 47 0.07 0 0.00

Total 152 0.24 176 0.26

Bark 4 0.01 8 0.02

Total 948 1.48 1037 1.54

MDFParticleboard
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Figure 12: Estimated amounts of products and by-products from particleboard and MDF 
production based on current output.  Total by-products: 1 million m

3
e/y. 

 

 

Figure 13: Estimated amounts of products and by-products from particleboard and MDF 
production based on current output showing amount used for process heat and amount 
potentially available for other uses.  Available by-products: 0.1 million m

3
e/y. 
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Pulplogs 

Pulplogs from plantations and native forest are converted to woodchips which are 
exported or used for domestic pulp, paper and panel production.  Woodchips 
produced from sawmills and veneer mills are also exported or used domestically.   

In 2008-09, 9.4 million m3 pulplogs (70% of the total) were exported as woodchips 
and 4.5 million m3 were used domestically (ABARES 2011).  The exported material 
consisted of 0.4 million m3 plantation softwood, 2.1 million m3 plantation hardwood 
and 2.5 million m3 native forest pulplogs.  Pulplogs and chips used domestically 
consisted of 1.6 million m3 plantation softwood, 0.1 million m3 plantation hardwood 
and 0.4 million m3 native forest pulplogs. 

The production of woodchips from pulplogs produces residues in the form of fines 
(material smaller than minimum size specifications - around 20 x 20 mm) and bark.  
Fines are estimated to comprise around 2% of total pulplog volume while bark 
comprises around 7% of softwood logs and 0.5% of hardwood logs.  As with 
sawlogs, pulplogs are sold in terms of under-bark volume so the amount of bark is in 
addition to total log volume.  Based on current and projected pulplog production, 
around 0.3 million m3/y fines are produced currently, increasing to 0.4 million m3/y in 
future.  Production of bark is estimated to be 0.7 million m3e/y. 

 

Total Potential Wood By-products  

Available forestry biomass is defined here as the total amount of biomass from forest 
harvesting and wood processing that is not already used in domestic wood 
processing industries or required to maintain site productivity or biodiversity.  In this 
analysis we assume that available by-products include: 

 a portion of plantation forest residues (all stumps, 50% of branches and 
associated bark), 

 all exported fibre logs and pulplog processing residues, and 

 sawmill residues not currently used for process heat production. 

They exclude: 

 all sawlogs and peeler logs from plantations and native forests, 

 all pulplogs currently used for domestic pulp, paper and panel production, 

 wood processing residues currently used for process heat production in wood 
processing plants, 

 processing residues committed to domestic pulp, paper and panel production 
(assumed to comprise all chips, sawdust and dockings currently produced by 
sawmills and plywood mills, not used for process heat requirements), 

  plantation forest residues forest residues left on-site to maintain nutrients and 
organic matter (i.e. all roots and foliage and 50% of branches), and  

 all native forest harvest residues. 

Current (based on 2008-09 log removals and processing) and future (based on 
estimated sustainable yield from current plantation and harvestable native forest 
estate) production and availability of products and by-products from forests and wood 
processing are summarised in   
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Table 7.   Around 16 million m3e/y wood by-products are currently available (Figure 
14).  This is expected to increase to around 28 million m3e/y in the future as existing 
plantations mature and are harvested (Figure 15).  

Estimates of future production are based on average national productivities (Mean 
Annual Increments) of 16 m3/ha/y for softwood plantations and 12 m3/ha/y for 
hardwood plantations.  If the wood yield from the plantation hardwood estate is 
confirmed to be 16 m3/ha/y (as projected by BRS, Parsons et al 2007) rather than the 
lower figure used here, the total amount of available biomass residues from 
hardwood plantations and downstream processing plants could be around 30% 
higher (i.e. 20 million m3/y).  However, if, as some industry sources suggest, only 
50% of existing hardwood plantations are replanted, the total amount of biomass may 
be far less in the longer term. 

Unavailable By-products and Residues 

Site fertility requirements—all roots, all leaves and needles, and half the branches 
and their associated bark are assumed to be retained onsite to minimise loss of 
nutrients and organic matter and to help maintain site productivity.  Where 
plantations are not to be replanted and instead converted to pasture (e.g. up to 50% 
of hardwood plantations), the amount of material removed could potentially be 
greater in the short term.  However, in the longer term, the total amount of available 
biomass would be reduced because of the reduction in plantation area.  For this 
analysis, it is assumed that the rate of residue retention for hardwood plantations is 
the same as that for softwood plantations. 

Sawmill energy requirements—the estimated amount of biomass needed to 
provide energy for kiln heating requirements is equivalent to 0.09 m3e/m3 sawn 
timber for both softwood and hardwood mills.  Biomass could also be used to 
produce electricity for sawmills.  However, this biomass not included in sawmill 
energy requirements because few sawmills currently produce their own electricity. 

Committed biomass—the current amount of material used by existing domestic 
wood processing facilities including sawmills, veneer mills, pulpmills and panel mills.  
It does not include existing woodchip exports.  It should be noted that with the 
emergence of new markets for biomass, some of the existing producers of panels 
and paper may opt to alter their practices (or even cease operations) if the value of 
biomass becomes higher than the profit from their existing operations.  Alternatively, 
if more facilities are developed (e.g. the proposed Tasmanian pulp mill), the amount 
of committed biomass will most likely increase. 

Native forest harvest residues— around 6 million m3e/y harvest residues are 
currently left on-site or burnt in native forests.  In theory a proportion of these 
residues could be used.  However, environmental concerns have resulted in this 
material largely being excluded from options for renewable energy or other uses.  
Thus, in this report, these residues are not included in by-product estimates or uses. 
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Table 7: Current and potential future amount (‘000 m
3
e) of biomass from softwood and 

hardwood plantations, native forests and associated processing facilities from existing estate. 

  

Forest type and product

Forest Processing Forest

Current Future % Current Future Current Future Current Future Current Future Current Future

Softwood plantations

total logs 13,310 16,500 

peeler-logs 360      400      

veneer 45% 160      180     160      180      -      -      -      -        

cores 8% 30        30       30       30       -      -      -      -        

chips 25% 90        100     30       40       60       60       -      -        

trimmings+fines 8% 30        30       -      -      30       30       -      -        

bark 2% 10        10       -      -      -      -      10       10         

sawlogs 8,190   10,200 

export 510      680      510      680      -      -        

domestic 7,680   9,520   

sawn 49% 3,740   4,640   3,740   4,640   -      -      -      -        

green chips 35% 2,680   3,330   2,660   2,650   20       30       -      650       

green sawdust 8% 640      790     300      300      340      420      -      70         

dry shavings + dockings 7% 560      690     230      230      330      410      -      50         

treated dockings 1% 60        70       -      -      -      -      60       70         

bark 7% 570      710     -      -      -      -      570      710       

fibre-logs 4,370   5,400   

export 890      1,920   890      1,920    

domestic 3,480   3,480   

chips 98% 3,410   3,410   3,410   3,410   -      -        

fines 2% 90        110     -      -      90       110       

bark 7% 320      400     -      -      320      400       

bark 2,590   3,200   900      1,120   280      340       1,410   1,740    

stumps 430      500      -      -      -      -        430      500       

branches 3,160   3,900   -      -      1,580   1,950    1,580   1,950    

needles 1,050   1,300   -      -      1,050   1,300    -      -        

Hardwood plantations

total logs 4,750   11,700 

saw-logs 170      1,000   

domestic 170      1,000   

sawn 36% 60        360     60       360      -      -      -      -        

green chips 34% 60        340     60       60       -      -      -      280       

green sawdust 17% 30        170     -      -      -      -      30       170       

dry shavings+dockings 13% 20        130     -      -      10       90       10       40         

bark 1% -       10       -      -      -      -      -      10         

fibre-logs 4,570   9,700   

export 4,300   9,430   4,300   9,430    

domestic 270      270      

chips 98% 260      260     260      260      -      -        

fines 2% 10        10       -      -      10       10         

bark 1% -       -      -      -      -      -        

bark 590      1,500   -      -      -      -        590      1,500    

branches 1,850   4,500   -      -      900      2,200    950      2,300    

leaves 620      1,500   -      -      620      1,500    -      -        

stumps 380      900      -      -      -      -        380      900       

Native forest

total logs 7,740   7,740   

peeler logs 90       90       

domestic 90       90       

peelings 45% 40        40       40       40       -      -      -      -        

poles 8% 10        10       10       10       -      -      -      -        

chips 25% 20        20       10       10       10       10       -      -        

trimmings + fines 8% 10        10       -      -      10       10       -      -        

bark 1% -       -      -      -      -      -      -      -        

sawlogs 2,550   2,550   

export -      -      -      -      -      -        

domestic 2,550   2,550   

sawn 36% 930      930     930      930      -      -      -      -        

chips 34% 850      850     850      850      -      -      -      -        

green sawdust 17% 440      440     -      -      -      -      440      440       

dry shavings + dockings 13% 330      330     -      -      230      230      100      100       

bark 1% 10        10       -      -      -      -      10       10         

fibre logs 4,940   4,940   

export 4,240   4,240   4,240   4,240    

domestic 700      700      

chips 98% 690      690     690      690      -      -        

fines 2% 10        10       -      -      10       10         

bark 1% -       -      -      -      -      -        

bark 980      980      -      -      980      980       -      -        

branches 3,450   3,450   -      -      3,450   3,450    -      -        

leaves 1,150   1,150   -      -      1,150   1,150    -      -        

stumps 600      600      -      -      600      600       -      -        

Total

Softwood plantation 20,540 25,400 13,290  16,430 11,970 13,280 2,910   3,590    780      950      5,360   8,180    

Hardwood plantation 8,190   20,100 4,770   10,770 380      680      1,520   3,700    10       90       6,270   14,640  

Native forest 7,740   7,740   7,610   7,610   2,530   2,530   -      -        250      250      4,800   4,800    

Total 36,470 53,240 25,670  34,810 14,880 16,490 4,430   7,290    1,040   1,290   16,430 27,620  

Available by-

products

Unavailable products and by-products

Forest Sawmill energySite fertilityCommittedProcessing

Total production
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Figure 14: Estimated total amount of by-products currently available from softwood and 
hardwood plantations, native forests and sawmills (2008-09 data).  Total: 16.4 million m

3
e/y 

 

 

Figure 15: Estimated total amount of by-products available from future production from 
existing softwood and hardwood plantations and harvestable native forests. Total: 27.6 million 
m

3
e/y 
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Other potential Australian biomass resources 

CSIRO (2006) estimated Australia’s biomass resources (excluding grain used for 
food) to total around 330 Petajoules (330 billion MJs) per year.  This is approximately 
equal to around 40 million m3e wood (based on an average energy content of around 
8 GJ/m3e. 

In a more detailed assessment, CSIRO estimated the potential amount of non-food 
biomass (i.e. plant stem and leaf components) that could be used to produced 
bioenergy and biofuels across Australia (Farine et al., 2011).  This assessment 
included stubble and bagasse production from grain crops, logs and residues from 
harvested native forests, and plantations, urban wood waste and biomass from 
potential future short rotation plantations.   

It was estimated that total annual current biomass production was around 95 million 
t/y (oven dry mass) of which around 27 million t/y could be removed and diverted to 
bioenergy production.  In addition, it was estimated that a further 20 million t/y 
biomass could be produced from existing hardwood plantations and potential short 
rotation bioenergy plantings by 2030.  Of this additional production, 90% (18 million 
t/y) could be used for bioenergy.  Thus, the total amount of material estimated to be 
available by 2030 was 45 million t/y. 

Using average densities from the report for pulplogs and sawlogs and assuming a 
1:2 conversion of dry mass of bagasse and crop stubble to cubic meter equivalents 
of wood, these figures are equivalent to 54 million m3e/y currently, increasing to 86 
million m3e/y by 2030 (Figure 16).   

The estimated amount of by-products available from existing forests and plantations 
was 17 million t/y (equivalent to 19 million m3e/y) currently, increasing to 21 million t/y 
(25 million m3e/y) by 2030.  Thus, the estimates from the CSIRO report are similar to 
those presented here (13 million m 3e/y currently and 25 million m 3e/y in future). 

The report estimated that diverted biomass could be used to produce 8.5 GL/y 
biofuel or 31 GWh/y electricity increasing to 14 GL/y biofuel or 55 GWh/y electricity in 
the future.   
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Figure 16: Estimated future total amount of lignocellulosic biomass that could be diverted for 
the production of bioenergy or biofuel from existing crops, urban wood waste, native forests 
and plantations and potential future dedicated bioenergy plantings.  From Farine et al. (2011).  
Total: 86 million m

3
e/y. 
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GENERAL CONSIDERATIONS REGARDING 
BIOMASS UTILISATION 

Potential benefits verses technological readiness 

There are a wide range of options for using secondary products from forestry and 
wood processing industries.  These include: 

 inputs into other wood processing industries including pulp and paper and 
panel production, 

 direct heat or electricity production, 

 solid fuels such as briquettes and wood pellets, 

 combined heat and power generation, 

 liquid fuels such as bio-oil, ethanol or syndiesel, and 

 platform chemicals for use in the chemical industry and other chemical 
products, 

 bio-char products for sequestering carbon and potentially boosting productivity 
of agricultural land, and 

 garden and landscaping products.  

These products differ in the readiness of technology, economic value, production 
cost and markets.  They also differ in their environmental benefit/cost in terms of their 
potential to reduce greenhouse gas (GHG) emissions and their efficiency of 
production in terms of the amount of energy required to create the energy content of 
final products (known as Energy Return On Energy Invested or EROEI).  EROEI is 
defined as the ratio of the amount of usable energy acquired from a particular energy 
resource to the amount of energy expended to obtain that energy resource. 
http://en.wikipedia.org/wiki/EROEI 

An analysis by Carnot (2007) compared the relative readiness of technologies for 
different products from sawmill residues with their potential economic value (Figure 
16).  This showed that although chemical products might show the highest economic 
benefit, they also had the lowest readiness in terms of the technology required in 
their production.  In contrast, the use of by-products for process heat has low to 
moderate economic benefit but the conversion technology is well understood. 

A study by SCION in New Zealand compared the EROEI’s, Greenhouse gas benefit, 
cost and technological status of a number of energy products from biomass residues 
(Hall and Jack 2008).  This analysis showed that the EROEI and greenhouse gas 
benefits were relatively high for using by-products for combustion heat and costs and 
technological risk were relatively low, making this an attractive option (Table 8).  In 
comparison ethanol production had the lowest EROEI and greenhouse gas mitigation 
potential, the highest cost and the technology was still in development. 

 

http://en.wikipedia.org/wiki/EROEI
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Figure 17: The readiness of technology verses the economic benefit, for different residue 
utilization options for sawmill options.  Figure Reproduced From Carnot (2007), p.5. 

 

Table 8: Comparison of EROEI (energy returned on energy invested) greenhouse gas benefit, 
cost and technological readiness of a number of energy and fuel products from forest 
residues.  Figure reproduced from Hall and Jack (2008, p.36).  Note excludes material from 
purpose grown energy plantings. 

 
1
Compared with heat from coal, electricity from the grid and fossil transport fuels 

 

Greenhouse gas benefit of bioenergy 

Biomass acts as a store for carbon sequestered by plants from atmospheric CO2.  
Thus, wood products produced from forests and plantations harvested on a 
sustainable basis are generally considered to be greenhouse negative (i.e. they 
effectively store CO2) and bioenergy or biofuels produced from biomass is 
considered to be greenhouse neutral (because the amount of CO2 emitted during 
combustion is equal to the amount sequestered by the growing trees). 

While this is generally true, there are a number of important qualifications which 
effect the assumption of greenhouse neutrality.  These are: 

 

Combustion 

heat

Combustion 

CHP

Ethanol Gasification 

heat

Gasification 

CHP

Gasification 

biodiesel

EROEI 7.5 4.9 3.5 5.6 4.0 3.9

Greenhouse gas reduction1 92% 94% 75% 90% 83% 83%

Cost ($/GJ) 15.6 27.6 59.4 31.2 42 34.5

Technoilogy status Mature Mature Developing Developing Developing Developing
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 the plantation or native forest should be managed on a sustainable harvest  
basis in which the rate of biomass removal, averaged over time across the 
forest estate, is no greater than the rate of production, 

 the total stock of carbon in live and dead forest biomass and soil should be 
maintained over time, 

 non-CO2 greenhouse gas emissions from the production and burning biomass 
and biofuels are not greenhouse neutral and should be taken into account, 
and 

 all other emissions associated with forest management and harvest, 
processing and transport should be taken into account using a life cycle 
analysis approach. 

Where carbon credits are received for growing trees (e.g. after planting previously 
cleared land), the carbon in harvested wood can still be considered to be greenhouse 
neutral provided that the credits received are no greater than the average carbon 
content of the trees over a rotation (Figure 18). 

Provided these criteria are met, greenhouse gas emissions from energy from wood 
can be far lower than those from fossil fuels.  Thus, if sustainably produced wood is 
used for energy instead of fossil fuels, total emissions will be reduced.  Alternatively, 
if the wood is used for solid products, the carbon will be sequestered for as long as 
these products remain.  Where wood is substituted for other materials with higher 
greenhouse gas emissions, total emissions be reduced further.  Thus, the total 
amount of carbon emissions mitigated by wood products or bioenergy depends on 
the source of the wood, the type of material substituted and the life cycle emissions 
associated with each.  An example of, the net greenhouse gas benefits associated 
with a plantation harvested, on a sustainable basis for wood for bioenergy production 
compared with an unharvested plantation is shown in Figure 19. 

 

Figure 18: Example of total carbon content and average carbon content of a stand of trees 
harvested on a 10 year rotation. 
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Figure 19: Example of total carbon mitigation benefits of a stand harvested on a sustainable 
basis with the wood substituted for fossil fuel for bioenergy production compared with an 
unharvested stand.  (Adapted from O’Connell et al., 2009). 
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POTENTIAL SECONDARY PRODUCTS AND THEIR 
MARKETS 
The secondary products that are currently, and might in future be, manufactured from 
log-processing by-products and non-log plantation by-products are discussed in this 
section. For each secondary product the following is described: 

 the process of conversion, 

 the economics of conversion: product recovery, costs of conversion, and value 
of products, and 

 the potential markets for the secondary products. 

Wood-pellets 

Wood pellets are a form of wood fuel with consistent characteristics for which 
handling and burning infrastructure can be designed and built (Figure 20).  The size 
and moisture content of wood pellets is standardised by specifications such the 
Australian Standard AS/NZS 4014.6:20073.  Pellet moisture content is between 5-
10% (dry basis) and their calorific value is ≥ 16.9 MJ/kg (as received). 

Another, product similar to wood pellets is fire bricks.  These are larger than wood 
pellets and are cheaper to manufacture.  They have some industrial applications.  
Unlike wood pellets which are designed for automatically fed home or industrial 
feeders, fire bricks are normally manually handled in a similar fashion to firewood.  
Thus, they struggle for domestic market in regional locations because of competition 
with abundant and relatively cheap firewood resources (~$100 per tonne delivered). 

 

  

Figure 20: Examples of wood pellets produced in Australia: a) domestic fuel-wood pellets 
manufactured in Tasmania from softwood sawmill dry shavings and sawdust and b) industrial 
fuel-wood pellets manufactured by Plantation Energy, Albany, from around 25% plantation 
eucalypt wood and 75% eucalypt plantation non-log biomass, for export to Europe and Japan 

 

                                            

3 AS/NZS 4014.6:2007: Domestic solid fuel burning appliances - Test fuels - Wood pellets. 
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Demand for pellets 

There is currently little demand for wood pellets in Australia because of the 
availability of cheap alternative energy sources such as electricity and natural gas.  
The lack of any financial or regulatory incentive under the RET scheme to encourage 
the use of wood as an alternative to fossil fuels for heat production means that wood 
pellets are a relatively unattractive option from an economic point of view.  Some 
emissions can be greater from burning wood than from fossil fuels.  However, 
particulate and gaseous emissions from efficient pellet heaters tend to be lower than 
for conventional fireplaces and stoves (PHA, 2007).  

In Europe, unlike Australia, subsidies and offsets are available to encourage the use 
of renewable energy from all sources including heat from wood.  Australian fuel-wood 
pellets exported to Europe (and Japan) for co-firing with coal or use on their own are 
eligible to receive these subsidies.   In Australia, the carbon tax due to commence on 
1st July 2012 will not discriminate against the use of wood for heat energy which will 
not be subject to the tax.  

As a result of the subsidies in Europe and other countries combined with increasing 
costs associated with fossil energy feedstocks, worldwide demand for wood pellets is 
forecast to grow strongly over the coming years (Figure 21).  Between 2009 and 
2015, annual demand is expected to almost treble from 11 Mt/y to 32 Mt/y, with most 
of the increase coming from commercial applications. 

 

 

Figure 21: Current and projected world production, demand and production capacity for fuel 
pellets

4
.   

  

                                            

4 Figure reproduced from presentation by Jarrod Waring, Business Development Manager – Plantation Energy 

Australia Pty Ltd, to the Bioenergy Australia 2010 conference. 
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Potential production 

It is possible to use most forest and sawmill biomass for pellet manufacture, provided 
that the biomass is relatively free of soil, sand and gravel (all of which cause 
significant wear on pellet-making equipment).  Tree stumps and roots are not suitable 
because they contain significant quantities of soil. 

Total potential Australian production of fuel-wood pellets from all sawmill residues 
including chips, all plantation residues excluding stumps, and all fibre logs currently 
exported as woodchips, is around 7 million t/y currently (assuming an average 
moisture content of 7.5% on a dry basis and that 17.5% of the biomass is used for 
energy for drying the material).  This figure is expected to increase to 12 million t/y in 
future (Figure 22). 

 

 

Figure 22: Potential production of fuel pellets from estimated future available sawmill residues, 
pulplogs and plantation harvest residues.  (Total is 11.6 Mt/y at 7.5% MC). 

Cost of producing pellets 

Capital costs of pellet production plants range from $1.0-1.5 million per tonne per 
hour production capacity (Carnot Group 2007).  Thus, the cost of a small-medium 
scale plant with a capacity of around 6,000 t/yr could range from $0.8-1.1 million.  
Assuming an interest rate of 12% and a plant lifespan of 15 years, the levelised 
capital cost of production would be in the order of $25/t (see Appendix 9 for 
calculations). 

Repair and maintenance costs for pellet plants are around $10/t (Deloitte 2008); 
while pellet pressing requires 150 to 200 kWh electricity per tonne of pellets 
produced (Enecon 2007).  Thus, for an grid electricity price of $0.20/kWh, the 
electricity used in pellet production would cost around $30 to $40/t.  Pellets require 
dry wood, so drying costs must also be factored in.  Energy for drying is usually 
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supplied by using additional biomass residues which can make up 17.5% of total 
fibre supply (Deloitte, 2008).   

For a biomass feedstock cost of $10-$20/m3e and a conversion rate of 0.5 t pellets 
per m3e biomass, the estimated total operating cost of production is around $80-140/t 
(see Appendix 9 for calculations).  Adding the levelised capital cost of $25/t would put 
the total cost of wood pellet production at $105-$165/t for a plant with an annual 
production of 6,000 t/y.   The cost of pellet production is very sensitive to the price of 
biomass which can comprise 25-50% of the total cost.   

Pellet production costs for Canada have been estimated to be CAD $170-$190 per 
tonne (AU $160-$180/tonne) for plants producing 100,000-150,000 t/y pellets with a 
fibre supply cost of CAD $40-$50/t (2010 value, Deloite, 2008). 

Value of pellets 

Pellets are currently retailing in Hobart at $700 per tonne delivered, bagged in 20 
kilogram bags.  The Carnot Group (2007) report prices for pellets across several 
European countries in the range of €200/t to €430/t (AU $333/t to $717/t).  However, 
a similar analysis by Enecon (2007) reported a lower price range of €70 to 

€270/tonne (AU $42/t to $162/t).  In 2007, prices in the USA ranged from US$120 to 
US$200/tonne and averaged $150 per tonne (Enecon 2007). 

Potential market for pellets 

The 2020 Renewable Energy Target of 41 million MWh of Large Scale Renewable 
Energy Certificates (LGCs) will require 30 million LGCs in addition to the 10 million 
currently required.  Some of these additional certificates could be provided by co-
firing wood pellets in power stations 

Assuming an average net energy content of 16.5 GJ/t for pellets at 7.5% MCd and a 
30% efficiency for co-firing them in existing coal power stations, 17 million MWh 
could be generated from the estimated total future wood-pellet production (12 million 
t/y).  However, since native forest by-products are excluded from the MRET scheme, 
only 12 million MWh would be eligible to receive RECs.  . 

Further, the cost of wood pellets it likely to be too high to make them an economic 
option for electricity production in Australia in the near term.  Current wholesale 
electricity prices are around $40/MWh (ATSE, 2009) and current LGC prices are 
around $40/MWh (http://www.greenmarkets.com.au/market.html).  Based on these 
prices and a pellet handling costs of $10/tonne, a power station might be able to pay 
around $100 per tonne of delivered pellets.  Thus, the value of pellets that power 
stations can pay is currently likely to be well below their estimated production cost. 

However, overseas power generators have higher input costs and carbon emissions 
costs than those in Australia making export of wood pellets a potentially attractive 
option.  Plantation Energy manufactures fuel-wood pellets near Albany in Western 
Australia.  These are exported to Europe and Japan where they are co-fired with coal 
for process heat. 

  

http://www.greenmarkets.com.au/market.html
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Process heat 

In addition to using wood residues to produce process heat in sawmills and other 
wood processing facilities, they can be used as fuel for process heat in other 
industries. For example, sawmills currently sell by-products for process heat 
production by vegetable processors, meat processors and brick manufactures.  
Using wood for process heat does not generate Renewable Energy Certificates 
under the existing Australian Renewable Energy Scheme.  However, heat energy 
from wood from sustainably managed forests is effectively nearly carbon neutral and 
CO2 emissions from burning wood will not be subject to a carbon tax. 

Cost of energy from burning woody biomass for process heat 

Wood contains less energy per tonne (8–16 GJ/tonne depending on the moisture 
content) than most fossil fuels (e.g. fuel oil at 44 GJ/tonne, Table 9).  However, the 
cost (in terms of $ per GJ of heat produced) may be considerably less compared with 
oil or natural gas ($11-$18) and is similar to that for coal ($0.5-$4.5).  The carbon tax 
will increase the costs of fossil fuels, but will not significantly increase the cost of 
bioenergy.  For example, a carbon price of $23/t CO2e will increase the cost of 
energy from coal by 45-450% but should increase the cost of bioenergy by only 
around 1-2%.  This increase will improve the competitiveness of wood with fossil 
alternatives.  

Table 9: Energy cost for different fuels, expressed as $ per gigajoule based on raw fuel cost, 
energy density, and potential cost of GHG emissions based on a carbon price of $23/t CO2e.  

 
1
DCC (2009) 

2
Average retail price Origin Energy 2010-11  

3
Average spot price 2010-11 (http://www.indexmundi.com/commodities/) 

4
Average price 2009-10 (http://www.aemo.com.au/planning/419-0035.pdf) 

5
Average Saudi Aramco LPG Prices 2010-11 (http://lpgaustralia.com.au/site/industry_data.php) 

6
Industry Estimate 

7
Assumes average density of 0.45t/m

 3
 

 

Fuel Type MC

wet basis

% $/GJ kg CO2e/GJ $/GJ $/GJ

Natural gas 11 $/GJ 2 NA 11.0 51 1.2 12.2

Black coal 20% 122 $/t 3 27 GJ/t 1 4.5 88 2.0 6.5

Brown coal 60% 3.9 $/t 4 8.7 GJ/t 4 0.5 93 2.1 2.6

Fuel oil 0.68 $/L 3 39.7 MJ/L 1 17.1 73 1.7 18.8

LPG 0.45 $/L 5 25.7 MJ/L 1 17.5 60 1.4 18.9

Deisel fuel 0.70 $/L 3 38.6 MJ/L 1 18.1 70 1.6 19.7

Electricity (from coal) 190$/MWh 2 3.6 GJ/MWh 1 52.8 245 5.6 58.4

Wood Green 50% 5 $/m3 6 7.6 GJ/m3 7 0.7 1.3 0.0 0.7

Green 50% 10 $/m3 6 7.6 GJ/m3 7 1.3 1.3 0.0 1.3

Green 50% 20 $/m3 6 7.6 GJ/m3 7 2.6 1.3 0.0 2.7

Green 50% 40 $/m3 6 7.6 GJ/m3 7 5.2 1.3 0.0 5.3

Kiln-dry 11% 20 $/m3 6 8.6 GJ/m3 7 2.3 1.3 0.0 2.4

Energy Content 

(Lower Heat Value)

Carbon Tax       

($23/t CO2e)

GHG 

Emissions1

Energy 

Cost

Total Cost 

(inc C Tax)

Cost

http://www.indexmundi.com/commodities/
http://www.aemo.com.au/planning/419-0035.pdf
http://lpgaustralia.com.au/site/industry_data.php
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The cost of energy from wood is influenced by the moisture content of the material.  
This is because: 

a) the water adds to the total weight and so increases the cost of the wood (in 
terms of $ per oven dry tonne) and  

b) some of the heat produced from combustion is required to evaporate water in 
the wood (see Appendix 1).   

Thus, the amount of energy released from burning one tonne of kiIn dried wood 
(~12.5% MC on a dry basis) is around 13% less compared with that that from oven 
dry wood while the energy released from burning green wood (100% MC on a dry 
basis or 50% MC on a wet basis) is 58% less than that from burning oven dry wood 
(Figure 23, see Appendix 1 for more details).  For most wood-burning processes, this 
heat is lost.  Thus, the cost per GJ increases with the both cost of biomass (including 
transport costs), and its moisture content.  In addition, further energy losses are 
associated with loss of hot air out of the flue, and loss of heat from the boilers and 
piping and incomplete combustion.   

 

Figure 23: Relationship between the gross (HHV) and net (LHV) energy content of a sample and 
its moisture content (expressed on a wet basis), showing the amount of energy needed to 
evaporate the water held in the sample. 

 

There are substantial capital costs associated with the infrastructure required to 
handle and produce heat energy from biomass.  The total capital cost for a unit 
burning 100 t/day (green weight), or 34,000 t/y is estimated to be around $2 million 
(2007 estimate).  Further, unprocessed forestry or processing by-products are often 
unsuitable for combustion in their raw form and may require chipping, densification or 
drying prior to use.  This processing can add considerable to the cost of the biomass 
(e.g. see next section on wood pellets). 
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Potential production of process heat from woody biomass 

The estimated amount of biomass currently available from forest harvesting and 
wood processing is around 17 million m3e/y increasing to 28 million m3e/y in the 
future (  
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Table 7).  The net energy content (LHV) of current available material is around 130 
PJ/y increasing to 220 PJ/y in the future.  Assuming a boiler efficiency of 85%, the 
total current production of heat could be 110 PJ/y currently, increasing to 180 PJ/y in 
the future (Figure 24).   

 

Figure 24: Potential amount of heat production from future biomass by-products from forest 
harvesting and wood processing.  Total production: 220 PJ/y. 
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Gasification 

Description 

Wood gas or more correctly syngas (synthesis gas) is a gas mixture of carbon 
monoxide, carbon dioxide and hydrogen produced from the conversion of a carbon 
containing fuel to a gaseous product that has some heating value5.  Gasification is 
essentially the incomplete combustion of biomass or other materials containing 
carbon. 

Syngas has a very low energy content; in the order of 5.8 GJ/t.  This is about a tenth 
of the energy content of natural gas (56 GJ/t) or LPG (50 GJ/t), and a fifth of the 
energy content of coal-gas (32 GJ/t). 

The typical composition of syngas is:  

 N2:  50.9% 

 CO: 27.0%  

 H2: 14.0%  

 CO2: 4.5% 

 CH4: 3.0%  

 O2: 0.6%. 

Potential market for wood-gas 

Australians consumed around 1,300 PJ of natural gas in 2007-08, and around 90 PJ 
of LPG6 (ABARE).  Potentially, syngas could be used to supplement some of this 
consumption.  However, due to its low calorific value compared with natural gas, 
syngas is unlikely to be widely used as an energy commodity in the foreseeable 
future.   

In spite of this disadvantage, syngas is an important derivative from wood for a range 
of uses.  As well as being combusted to produce heat, syngas can also be fed 
directly into turbines or modified internal combustion engines to produce electricity 
(Pers. Comm. J. Sanderstone, Gasification Australia).  Syngas production is also the 
first stage for the production of syndiesel (see sections on Biofuels).  Small scale 
gasifiers are a cost-effective, efficient means of converting wood into a more 
convenient energy form (i.e. gas) that can be readily used in existing systems to 
supplement LPG or other fossil fuels.  Unlike electricity, which cannot be sold by 
small scale producers to other potential users, there is no restriction against piping 
gas between adjacent properties.  Thus, syngas production can be a means by which 
sawmills with surplus biomass to sell renewable energy to other users at a higher 
rate than the prevailing grid price (currently around ~$40/MWh or $12.5/GJ).   

 

                                            

5 http://biofuel.org.uk/what-is-syngas.html - viewed 6 April 2011. 

6 3,996 ML of LPG in 2008-09 (ABARE 2010), HHV 22.16 MJ/L, equates to LPG use of around 90 PJ. 

http://biofuel.org.uk/what-is-syngas.html
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Electricity 

The heat from burning biomass or biomass products can be used to generate 
electricity using a range of different systems.  These include conventional steam 
powered generators, Organic Rankine Cycle (ORC) generators and combustion of 
syngas.  The efficiency of conversion of energy in the biomass to electrical energy 
depends on the process type and its scale.   

Electricity recovery increases with increasing generator size.  For example 
conversion efficiencies may vary from around 10% for medium-sized, basic gasifiers, 
to around 45% for large scale, advanced technology systems. 

A purpose-built wood-fired power station with an output of 30 MWe can have an 
energy efficiency of 25% while larger plants may reach 35% (MBAC 2004).  The 
Carnot Group (2007, p. 26) reported that a 10MWe generator running for 8,000 hours 
per year would require around 120,000 m3e biomass.  Assuming a biomass energy 
content of 7.5 GJ/m3e, this implies an efficiency of 32% 

The Crucible Group has commercialised a pyrolysis module that requires around 
20,000 m3e/y of biomass from which 32% of the energy stored in the biomass can be 
recovered as electricity (Herbertson 2010).  In contrast, a small scale plant, powered 
by an Organic Rankine Cycle, may have an efficiency of just 5 - 18% (Pers. Comm. 
J. Vicram, gT – energy technologies7, 2010) 

Potential electricity production 

If it is assumed that an average of 30% energy efficiency could be achieved for 
producing electricity from biomass, around 0.64-0.76 MWh electricity could be 
produced for every m3e green material used, depending on its moisture content and 
species.  The total electricity production from available wood residues from 
plantations and sawmills and exported fibre logs could be around 11 GWh per year 
currently, increasing to 17 GWh/y in future (Figure 25).  This future potential 
production is equivalent to 7% of Australia’s current electricity consumption (242 
GWh/hr in 2009-10, http://bree.gov.au/publications/energy/index.html). 

Costs of electricity generation 

Costs of generating electricity from biomass are more than double those for coal.  
Current generation costs for biomass are in the order $90 per MWh compared with 
$29-$48 per MWh from coal (Figure 26, CSIRO 2006).  Similarly, the capital costs of 
electricity generation plants are in the order of $1,500 per kilowatt of capacity for 
generation from coal compared with $4,000 per kilowatt for generation from biomass 
(Appendix 9, SED Consulting, 2009).  Maintenance costs may vary from 1.5% of 
capital investment per year for mature technologies to 5-10% for less mature 
technologies (Carnot Group 2007). 

 

                                            

7 gT – energy technologies, Carnegie, Victoria. Director – Business Development: Vikram Joshi, Email: vjoshi@g-

tet.com, Mobile: + 61 (0) 413 884 256. 

http://bree.gov.au/publications/energy/index.html
mailto:vjoshi@g-tet.com
mailto:vjoshi@g-tet.com
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Figure 25: Potential electricity production from future available secondary wood products.  
Current Australian electricity consumption: 17 GWh/y.   

 

 

Figure 26: Estimated electricity generation costs of selected centralised electricity generation 
technologies in 2006. Reproduced from Energy Futures Forum (CSIRO, 2006, p.28, Fig. 15). 
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However, the introduction of the carbon tax from July 2012 will increase the 
generation costs associated with coal.  Assuming an emission rate of 1.5 t 
CO2e/MWh for brown coal and 1 t CO2e/MWh for black coal 
(http://aie.org.au/Content/NavigationMenu/Resources/EnergyData/Energy_Value_Gr
eenh.htm), a carbon tax $23/t CO2e would increase the cost of electricity by 
$34.5/kWh for brown coal and $23/kWh for black coal.  This would increase the total 
cost of electricity from coal to around $64-71/kWh, making wood-based electricity 
more economic. 

Electricity market 

In 2010, the wholesale electricity price was between 3.0 and 4.0 cents per kilowatt-
hour ($40 per MWh).  However, this is expected to almost double by 2014 (Schuck 
2010, Figure 27).  Retail electricity prices are considerably higher than wholesale 
prices and are higher for small businesses and remote locations (CSIRO, 2006).  
Thus, the most profitable option, especially in remote areas, may be to supplement 
an organisation’s own electricity needs rather than selling directly into the grid.   

In contrast, to the low cost paid for electricity supplied to the grid, the cost of 
electricity purchased from the grid is closer to $200/MWh.  Thus, generating 
electricity for a sawmill’s own consumption may be more economically attractive than 
selling it to the grid.  However, the electricity usage of sawmills is only 100-140 
kWh/m3 sawn timber produced (Appendix 5).  Thus the rate of electricity consumption 
for a sawmill with a throughput of around 50,000 m3/y sawn timber would be 0.6 
MWe,  which is below the 10 MWe minimum required for viable steam generation 
(Carnot Group 2007).  However, other bioenergy generation systems, which have 
lower capital costs for small scale units, such as gasification or Organic Rankine 
Cycling systems, may be economically viable. 

Co-firing of biomass with fossil fuels 

Co-firing involves burning biomass (such as wood) simultaneously with other fuels 
(such as coal or natural gas).  This allows larger scale plants to be used which tend 
to be more efficient as well as having a lower capital cost per GJ energy output.  Co-
firing has applications in the generation of electricity as well as in other industrial 
processes where process heat is required, such as in brickworks and industrial food 
processing. 

There are a number of technological issues associated with the co-firing of woody 
biomass and not all existing combustion systems lend themselves to be retro-fitted 
with biomass co-firing systems.  Similarly, not all available biomass is suitable for co-
firing.  For example, radiata pine bark, is generally considered unsuitable for co-firing 
because it is light, making it difficult to handle and contain, and spongy, making it 
difficult to break up in preparation for burning. 

The co-firing of woody biomass with coal has been extensively studied and the CRC 
for Coal in Sustainable Development has released a reference ‘Coal-biomass co-
firing handbook 2007’. Dix (2010) discussed the current barriers to biomass co-firing 
in Queensland. 

 

http://aie.org.au/Content/NavigationMenu/Resources/EnergyData/Energy_Value_Greenh.htm
http://aie.org.au/Content/NavigationMenu/Resources/EnergyData/Energy_Value_Greenh.htm
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Figure 27: Current (as of 5
th

 Nov 2010) and expected future wholesale electricity prices to 2014.   
Reproduced with permission from Schuck (2010: Bioenergy Australia Conference). 

 

Delta Electricity trialled low-level (1% to 2%) co-firing of woody biomass with coal at 
the Wallerawang Power Station between 2001 and 2009.  In 2009 co-firing ceased 
because the REC price was too low to make it economic.  Delta is now considering 
options for co-firing woody biomass to replace 20% of the 2.5 million tonnes of coal 
consumed in the 1,000 MW plant.  This would require around 1.3 million green 
tonnes of biomass per year (Chris Horner8, personal communication).  International 
Power also trialled the co-firing of woody waste at Hazelwood Power Station in 2005.   

Combined heat and power (CHP) – co-generation 

Combined heat and power utilises the waste energy from electricity production for 
heating (or cooling).  Electricity generation has a relatively low energy efficiency (15-
45%).  As a result a large amount of waste heat is produced in the form of used 
steam from turbines.  While the energy content of this steam may be too low to 
generate electricity using conventional means, it can be used for process heat 
requirements.  In addition, Organic Rankine Cycle systems may also allow electricity 
to be generated from lower grade heat improving the overall efficiency of electricity 
production. 

By making use of the waste heat produced from generation of electricity from 
biomass, companies can boost energy efficiency while, at the same time, reducing 
greenhouse gas emissions.  For example, a sawmill producing 25,000 m3e/y wood 
residues could generate around 17 GWh/y electricity with an energy efficiency of 
30%.  However, if the waste steam was used to heat kilns in preference to natural 
gas, the overall energy efficiency could be increased to over 80%. 

  

                                            

8 Chris Horner, General Manager, Munmorah Power Station, Delta Electricity. 
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Renewable Energy Certificates (RECs) 

Renewable Energy Certificates (RECs) are the mechanism used by the Federal 
Government to encourage the use of renewable energy (i.e. wind, solar, bioenergy 
etc.) primarily for electricity production. 

One REC represents one megawatt-hour (MWh) of electricity generated by 
‘renewable’ means, as defined under the regulations for the Renewable Energy 
(Electricity) Act, 2000.  The Australian Government has implemented a target of 20% 
of total electricity production to be sourced from renewable energy by 2020.  To 
ensure this target is met, the Government committed in 2009 that the MRET 
(Mandatory Renewable Energy Target) would increase from 9.5 terawatt-hours 
(TWh)9 to 45 TWh by 2020.  Subsequently, in 2010, the Government passed 
legislation to split the MRET into two parts, the Large-scale Renewable Energy 
Target (LRET) and the Small-scale Renewable Energy Scheme (SRES, 
http://www.climatechange.gov.au/government/initiatives/renewable-target.aspx).   

The SRES (available for small-scale solar photovoltaic, small wind turbines and micro 
hydroelectric systems) provides a baseline price of $40/MWh (with additional financial 
incentives for small rooftop solar generation).  The LRET has set mandatory targets 
for large scale renewable energy production increasing from 10.4 TWh in 2011 to 41 
TWh by 2020.  Together the two schemes are expected to supply in excess of the 
original 45 TWh previously committed to by 2020.  

RECs cannot be granted for bioenergy in the form of process heat (although they are 
available for solar hot water systems).  Thus, they cannot be used to subsidize the 
cost of using sawmill residues for providing energy for running kilns.  Further, under 
new draft legislation any bioenergy derived from native forest biomass will be 
ineligible to receive RECs http://www.cleanenergyfuture.gov.au/forest-activities/).  
While, the legislation does not prohibit the use of native forest biomass for energy 
production, this will remove any incentive the RET might provide for using residues 
from wood sourced from native forests (potentially including by-products from 
sawmills and pulpmills).   

Market for RECs 

As a result of the splitting of the MRET into the LRET and SRES, RECs have now 
been reclassified as either LGCs (Large Generator Certificates) or STCs (Small 
Technology Certificates).  Both types of certificates can be bought, sold or 
surrendered.  Large electricity producers must surrender a number of LGCs or STCs 
at the end of each calendar year each year to meet their obligations under the LRET 
scheme.  The number of certificates required is based on the proportion of electricity, 
above the baseline, required to be from renewable sources.  This proportion is 
currently around 5% and will increase to 20% by 2020.  These certificates can either 
be created by generation of renewable electricity or bought on the open market.  
Here we use the term REC to refer to both LCGs and STCs. 

LGCs can only be issued to accredited power stations while STCs can be only issued 
to households or agents installing eligible small-scale renewable energy technology.  
The main focus of the latter has been on solar electric, solar hot water, wind, heat 

                                            

9 TWh: terra-watt-hour = 1,000 GWh, 1,000,000 MWh, 1,000,000,000 kWh 

http://www.climatechange.gov.au/government/initiatives/renewable-target.aspx
http://www.cleanenergyfuture.gov.au/forest-activities/
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pump and hydro-electric systems.  No bioenergy systems have so far been included 
on the SGC registry (http://ret.cleanenergyregulator.gov.au/Forms-and-
Publications/Publications/REC-Registry/).    

An effective upper limit to the REC price is set by the penalty imposed if insufficient 
certificates are available.  In 2010, this penalty was increased from $40 to $65 and, 
as the fine is not tax deductable, the actual value could be up to $93 
(http://localpower.net.au/recs.htm). 

In 2009, the total amount of renewable electricity produced was 22 TWh or 7.7% of 
the total national electricity production.  In the same year, 5 million RECs were 
surrendered (equivalent to the total amount of renewable energy produced above the 
2000 baseline – 17 TWh).  The 2012 target is for 16 million LGCs to be surrendered, 
ramping up to 41 million LGCs by 2020 (Figure 28).  

 

 

Figure 28: Large Scale Renewable Energy Target (LRET) for the years 2011to 2020 (data from 
http://www.climatechange.gov.au/en/government/initiatives/renewable-target/fs-enhanced-
ret.aspx). 
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http://www.climatechange.gov.au/en/government/initiatives/renewable-target/fs-enhanced-ret.aspx
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The renewable energy market is strongly influenced by Government Policy and can 
be highly volatile.  For example, the market value for RECs collapsed from $40–$60 
per MWh to around $26 per MWh when Government widened eligibility criteria to 
include heat pumps and coal seam gas as well as introducing the solar credits 
scheme which effectively multiplied the number of credits generated from rooftop 
solar systems by a factor of five.   

Some of these distortions have now been removed.  Coal seam gas has now been 
excluded from the MRET, heat pumps will be ineligible to receive STCs across most 
of Australia from 31st October 2012 and the solar credit multiplier has been reduced 
and will cease altogether as of 1st July 2013.  In addition, the ‘fine’ for non-surrender 
has increased from $40 to $65 per MWh (equivalent to around $93 per MWh to a 
payee due to its non-tax-deductibility).  This effectively set the ceiling price for RECs 
at $93 per MWh.  As a result, the REC price has climbed back to around $30-$40. 

Effect of REC price on economics of bio-electricity production 

The effect of the price of RECs on the economic viability of producing bio-electricity 
from wood residues can be modelled, based on the estimated cost for a sawmill 
generating electricity that is sold into the grid. 

The capital cost of a 10 MWe steam turbine bio-electricity plant is estimated to be 
around $30 million (Carnot Group, 2007).  This implies a capital cost of around 
$47/MWh based on the following assumptions (see Appendix 8 for calculations): 

 Lifespan: 30 years 

 Discount rate: 12% 

 Operation: 8,000 hrs/y 

 

Figure 29: Comparison between the cost of bio-electricity production and wholesale grid price 
for varying LSCs values (Large Scale Credits) showing current value of $30/MWh. 
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The average operating cost of such a plant is estimated to be around $37/MWh.  
Thus, the total cost, per MWh electricity production, for a sawmill using wood 
residues is estimated to be around $83.  This figure is similar to an estimate from 
CSIRO (2006) of $88/MWh.  Thus, the cost of producing electricity from sawmill 
biomass appears to be more than double the current wholesale grid price ($35-
40/MWh).  To make bioenergy production profitable, the value of LGCs generated 
may have to be around $40-$45/MWh (Figure 29).   

Potential production of RECs from Wood By-Products 

In 2008-09, electricity generated from wood waste contributed 0.49 TWh, or 0.7% of 
the total renewable electricity generated (equivalent to 0.05% of Australia’s electricity 
consumption).  There is an expectation that most of the additional renewable energy 
required will come from wind.  ABARES predicts that by 2030 wind-electricity 
production will increase from 4 TWh in 2007-08 to 44 TWh in 2029-30, while bio-
electricity will only increase from 2 TWh to 3 TWh (Syed et al. 2010).   

However, around 14 TWh electricity (equivalent to 14 million RECs) could be 
generated from eligible wood residues including plantation harvest residues, sawmill 
residues and exported plantation pulplogs, but excluding native forest pulplogs or 
processing residues.  This figure represents almost 50% of the total additional LGCs 
required by 2020.   
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Liquid fuels 

A wide range of liquid bio-based fuels, including: syndiesel, bioethanol, methanol, 
and industrial bio-oil can be produced from conversion of woody biomass (Figure 30). 

The various pathways for conversion of woody biomass to liquid fuels can be divided 
into a number of groups including: 

 hydrolysis + fermentation: breaking wood into its component sugars which are 
then converted to ethanol by microbes, 

 anaerobic digestion + biogas upgrading: conversion of biomass to biogas by 
microbes under anaerobic conditions followed by conversion of the biogas into 
liquid fuel, 

 gasification + liquification: production of syngas from biomass which can then 
converted to methanol, ethanol of synthetic petrol or diesel, and 

 pyrolysis: heating of biomass in low oxygen conditions to produce pyrolysis oil 
that can then be upgraded into liquid fuel. 

Biomass derived fuels are known as second generation fuels because, unlike 
conventional biofuel derived from oil seeds, sugarcane or grain, they are not 
produced from cellulose (i.e. plant fibres) rather than sugars or starch.  Thus, they do 
not complete directly with food production.  However, they require more sophisticated 
processing to produce. 

Australia currently has the capacity to produce 330 megalitres per year of fuel 
ethanol, and 180 megalitres of biodiesel, mostly from oilseeds, sugarcane and waste 
flour and grain (ABARE 2010 – see Appendix 10).  However, there are no major 
suppliers of biofuel derived from biomass in Australia and very few suppliers 
internationally.   

 

 

Figure 30: Pathways for the production of biofuels from woody biomass. (Reproduced from: 
Bauen et al., 2010). 
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In this report we consider conversion of secondary wood products to syndiesel and 
ethanol only.  Although pyrolysis oils can also be produced from woody feedstocks, 
they currently present significant challenges in terms of their suitability as fuels.  This 
is because they typically have a high content of water, solids and acids and require 
substantial upgrading in order to meet fossil fuel specifications 
(http://www.dynamotive.com/2010/06/30/dynamotive-and-ifp-co-operate-in-pyrolysis-
oil-upgrading/ – January 2011).   

Future Market for Biofuels 

There is evidence that rates of oil production from many of the world’s major oil fields 
have already peaked or are close to peaking (see Appendix 11).  At the same time 
global oil consumption has been increasing in developing countries (especially China 
and India) although it has remained fairly constant in developed countries over the 
past 3 years.  The International Energy Agency forecasts that, in the absence of 
major new oil discoveries, there could be a tightening in oil supply, potentially leading 
to a major oil crunch by 2015-16 (IEA 2009).  Biofuels provide one of the few options 
for substituting renewable energy forms for declining fossil fuel supplies and any 
increase in oil price is expected to provide opportunities for their substitution. 

CSIRO (2008a) analysed the effects on prices and economic growth of a variety of 
scenarios involving the peaking of world oil production in 2010 followed by different 
rates of decline in production and technological responses.  This analysis indicated 
that Australian petrol prices could potentially rise to $2.80-$8.20 by 2017 (Figure 31). 

 
Figure 31: Comparison of petrol impacts for different rates of post peak-oil decline in oil 
production and slow, moderate and fast technology and infrastructure responses.  Reproduced 
from CSIRO (2008a, Figure 14, p. 31). 

 

 

http://www.dynamotive.com/2010/06/30/dynamotive-and-ifp-co-operate-in-pyrolysis-oil-upgrading/
http://www.dynamotive.com/2010/06/30/dynamotive-and-ifp-co-operate-in-pyrolysis-oil-upgrading/
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An important potential market for biofuels is the aviation industry.  Recently, a 
consortium of major airlines, aircraft manufacturers and energy companies agreed 
that the industry needed a substitute for petroleum based fuel to reduce emissions 
and improve energy security (CSIRO 2011).  The only alternative fuel that could meet 
the various technical, environmental and economic challenges was biofuel derived 
from non-food biomass.  It was estimated that biomass resources from the 
Australia/New Zealand region could potentially supply 40% of total aviation fuel 
needs for the region (54.4 GL/y) by 2020. 

The following sections describe some bio-based fuels and discuss their production 
and potential use. 

Bioethanol 

Bioethanol can be produced via either fermentation or gasification.  Fermentation of 
woody biomass involves breaking down biomass into simple sugars, fermenting the 
sugars to produce ethanol and separation of ethanol from the remaining material 
through distillation, or micro-filtration.  The lignin from the biomass, which cannot be 
readily converted to ethanol, can be burnt to supply energy for the process.   

In the gasification approach, cleaned syngas is passed into a water filled bioreactor 
where microbes convert the gas into fuel-grade ethanol which is then separated from 
the water.  Coskata, which is currently marketing this approach, claims that the yield 
is 380 L/t biomass (dry weight, http://www.coskata.com/process/). 

The energy content of ethanol is 21.2 MJ/L.  If it is assumed that around 340 L 
ethanol can be produced from every dry tonne) biomass, 1 m3e green softwood 
chips, could theoretically produce around 150 litres of bioethanol.  

Potential production of bioethanol 

Total potential Australian production of bioethanol from future available biomass from 
forests and wood processing is around 4,700 ML/y (Figure 32).  This figure is 
equivalent to around 25% of Australia’s current petrol consumption on a volume 
basis or 16% on an energy equivalent basis. 

Market for bioethanol 

Australia currently consumes 19 gigalitres (19 billion litres) of automotive gasoline, 
and 6 gigalitres of jet fuel annually (ABARE, 2010 – see Appendix 10).  Bioethanol 
can be substituted for petroleum in most existing automotive engines.  However, the 
energy content of ethanol is only 60% of that of petrol (34 MJ/L). 

The NSW State Government has mandated that 6% of all petrol sold in the state is 
ethanol as of 1st October 2011.  This mandate will increase the demand for ethanol in 
NSW to 360 ML/y (Table 10).  Other Australian states currently have no mandated 
requirements for biofuels.  However, if the NSW biofuel mandates were adopted 
nationwide, the total demand for ethanol would be 1,120 ML/y, or over three times 
the existing national production capacity.  This increased demand could be 
theoretically met through conversion of 5 million m3e/y of woody biomass. 

 

 

http://www.coskata.com/process/
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Table 10: Current and expected future demand for biodiesel and bioethanol in NSW, under the 
NSW Biofuels Act (2007), and potential demand for whole of Australia, if NSW biofuel mandates 
were adopted nationwide showing indicative amount of biomass required. 

 
1
Average LHV of available softwood and hardwood biomass 

2
Hall and Jack (2008)  

3
Assuming a LHV of 7.5 GJ/m

3
 

4
Assuming NSW biofuel mandates adopted Australia wide 

 

 

Figure 32: Potential production of ethanol from future available secondary wood products. 
Total production estimated to be 4,700 ML/y (100 PJ/y). 
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Biodiesel and Syndiesel 

Traditionally, biodiesel has been manufactured from fats and oils via trans-
esterification (the reaction with an alcohol to produce an ester which has lower 
viscosity and boiling point compared with the biodiesel).  Current Australian biodiesel 
production capacity is around 180 ML/y (ABARE 2010, Table 25).  Feedstocks 
mainly include a range of vegetable oils and animal fats.  The limited availability of 
low priced feedstocks led to the closure of several biodiesel plants in 2008. 

Syndiesel is identical to petroleum based diesel except that it is produced via thermo-
chemical conversion of biomass.  Manufacture of syndiesel from ligno-cellulosic 
biomass (i.e. plant fibre) is more complicated than the production of biodiesel from 
vegetable oil or animal fats.  The biomass is first gasified and the gas is reacted to 
high temperature and pressure in the presence of a catalyst to produce the 
hydrocarbons that comprise petrol and diesel.  The gasification step required for 
syndiesel production requires greater control of products and impurities than that 
used to produce syngas for burning for electricity production (Enecon 2007). 

The conversion efficiency of energy in woody biomass to syndiesel is estimated to be 
around 59% (Hall and Jack 2008).  The energy content of diesel is 38.6 MJ/L.  Thus, 
1 m3e of green wood with a LHV of 8.1 GJ/m3e could produce around 120 ML 
syndiesel.   

Potential production  

Total potential Australian production of syndiesel from all available material including 
plantation harvest residues, sawmill by-products and exported fibre logs is around 
3,200 ML/y.  This is equivalent to around 17% of Australia’s current automotive diesel 
consumption (Figure 33). 

 

Figure 33: Potential production of syndiesel from future available secondary wood products.  
Total production estimated to be 3,200 ML/y or 17% of current diesel consumption.  
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Market for biodiesel 

Australian demand for automotive diesel in 2008-09 was 18.5 gigalitres per year. 
(18,500 million litres per year, ABARE 2010: Energy in Australia – Appendix 10). 

Biodiesel produced from the trans-esterification of vegetable oil or animal fat has a 
calorific value around 8.6% lower than conventional diesel. Thus, 1.09 litres of 
biodiesel are required to substitute for one litre of conventional diesel.  Syndiesel, on 
the other hand, has the same energy content as fossil-fuel diesel. 

In NSW, the Biofuel’s Act 2007 reqires that biodiesel makes up 2% of the volume of 
all diesel sold.  A planned increase to 5% has been deferred due to insufficient local 
supply (www.biofuels.nsw.gov.au).  This mandate would have increased the demand 
for biodiesel from around 80 ML/y currently, to 200 ML/y (Table 10).  Other Australian 
states currently have no mandated requirements for biofuels.  However, if a 5% 
biodiesel mandate was adopted nationwide, the total demand for biodiesel would be 
in the order of 930 ML/y, or over five times the existing production capacity.  This 
increased demand could be theoretically met through conversion of an additional 
6,100 million m3e/y of woody biomass to biofuel. 

In the event of a tightening of oil supply and demand of crude oil, it is expected that 
the price of diesel, like petrol, will increase substantially.  Further, unlike petrol, which 
is used mainly for urban travel, diesel is mostly used for freight transport.  Thus, it 
may be more difficult to substitute with alternatives such as electric or gas powered 
vehicles making biodiesel or syndiesel a potentially attractive option. 

  

http://www.biofuels.nsw.gov.au/
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Biorefinery for chemical feedstocks 

Like crude oil, biomass can be made into many things, including numerous chemical-
process pre-cursors (Figure 34).  The range of potential products includes: 

 industrial: corrosion inhibitors, gas purification, lubricants; 

 transportation: fuels, anti-freeze, plastics, rubber; 

 textiles: carpets, fabrics, foam, lycra; 

 food supply: packaging, preservatives, fertilizers, pesticides, bottles; 

 environment: water chemicals, flocculants, chelators, detergents;   

 communication: plastics, optical fibre coatings, LCDs, inks, dyes, paper 

 housing: paints, resins, cements, varnishes, flame retardants, adhesives; 

 recreation: footwear, wet suits, CDs, DVDs, boats; and 

 health: cosmetics, pharmaceuticals, medical/dental products, disinfectants.  

Possibly, around 85% of plastic currently consumed in Australia could be 
manufactured from biomass feedstocks.  The pathways of biomass to chemical 
conversion are largely well understood, but are not widely used commercially 
because the products are more expensive than the same products made from fossil 
fuels. It has been suggested that biomass biorefineries might require around two 
million cubic metre equivalents (one million oven-dry tonnes of biomass) per year. 
Mackay et al. (2009) summarised some issues surrounding biomass-to-chemical 
refining: 

 new technologies are unproven, technologically and economically, 

 biomass must be sourced over a wide area, 

 moisture content of biomass can be too high, and may necessitate drying, 

 biomass supply is uncertain compared to other sources such as coal, and 
seasonality and other factors may cause variation in supply, and 

 transportation and storage of biomass may be problematic. 
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Figure 34: Biomass can be made into almost anything. Reproduced from U.S. Department of Energy (2004, Figure 3, p.18). 
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Carbon Storage in Biomass 

Australia’s net reportable greenhouse emissions for 2009 were 600 million tonnes of 
carbon dioxide equivalents (CO2e, DCCEE 2011).  The commitment under the Kyoto 
Protocol is to limit total net accountable emissions to around 600 million tonnes of 
CO2e per year over the five-year period from 2008-2012.  Options to meet this 
commitment include: buying verified carbon permits from other countries, carbon 
sequestration and reducing amounts of greenhouse gasses emitted. 

Net (reportable) emissions are the sum of (reportable) greenhouse gas emissions 
less the sum of (reportable) carbon offsets (for carbon shown to be taken out of the 
system).  Emphasis is on ‘reportable’, as significant sinks and sources of emissions 
in Australia are not included in Kyoto reports even though they are still included in the 
National Accounts.  These include net emissions from native forest (excluding land 
clearing which is reported), croplands, grazing lands, and wetlands. 

The Department of Climate Change currently reports all emissions associated with 
forests and plantations in the National Greenhouse Accounts as required by the 
United Nations Framework Convention on Climate Change (DCCEE, 2011).  Thus, 
net emissions associated with timber harvesting, fire and management are modelled 
for both native forests and plantations. 

Australia did not sign up for ‘Forest Management’ under Article 3.4 of the Kyoto 
Protocol.  Thus, emissions associated with changes in forest management are 
excluded from Australia’s Kyoto Target and only those emissions associated with 
afforestation, deforestation or reforestation are included.  Further, only carbon 
sequestered in forests established on previously cleared land post-1990 are included 
in this target (http://unfccc.int/methods_and_science/lulucf/items/4129.php).   

Carbon stored in plantations established on land that was not forested prior to 1990 
is subtracted from total GHG emissions, while carbon emitted from areas of forest 
that are permanently cleared is added to GHG emissions.  Under an emissions 
trading scheme or carbon price, this change in GHG emissions has a real value or 
cost.  This value may be realised by the forest owner if new areas are planted, or 
may represent a liability if areas are permanently cleared.  For forests established 
prior to 1990, or forests for which carbon credits have already been sold, the cost of 
carbon losses associated with clearing must be borne by the owner. 

The Clean Energy Development Initiative 

In August 2011, the Federal Government passed the Clean Energy legislation.  The 
aim of this legislation is to reduce Australia’s GHG emissions by putting a price on 
GHG emissions, subsiding renewable energy, increasing energy efficiency and 
creating opportunities for carbon sequestration in the land sector (Commonwealth of 
Australia 2011). 

As of 1st July 2012, all GHG emissions from large emitters (those with direct 
emissions of 25,000 t CO2e or more) will be taxed at a rate of $23/t CO2e increasing 
5% per year until 2015, when it will be set at the prevailing market rate.  After this 
date, they will need to purchase emission permits, either locally or from overseas, 
with the total number of permits created locally based on the cap set for Australia’s 
emissions.  The tax and permits will apply to most large coal and gas fired power 

http://unfccc.int/methods_and_science/lulucf/items/4129.php
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stations, domestic shipping and aviation, major sellers of liquid and gaseous fuels not 
used for transport and operators of large landfills.  

As renewable energy produces few GHG emissions, it will generally not be subject to 
the tax and its competitiveness with carbon intensive energy sources such as coal, 
oil and gas will be improved.  Thus, the use of wood residues for bioenergy will 
become more financially attractive.  To further encourage renewable energy, the 
Federal Government will provide $10 billion for commercialisation and deployment of 
renewable energy technologies and a further $3.2 for research and development. 

Potential storage of carbon in biomass 

The amount of current available biomass is around 16 million m3e.  This is expected 
to increase to 28 million m3/y in future.  The amount of carbon stored in woody 
biomass is equivalent to around 0.9 tonnes of CO2e per m3e.  Thus, for a carbon 
price of $23/t CO2e, the value of the carbon stored in wood is around $21/m3e. 

In theory, if the carbon stored in biomass could be sequestered permanently (i.e. 
prevented from being realised back to the atmosphere through burning or decay), it 
could be used to generate carbon credits which could then be sold and the money 
invested.  However, if the carbon in the biomass was released, the carbon credits 
would need to be bought back.  Under the Clean Energy legislation, the price of 
carbon credits will increase by 2.5% per year plus inflation, which is roughly 
equivalent to the current cash interest rate.  Thus, the liability associated with selling 
carbon credits will increase at a similar rate to the value of any money earned, 
making it difficult to profit from creating and selling carbon credits and buying them 
back again. 

If the carbon stored in all forest and sawmill residues and pulplogs could be stored 
permanently, a total of 15 million t CO2e/y could be sequestered from current 
production, increasing to 24 million t CO2e/y in future (Figure 35).  If this biomass was 
eligible to receive carbon permits valued at $23/t, its total value would be around 
$340 million/y, now, increasing to $560 million/y in future. 

Market for carbon credits 

After July 1st 2015, the price of carbon credits will be set by the market.  Since 
Australian companies will be able to purchase a proportion of their permits from 
overseas, the international price of carbon permits will have a strong influence on the 
value of Australian permits.  Thus, the value of carbon credits may rise or fall.  
However, to provide increased market certainty, the Government has set a floor price 
of $15 which will increase gradually each year. 

The Australian Government has committed to an unconditional 5 per cent reduction 
in GHG emissions relative to 2000 levels by 2020.  This will increase to 15 per cent in 
the event of an international agreement in which major economies agree to 
substantially restrain carbon pollution and advanced economies take on reductions 
comparable to Australia; or 25 per cent, if there is global action capable of stabilising 
greenhouse gases at 450 parts per million or lower (DCCEE 2010, p.7). 
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Figure 35: Potential value of carbon stored in future available biomass from forest and sawmill 
residues and exported pulplogs, (assuming that the carbon can be stored permanently and the 
biomass streams are eligible to receive carbon permits).  Total potential value: $585 million/y. 

 

Treasury modelling indicates that, even for a less ambitious global target for 
atmospheric CO2 of 550 ppm by 2050, Australia will need to purchase a large 
number of emissions permits from overseas to fulfil its commitments (Appendix 12 - 
Commonwealth of Australia 2011b).  The number of permits purchased is expected 
to increase over time, reaching 434 million t CO2e/y by 2050 (equivalent to ~70% of 
Australia’s emissions for 2010).  Under this scenario, the estimated global price of 
carbon permits is expected to increase, in real terms, from $29/t CO2e in 2020 to 
around $131/t CO2e by 2050.  Thus, it is expected that there should be a strong and 
increasing demand for carbon permits.  
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Biochar 

Biochar is charcoal made by partial combustion of biomass in conditions of restricted 
oxygen. The manufacture of charcoal from biomass such as wood in this way is an 
age-old process.  Biochar is also produced as a by-product of more advanced 
pyrolysis processes in which combustible gasses are captured leaving the char 
behind. 

Chemical and physical properties of bio-chars vary greatly depending on feedstock 
and production process.  CSIRO has reviewed the production, characteristics and 
use of biochars (Sohi et al. 2009).  Bio-char products have been classified as follows: 

 char: solid product from the combustion of any natural or synthetic organic 
material; 

 charcoal: produced in traditional kilns at 450-500oC from wood and related 
organic materials; mainly for use as a fuel but also as a soil amendment or for 
odour control; 

 activated carbon: manufactured by heating carbonaceous material (including 
coal) at a high temperature (> 500oC) for 10 hours or more and characterised 
by a very high absorptive capacity; used in water filtration and absorption of 
solid, liquid or gaseous contaminants; and 

 black carbon: a generic term used to describe any substance that has been 
carbonized though thermal decomposition. 

Although biochar can include any of the above materials, it typically refers to char 
produced as a result of slow or fast pyrolysis of biomass.  

Uses 

Biochars have three main uses: 

1. They can be added to soil to improve plant growth by: 
o directly modifying soil chemistry or microbial processes, or 
o providing chemically active surfaces that modify nutrient dynamics, or 
o modifying the physical characteristics of soil to improve nutrient or 

water retention or root growth. 
2. They can act as a long-term store of sequestered atmospheric CO2. Bio-char 

is relatively inert can store carbon in soil for 100-10,000 years. One tonne 
biochar stores the equivalent of 3.1 tonnes of CO2 (based on a carbon content 
of 85%, Sohi 2009). 

3. They may reduce the emission of nitrous oxide, which is a potent GHG, by 
improving soil nitrogen retention. 

Although many studies demonstrate substantial benefits of biochar on crop growth, a 
number show little or no benefit and some show negative effects on productivity 
(Sohi 2009).  The effects are likely to be influenced by the production process as well 
as the type and characteristics of the feedstock used and the properties of the soil to 
which the biochar is applied.  For example, bio-char produced from chicken litter 
tends to be high in nitrogen and thus can boost productivity, but may have a relatively 
short lifespan in soil (Francis 2012).  In contrast, biochar produced from wood (which 
has a far lower nutrient content) may remain stable for longer periods in soil, but may 
have little or no effect on plant growth.   
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Because of the small scale, short term nature of published studies combined with 
lack of methodological consistency Sohi (2009 p. 33) states that  

‘It is not therefore possible at this stage to draw any quantitative conclusion, certainly 
not to project or compare the impact of a particular one-time addition of biochar on 
long-term crop yield.’ 

Some biochars may have significant toxicity issues (Sohi 2009).  These issues may 
at least partly be associated with non-ideal production processes where combustion 
is not consistent. 

Biochar yield 

Typical yields of biochar from traditional production methods using plantation 
residues range from 24-28% with carbon contents ranging from 76%-89% (Sohi et al. 
2009).  Yields from gasification (>800oC) are around 10%, while yields from slow 
pyrolysis may be up to 35%.  Thus, 1 m3e of biomass with a density of 500 kg/m 3 
(ODW) might yield up to 0.17 t biochar. 

A significant strength of sawmill and plantation biomass as a feedstock for biochar is 
purity.  Municipal wastes have impurity issues that make them less attractive as 
feedstocks for biochar that will be incorporated into agricultural soils. 

Potential production of biochar 

The potential amount of biochar that could be produced in future from all available 
future plantation and sawmill residues and exported fibre logs is around 4.7 million t/y 
(Figure 36).  This is equivalent to around 17 million t/y CO2e. 

 

 

Figure 36: Potential amount of biochar that could be produced from future available biomass 
from plantation and sawmill residues and exported pulplogs.  Total: 4.7 million t/y. 

sof twood forest 
residues 710

sof twood f ibre-
logs 410

sof twood 
sawmill 

residues 270

plantation 
hardwood forest 

residues 800

plantation 
hardwood f ibre-

logs 1600

native 
hardwood f ibre-

logs 720

hardwood 
sawmill 

residues 180

Potential production of biochar from future available 
biomass (million tonnes per year)



   63 

 

Potential market 

Typical rates of biochar used in crop experiments range from 0.5 t/ha to over 100 
t/ha.  If it is assumed that biochar could be applied at a rate of 0.5 t/ha every 5 years 
across 20% of the total area of cropland (30 million ha, Gavran et al. 2010), then a 
total of around 0.6 million t/y would be required.  Assuming a conversion efficiency of 
0.13 t biochar for every m3e wood processed, this would require around 4.6 million 
m3e/y wood residues. 

Conversion cost of biochar 

Biochar can be produced in China for under US $200 per tonne (International 
Biochar Initiative, 2011).  The installed cost of pyrolysis equipment in Australia is $15 
million per 100,000 tonnes of biomass (ODW, Joe Herbertson10, personal 
communication).  Based on a conversion rate for biochar production of 35%, this 
would be equivalent to around $430/t biochar, excluding feedstock, distribution and 
financing costs.  If the cost of delivered wood was $10/m3, then feedstock cost alone 
would be around $60/t.  Thus, the cost of biochar may be over $500/t 

Value of biochar 

The current cost of biochar is around $5,000 per tonne; however, this is artificially 
high due to the current lack of availability.  Based on a carbon price of $23/t CO2e, 
the greenhouse gas storage value of biochar is around $70 per tonne of biochar 
(assuming a carbon content of 85%). 

If biochar reduces the need for fertiliser then this could save money.  Fertiliser costs 
around $500 per tonne.  If it is assumed that the normal rate of fertiliser application is 
0.5 t/ha/y costing $250/ha/y, application is once every 5 years, and that application of 
0.5 t/ha biochar will reduce fertiliser requirements by 20%, then total fertiliser cost will 
be reduced by $50/ha/y.  Over 5 years, the value of the biochar would be equivalent 
to around $250/t. 

More information 

International Biochar Initiative: www.biochar-international.org 

Australian Journal of Soil Research, Volume 48 Number 6 & 7 2010, Proceedings 
from the 1st Asia-Pacific Biochar Conference, 2009, Gold Coast, Australia: 
www.publish.csiro.au/nid/85/issue/5422.htm 

Black is Green Pty Ltd, Australian designers of mobile pyrolysis equipment for Waste 
Management, Energy from waste, biochar and charcoal from waste and torrefied 
fuels: www.bigchar.com.au 

Pacific Pyrolysis and AgricharTM, Grafton: www.pacificpyrolysis.com 

AnthroTerra, Sydney: www.anthroterra.com.au 

  

                                            

10 Dr Joe Herbertson, Crucible Carbon Pty Ltd, Newcastle. 

http://www.biochar-international.org/
http://www.publish.csiro.au/nid/85/issue/5422.htm
http://www.bigchar.com.au/
http://www.pacificpyrolysis.com/
http://www.anthroterra.com.au/


   64 

 

Woodchips, pulp and paper 

Woodchips are the first intermediate product in the production of pulp, paper, 
particleboard or MDF from logs.  Woodchip size specifications are set to allow 
optimum and uniform penetration of the digester pulping liquor into the wood and to 
ensure uniform grinding in mechanical pulping systems. 

Only chips from pulplogs and green chips from sawmills and veneer mills are suitable 
for paper manufacture, or export.  Harvest residues (i.e. branches, bark, stumps), 
sawdust and sawmill shavings are not suitable.  Woodchips from dry sawmill 
dockings can be used in paper production but are not preferred because they tend to 
float in the pulping digester and infiltration of pulping chemicals is less effective.   

The production of one tonne of paper requires around 2 tonnes (ODW) or around 4 
m3e of wood under the Kraft process.  Thus, replacement of imported pulp and paper 
would require around 8 million m3e pulplogs and woodchips in addition to that 
processed currently. 

Woodchips are also used directly as biomass for bioenergy production or for co-firing 
with coal in power stations in Europe and North America.  They may be a cheaper 
fuel source than fuel pellets because they require less pre-processing.  However, 
pellets can also be manufactured from forest by-products such as branches, bark 
and sawdust that cannot be chipped. 

Supply and demand of pulp and paper 

In 2008-09, Australia manufactured 3.3 million tonnes of paper products, exported 
0.8 million tonnes, and imported 1.7 million tonnes (ABARES 2011).  Imports 
included of 1.1 million tonnes of printing and writing paper and 0.2 million tonnes of 
newsprint (about 75% from New Zealand).  In addition, around 340,000 tonnes 
(ODW) of chemical pulp was imported into Australia in 2008-09. 

The demand for paper products in Australia has changed over time as shown in  

Table 11).  The total amount of paper products consumed increased by 16% from 
2000-01 to 2008-09.  This was largely due to population growth as per capita 
consumption remained about the same over the period (~0.19 t/y).  However, per 
capita consumption of individual products has varied as follows: 

 consumption of newsprint decreased by 24%, 

 consumption of household and sanitary paper decreased by 10%, 

 consumption of packaging and industrial paper remained the same, and 

 per-capita consumption of printing and writing paper increased by 23%. 

Production of woodchips 

Total current production of woodchips from pulplogs is around 14 million m3e/y 
(ABARES 2011, 2008-09) with 9 million m3e/y exported and 3 million m3e/y  
processed domestically.  In addition, around 4 million m3e/y green chips produced by 
sawmills are also exported or used domestically (  
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Table 7).  Thus, total production of woodchips is around 18 million m3e/y.  This 
includes 6 million m3e/y native hardwood, 5 million m3e/y plantation hardwood and 7 
million m3e/y plantation softwood.   

Table 11: Australian paper consumption, production, exports and imports for 2008-09 and 
2000-01.  Wood products data from ABARES (2011), population data from ABS (2008). 

 

 

The contribution of native forest pulplogs to woodchip production has been in steady 
decline over the past decade, falling from over 8 million m3e in 2000-01 to less than 4 
million m3e in 2009-10 (ABARES 2011).  In contrast, the contribution of plantation 
hardwood pulplogs has increased from 1 million m3e/y to over 4 million m3e/y over 
the same period and could reach 9 million m3e/y over the next 10 years.  If all chips 
currently exported from hardwood and softwood plantations were used locally, there 
would be an additional 9 million m3e/y (5 million dry tonnes) available currently, 
increasing to 16 million m3e/y (8 million dry tonnes) in future (Figure 37).  Assuming a 
conversion rate of 50% dry weight for paper production, the potential amount of 
paper that could be produced from this material is around 4 million t/y. 

  

Product

production imports exports

('000 t) ('000 t) ('000 t) ('000 t) (t/p)1 ('000 t) (t/p)2

198 2 639 0.029 746 0.038

1,122 112 1,733 0.079 1,240 0.064

82 38 240 0.011 234 0.012

254 617 1,552 0.071 1,365 0.070

1,656 769 4,165 0.189 3,585 0.185

2008-09

apparent consumption apparent consumption

2000-01
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Figure 37: Potential future woodchip production in addition to that currently used by domestic 
processing industries (Total: 16.2 million t/y). 

Other Products 

Particleboard and MDF 

Australians consumed around 1.9 million cubic metres of non-plywood panel 
products in 2008-09, importing around 190,000 cubic metres (ABARE 2011, Figure 
38)).  Total consumption has increased moderately over the last decade rising from 
1.5 million m3 in 2000-01. 

 

Figure 38: Australian (apparent) consumption of MDF and particle-board.  Data from ABARES 
(2011). 
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Finger jointing 

There are around 400,000 cubic metres of dry dockings produced Australia wide. 
Possibly half of this could be utilised as finger-jointed timber (some pieces have 
defects that will preclude their use, while there are losses associated with finger-
jointing).  There are around 60,000 cubic metres of termiticide-treated dry dockings, 
which currently present a disposal issue because it is difficult to gain environmental 
regulatory approval to burn termiticide-treated wood. 

Wood-plastic Composites 

Wood-plastic composites (WPC) contain plastic and wood flour (50% of weight). The 
cheaper wood flour provides fill to reduce plastic use. New products are being 
developed with oriented fibres for better structural properties. 

Wood-plastic composites have been evaluated by industry in-house.  The conclusion 
was that it is not economically viable (cement-wood composites were evaluated with 
the same conclusion). 

Wood-plastic composites are used for decking, fencing, and external joinery 
applications in direct competition with solid wood products, at a price somewhat 
between treated softwood and native hardwood (industry sources). 

Market for wood-plastic composites 

Australians consume around 100,000 cubic metres of hardwood decking and around 
70,000 cubic metres of softwood decking per year (industry estimate). The wood 
consumed in fencing is not known.  

Demand for wood-plastic composites in the USA is increasing rapidly.  Figures have 
been released showing the total value of WPCs sold increasing from US$750 million 
in 2002 to US$2.1 billion by 2004 and predicting a demand of US$ 3.5 billion by 2009 
(Maine 2007).  Rapid growth in the industry is expected with agricultural fibres such 
as straw and corn stover being used to augment or replace wood fibres. 

Examples of producers of wood-plastic composites 

http://www.china-wpc-product.com/kp-Quality-of-wood-plastic-Composite-3426.html 

http://www.perthwpc.com/ 

 

Landscaping Products and Animal Bedding 

A major use of wood residues from sawmills is in the production of landscaping 
products and animal bedding.  Bark from logs is used as mulch or composted 
together with green sawdust, chips and other materials to produce potting mix.  Dry 
shavings and sawdust are spread over the floors of piggeries and chicken farms 
while green chips and sawdust are used in livestock saleyards and dairy farms. 

No figures are available on the amount of material used.  However, it is likely that 
most bark from softwood sawmills (currently around 1.3 million m 3e/y) is sold for 
landscaping products while most dry sawdust and shavings not used for energy 
(~160,000 m 3e/’y) are used for animal bedding. 

Current market prices for these materials are probably around $10/t or $15-20 m3e. 

http://www.china-wpc-product.com/kp-Quality-of-wood-plastic-Composite-3426.html
http://www.perthwpc.com/
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CONCLUSION 

Wood By-Product Availability and Opportunities  

A large amount of wood by-products are produced in Australia.  These include forest 
harvest residues, wood processing residues, and exported pulplogs.  Some by-
products are unavailable due to the need to retain some harvest residues on-site to 
maintain soil fertility, or because of environmental concerns.  Other by-products are 
already used to produce energy or in the manufacture of other products (e.g. MDF 
and particleboard).  Altogether, around 16 million m3e by-products are estimated to 
be currently available for other uses.  This figure is expected to increase to around 28 
million m3e in future as existing hardwood plantations are harvested.    

The major future potential sources of by-products include: 

 exported hardwood plantation pulplogs: 9 million m3e 

 exported native forest pulplogs:  4 million m3e 

 exported softwood plantation pulplogs: 2 million m3e 

 hardwood plantation harvest residues: 5 million m3e 

 softwood plantation harvest residues: 4 million m3e 

 softwood sawmill residues: 2 million m3e 

 hardwood sawmill residues: 1 million m3e 

 woodchip processing residues: 1 million m3e 

Although these by-products have been identified as potentially available in this 
report, most have existing uses and value.  For example, exported woodchips may 
be worth between $150-200 per dry tonne, while sawmill residues are sold for 
landscaping purposes and animal bedding.  Thus, very little material is wasted.  
However, with increasing concern about energy security and carbon emissions from 
fossil fuels, new markets and opportunities are emerging.   

Some of these opportunities include: 

 Wood pellets for domestic use or export: 12 million t/y potential production, 

 Process heat production: 180 PJ/y potential production 

 Electricity production: 18 GWh/y (equivalent to 8% of Australia’s total 
electricity consumption) 

 Liquid fuels: 4,700 ML/y ethanol (equivalent to 16% of Australia’s annual 
petrol consumption) or 3,400 ML/y syndiesel (equivalent to 18% of annual 
diesel consumption). 

 Biochar: 4.7 million t/y biochar. 

 Woodchips, pulp and paper: 16 million m3/y (equivalent to around 8 million dry 
tonnes) woodchips which could be used to produce 4 million t/y paper. 
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What is going to change in the future 

Demand for RECs (Renewable Energy Certificates) is expected to increase: 
(from around 10 million MWh now to 41 million MWh in 2020).  The non-REC-
surrender fine (ceiling price) has recently increased (from $40 per MWh to $65 per 
MWh, which is equivalent to $93 per REC, after tax).  In the longer term, emission 
permits will replace RECs which will gradually be phased out as the emission trading 
scheme is fully developed.  14 million MWh of RECs could be generated annually 
from future available, eligible wood by-products. 

Electricity prices are expected to rise: wholesale electricity prices have been 
projected to double over the next four years.  Coal-fired electricity producers can 
produce electricity for around $40 per MWh, but must generate 20% of their energy 
from renewables by 2020.   Co-firing biomass could cost $90 per MWh electricity 
produced (Figure 26; CSIRO, 2006) which would be close to the effective ceiling 
price for RECs. 

Biofuel content in road transport fuels will increase: NSW has mandated that 
ethanol comprises 6% petrol volume as of 1 October 2011 and that biodiesel will 
comprise 5% of diesel volume when sufficient supplies become available.  While no 
other Australian states have implemented mandates yet, it would seem likely that 
they will eventually follow suit.  The NSW mandate will use Australia’s total current 
production capacity for bioethanol. If Australia adopted a 5-6% biofuel mandate 
nationally, the demand could be met by converting around 12 million m3e of woody 
biomass into biofuel. 

Fossil fuel will become scarcer: as a result of declining production in major oilfields 
and increasing demand by developing countries.  This will manifest itself in the form 
of price increases in transport fuels. Transport fuel prices could rise to (worst case) 
$8 per litre by 2018 (CSIRO 2008a). 

Energy use will become more efficient: projected future energy efficiencies range 
from 30% for electricity generation though to 50% in residential energy use. 

Cost of harvesting and transporting forest products will increase: as a result of 
increases in the cost of transport fuels.  This will increase the cost of sawlogs, 
pulplogs and exported woodchips.  

Carbon taxation is set to commence on 1 July 2012: The starting price of $23 per 
t CO2e will be increased by the Government over time until 2015, when it will be set 
by the market (with a floor price of $15/t CO2e).  Under the scheme, renewable 
energy (including bioenergy) will be more competitive with fossil fuels.   

Biomass will probably be included in greenhouse emissions trading eventually: 
Under the Carbon Farming Initiative most forestry projects will not be eligible to 
participate in creating emission credits.  These include all managed investment 
forestry schemes, most plantation schemes and many tree plantings in areas of >600 
mm rainfall.  However, in the longer term, the demand for carbon credits may result in 
a broadening of the criteria to allow the inclusion of forestry projects.   

Wood availability will increase: as a result of the rapid expansion in hardwood 
plantations from 1995-2005.  Harvest of these plantations is only just commencing 
and will result in a substantial increase in the availability of pulplogs and harvest 
residues across Australia. 
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Australia’s population is expected to rise: by perhaps 60% by 2050. Thus, if per-
capita consumption of energy is reduced by say 25% (a significant reduction) overall 
energy demand will still increase by around 20%. 

What will influence how by-products are used 

Potential utilisation options should be: 

 sensible from energy-balance and triple-bottom-line-sustainability 
(environmental, social, economic) perspectives; and 

 sensible and viable under existing and/or proposed regulatory frameworks 
such as mandatory renewable energy use, taxation, greenhouse gas 
emissions permits, and incentives. 

It is been argued that a first priority for better biomass utilisation should be to reduce 
dependence on imported forest products.  For example, net pulp and paper imports 
for 2008-09 included: newsprint $173 million; printing and writing paper $1.5 billion; 
and chemical pulp $250 million and totalled $2.3 billion (ABARE, 2011). 

However, the main driving force for utilisation options will be their effect on the 
profitability of the forest industry, from both an individual company and an industry-
wide perspective.  With the introduction of a carbon price and added incentives for 
renewable energy production, the economics of different options are changing.  In 
addition, the expected large increase in wood availability from maturing hardwood 
plantations is likely to have a major impact on the supply of wood and wood by-
products.   

Thus, a range of opportunities are now emerging which could have major impacts on 
the Australia forestry industry.  In theory, the industry should benefit from measures 
introduced to encourage low carbon industries and energy production.  However, the 
outcome will depend on the capacity of Australia’s forest industry to promote the 
benefits of wood, engage with decision makers and capture opportunities. 



   71 

 

Appendix 1: Biomass Moisture and Energy Content 
The energy content of biomass declines as the moisture content increases.  This is 
because: 

 the amount of dry biomass decreases as the amount of moisture in the sample 
increases, reducing the total amount of energy contained in the sample 
(Figure 39) and  

 the amount of energy needed to evaporate the water held in the sample 
increases as the amount of moisture in the sample increases (Figure 40). 

Dry wood has a gross energy content (higher heating value) of around 21 MJ/kg for 
softwood and 19 MJ/kg for hardwood (principally as a result of the greater energy 
content of the pine resin).  After accounting for the energy needed to evaporate water 
produced as a result of combustion of hydrogen in the wood (~1.4 GJ/t wood) the net 
heating value of oven dry wood 19.4 GJ/t for softwood and 17.4 GJ/t for hardwood. 

Green wood with a moisture content of 50% (wet basis) contains around one tonne of 
water for every tonne of biomass.  At 25oC, this water requires 2.44 GJ/t to be 
evaporated, so one tonne of biomass at 50% moisture content has a net energy 
content of around 14.9 GJ/t for softwood and 16.2 GJ/t for hardwood.  This is also 
known as the Lower Heating Value (LHV).   

The LHV also takes into account energy required to evaporate moisture already 
present in the air. Air at 20oC and 60% Relative Humidity contains around 8.7 g/kg 
water.  Combustion of wood requires around 10 kg air per kg wood.  Thus, around 87 
g water needs to be evaporated per kg wood burnt, requiring an additional ~0.2 MJ of 
energy. 

 

Figure 39: Relationships between the amount of dry biomass and water contained in a sample 
and moisture content (expressed n a wet basis). 
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Figure 40: Relationship between the net energy content (lower heating value) of the sample 
(expressed on an oven dry basis) and its moisture content, showing the amount of energy 
needed to evaporate the water held in the sample. 

 

The formulae for calculating LHV on an as received basis is: 

LHVar = (HHV– 2.44 x (8.94H/100 + MCd/100 + 10S)) x (1 – MCd / (MCd + 100))  

where:  

HHV is the gross calorific value of the wood expressed on an oven dry basis 

H is the hydrogen content of the wood expressed on an oven dry basis 
(typically ~6.4%) 

MCd is the moisture content of the wood expressed on an oven dry basis 

S is the specific humidity of air used for combustion (typically ~0.09 kg/kg 
wood)  

Thus, the Lower Heat Value of kiln dried wood (15% MC, dry basis) is about 16.6 
GJ/t for softwood and 14.8 GJ/t for hardwood, while that of green wood (100% MC, 
dry basis) is around 8.5 GJ/t for softwood and 7.5 GJ/t for hardwood (Table 1).  To 
calculate the energy content of wood on a volumetric basis (NCVV), the LHV is 
multiplied by the dry density of the wood adjusted for moisture content as follows: 

NCVV = NCVAR x Density / (1 + MCd/100) 

Usually the energy content of biomass is expressed on an “as received” basis (AR).  
This is the energy per tonne of wood including its moisture content.  Thus, the net 
energy content of green softwood as delivered is around 7.5 GJ/t, while the net 
energy content of green hardwood as delivered is around 8.1 GJ/t. 

To increase the net energy content of wood, some of the moisture can be evaporated 
prior to combustion.  This will reduce losses associated with evaporating the moisture 
which can reduce the useful energy yield of the wood by 10% or more when green 
(Figure 40).  To reduce the moisture content of wood, air, thermal or forced 
convection drying is required.  A modern thermal dryer requires 5 to 10 GJ of heat to 
evaporate one tonne of water (Carnot Group 2007). This is 2 to 4 times the energy 
used to evaporate the water during combustion (2.4 GJ/t) and so would not normally 
be economic unless the wood is very wet or dry material is required. 
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Appendix 2: Total Wood Production in Australia 
ABARES (2011) reports the total harvest of logs from Australia’s softwood and 
hardwood plantations and native forests (Table 12). 

Table 12: Total harvest of sawlogs, pulplogs and other logs from native forests and plantations 
in Australia from 1999-2000 to 2009-10.  Source: ABARES 2011. 

 
a 
Log type and volume in cubic metres as reported by growers. Excludes logs collected for firewood. 

Saw and veneer logs category includes logs for plywood. Other category includes poles, piles, fencing 
and other logs not elsewhere included. 

b
 Private broadleaved native log estimates prior to 2006-07 are based on estimates provided by state 

forest services; from 2006-07 estimates are based on ABARE's 2006-07 sawmill survey and private 
industry sources.  

c
 Includes logs for railway sleeper production.  

d
 Includes hardboard, softboard, particleboard and medium density fibreboard.  

a 

1999-00 2000-01 2001-02 2002-03 2003-04 2004–05 2005–06 2006–07 2007–08 2008–09 2009–10

’000  m3 ’000  m3 ’000  m3 ’000  m3 ’000  m3 ’000  m3 ’000  m3 ’000  m3 ’000  m3 ’000  m3 ’000  m3

b

c 3 951 3 583 3 639 3 543 3 444 3 320 3 204 2 939 2 966 2 640 2 494

d  40  14  17  19  19  22  22  21  28  20  30

 833  830  795  689  802  769  570  612  600  684  619

6 099 6 153 5 210 5 896 5 641 5 563 4 588 4 727 5 146 4 240 3 333

 171  221  170  167  184  192  191  252  201  155  140

11 094 10 802 9 831 10 314 10 090 9 866 8 575 8 551 8 940 7 739 6 617

 149  82  67  153  177  273  208  159  186  168  136

d  0  0  43  0  34  9  0  0  1  2  0

 112  77  151  281  175  184  223  268  308  269  246

 572  812  846 1 154 1 424 2 456 3 331 3 610 3 755 4 298 4 175

 6  5  4  6  9  14  17  15  19  10  7

 839  975 1 112 1 594 1 819 2 936 3 779 4 052 4 270 4 746 4 564

4 101 3 665 3 709 3 696 3 621 3 593 3 412 3 097 3 152 2 808 2 630

d  40  14  60  19  53  31  22  21  29  22  30

 945  906  946  970  977  954  793  880  908  953  866

6 671 6 965 6 057 7 051 7 065 8 019 7 920 8 337 8 901 8 537 7 508

 177  226  171  173  193  206  208  267  220  165  149

11 933 11 777 10 943 11 908 11 909 12 803 12 355 12 602 13 211 12 485 11 181

7 341 7 458 8 244 8 557 9 143 9 121 9 384 9 477 9 631 8 552 9 529

d 1 490 1 544 1 473 1 584 1 418 1 318 1 418 1 154 1 222  992  972

1 533 1 424 1 969 2 259 2 166 2 112 1 941 2 191 2 380 2 490 2 929

1 633 1 743 1 254 1 133 1 517 1 298 1 221 1 281 1 524  889  658

 478  528  415  377  343  347  415  486  400  392  349

12 475 12 697 13 356 13 911 14 589 14 196 14 379 14 590 15 157 13 314 14 436

c 11 442 11 123 11 953 12 253 12 764 12 714 12 796 12 575 12 784 11 359 12 159

12 311 12 597 11 759 13 017 13 197 13 732 13 315 13 864 14 964 13 883 12 962

d 1 530 1 558 1 533 1 603 1 471 1 349 1 440 1 176 1 251 1 014 1 002

2 477 2 331 2 916 3 230 3 143 3 066 2 735 3 071 3 288 3 443 3 794

8 304 8 708 7 311 8 184 8 583 9 317 9 141 9 618 10 425 9 426 8 166

 655  754  586  550  537  553  623  753  620  557  497

24 408 24 474 24 299 25 819 26 498 26 998 26 734 27 192 28 368 25 799 25 616
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Appendix 3: By-products from Plantations and 
Native Forests 

Softwood Plantation Harvest Residues 

Ximenes et al. (2008) provide component breakdowns for species used in Australian 
hardwood and softwood plantations and native forests.  It was assumed that the 
figures for Pinus radiata were representative of softwood plantations, Corymbia 
maculate (a smooth barked native hardwood) were representative of hardwood 
plantations (which consist mainly of E. globulus) and the average of the three native 
hardwoods (C. maculate, Eucalyptus pilularis and E. obliqua) were representative of 
native forests (Table 13). 

Table 13: Breakdown of residues for 5 timber species harvested in Australian softwood and 
hardwood plantations and native forests.  Source: Ximenes et al. (2009, Fig. 3) 

  

Description of Residues from Plantations and Native Forests 

Bark: In softwood plantations, a large proportion of softwood plantation bark is 
transported with harvested logs.  In hardwood plantations and native forests, most 
bark is removed on site prior to transport.  In this report, it was assumed that around 
35% of the bark from softwood plantations and 4% of the bark from hardwood 
plantations and native forests was transported with logs to processing facilities with 
the remainder left on site.   

Needles: Softwood plantation needles consist of live and dead needles attached to 
branches at time of harvest.  As the bulk of biomass nutrition is in the needles, they 
should probably be retained on site to maintain site productivity.  For this report, it 
was assumed that needles comprised 25% of the total dry mass of the crown with 
branches making up the remaining 75%.    

Stumps: Softwood stumps include contaminants such as soil rocks, stones and sand 
and so are unsuitable for many processing applications.  It might be possible to 
harvest stumps by cutting each stump away from the roots with excavator-mounted 
shears that cut down either side of the stump and meet underneath. 

Component
Softwood 

plantation

P. radiata
Corymbia. 

maculata

Eucalyptus 

piluaris

Eucalyptus 

obliqua
Avg.

Debarked log 64.7% 58.2% 45.5% 63.2% 55.6%

Harvest Residues

Crown 20.5% 30.1% 44.8% 24.2% 33.0%

Bark 12.6% 7.2% 7.3% 6.6% 7.0%

Stump 2.1% 4.6% 2.4% 6.0% 4.3%

Total Residues 35.2% 41.9% 54.5% 36.8% 44.4%

Native forest
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Appendix 4: Sawmill By-products 

Product Recoveries for Softwood and Hardwood sawmills 

Recovery rates for Australian softwood and hardwood sawmills have been estimated 
by CSIRO (Tucker et al. 2009) and ABARES (Burns et al. 2009).  Estimates from 
both studies are comparable (~2% difference) especially if bark is taken into account 
(Table 14).  However, only those by Tucker et al. (2009) include a complete 
breakdown of by-products (hogfuel, shavings and sawdust. 

To estimate the breakdown of hogfuel, shavings and sawdust into green, dry and 
treated material the % composition for softwood and hardwood mills was based on 
information provided by Tucker et al. (2009) and personal communication with the 
data collector (Murray Hall, CSIRO).  The estimated breakdown is shown in   the 
material was assumed.  No information was available for the proportion of bark on 
hardwood sawlogs so it was assumed that this was 0.5% of total log volume. 

Table 14: Comparison of recovery rates from softwood and hardwood sawmills.  Sources: 
Tucker et al. (2009 p 42) and Burns et al. (2009). 

Component Softwood Hardwood 

 Tucker et al. (2009) 
Burns et 
al. (2009) 

Tucker et 
al. (2009) 

Ximenes et 
al. (2004) 

Burns et al. 
(2009) 

 Inc. Bark Ex. Bark
1
 Ex. Bark Ex. Bark Ex. Bark Ex. Bark 

Sawn timber 45% 49% 47.1 36% 48% 38.2 

Chips 32% 35%  21%
a
 35%  

Hogfuel, shavings 
and sawdust 

15% 17%  43% 16%  

Bark 7% 8%     

Total
b
: 100% 108%  100%   

a
Reported amount of chips is far lower than most other comparable studies because some chips also 

used as hogfuel.
 

b
Sawlog volumes are reported as underbark volumes.  Thus the actual volume of biomass contained 

in the log (inclusive of bark) can be greater than 100%. 

 

Table 15: Estimated composition of hogfuel reported in Tucker et al. (2009 p 42).  Based on 
information provided by M. Hall CSIRO (unpublished data). 

Component Percentage of total hogfuel, sawdust and shavings 

 Softwood sawmill Hardwood sawmill 

Green chips 0% 30% 

Green sawdust 60% 40% 

Dry shavings and sawdust 20% 20% 

Dry untreated offcuts 15% 10% 

Dry treated offcuts 5% 0% 
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Softwood Sawmill By-products 

Green Chips 

Chips are produced from green log off-cuts and green board dockings.  Softwood 
chips cost around $10 per tonne per 100 kilometres to transport by road.  They are 
used for paper-making, for the manufacture of particleboard and Medium Density 
Fibreboard, exported for paper-making elsewhere (provided there is a nearby export 
facility), sold for process and co-generation heat, and sold for horticultural and 
landscaping uses. 

Green Sawdust 

Softwood green sawdust is used for boiler fuel, and sold for animal bedding and for 
mulch. 

Dry Shavings 

Dry shavings are used for the surface of particle board.  They are not always 
preferred boiler fuel for some systems because the burning shavings can float up in 
the furnace rather than being burned lower down.  Dry softwood shavings have been 
used to make domestic fuel-wood pellets in Tasmania.  They are also sold in pet-
shops as animal bedding. 

Dry Dockings 

Some sawmills ‘hog’ dockings into smaller particles for more efficient burning, but 
hogging cost can be expensive at around $80 per tonne (industry source).  Dry 
dockings can also be finger-jointed to make composite longer sections: possibly half 
of dry dockings could be recovered as composite longer sections. 

Termiticide Treated Softwood Dry Dockings 

Treated wood is a regulated waste. Regulations around the disposal of treated wood 
were written for CCA treated wood, and whilst treatments are now more 
environmentally benign than CCA, the regulatory framework has not been updated to 
reflect the newer treatments. 

Although termiticide-treated wood no longer contains CCA, regulations have not yet 
been developed governing its use as a fuel in NSW and Qld. at least.  Thus, it is not 
included in existing licences for use of wood fuel by sawmills in these states.  
Regulatory requirements governing the use of termiticide-treated wood in other 
states are not known at this stage. 

Hardwood Sawmill By-products 

Green Chips 

Chips are produced from green log off-cuts and green board dockings.  The selling 
price of hardwood chips at sawmills currently ranges from $15 per tonne to $66 per 
tonne (industry sources).  The chips cost around $10 per tonne per 100 kilometres to 
transport by road. 
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Hardwood chips are used for paper-making at Australian Paper in Maryvale, Victoria 
(around 90,000 green tonnes), exported for paper-making elsewhere when there is 
an export facility close enough, sold for process and co-generation heat, and sold for 
horticultural and landscaping uses.  The durable eucalypts such as iron-bark and 
karri are not suitable for paper making. 

Dry Shavings 

Hardwood dry shavings can be burned for kiln heat.  Hardwood shavings are a useful 
fuel because they are dry (so less latent heat losses to evaporate contained water 
when combusted) and burn easily.  Sawmills burning dry shavings for kiln heat might 
burn a blend of dry shavings and green sawdust.  They are also utilised for mulch as 
a soil amendment.  Some are sold to potting mix producers.   

Dry Dockings 

Dry docking from hardwood mills can be chipped for paper-making.  However dry 
chips are not ideal (and not preferred) for pulping as they tend to float during 
digestion and are more difficult to saturate with pulping fluids. 

Dry dockings are a valuable fuel because of their low moisture content.  They can be 
burned as docked pieces although they are not easy to handle or feed into furnace in 
this form.  Alternatively, they can be ‘hogged’ to smaller pieces for boiler fuel.  A 
hogging machine to process 2,000 tonnes of dry dockings per year costs around 
$100,000 (industry source). 

Non-chippable Hardwood Sawmill Waste 

Sawmills produce a small quantity (<<1% of log) of contaminated waste, 
contaminants include dirt, glue and machine oil and machine grease.  Piece sizes are 
mixed.   This material is currently disposed of as landfill waste. 
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Appendix 5: Energy Use in Sawmills 

Softwood Sawmills 

A life cycle forests and forest products (Tucker et al. 2009) reported that around 0.13 
m3e of dry shavings or sawdust and 0.05 m3e of green shavings or sawdust are 
produced per m3 of log input.   

This was reported to equate to a total energy use of about 2.6 GJ/m3 product (Table 
16).  This estimate was based on assumed calorific values of 16.2 GJ m-3 for dry 
wood and 9 GJ m-3 for green wood fuel (Tucker et al., 2009 p.42).  However, the 
units of energy contents quoted from the Department of Climate Change should 
actually have been GJ/t not GJ/m3 (DCCEE 2009, p. 11, Table 1).  Assuming a 
calculated energy content of 7.6 GJ/m3 for green softwood (Table 1), the actual 
energy in the wood fuel used would be closer to 1.5 GJ/m3 sawn product.  

Softwood sawmills also consume 0.58 GJ gas (mainly for kiln drying) and 0.36 MJ 
electricity (100 kWe) per m3 sawn timber output (Table 16).  Thus, the total amount of 
process heat energy used is around 2.1 GJ per m3 sawn timber output. 

Table 16: Breakdown of on-site softwood sawmill energy.  Reproduced from Tucker et al. (2009 
p. 42, Table 25). 

 

Hardwood Sawmills 

Tucker et al. (2009) estimated that the energy content of hogfuel used for process 
heat (i.e. kiln drying) in hardwood sawmills was 2.2 GJ per m3 dry sawn product 
(Table 17).  This figure was based on an assumed energy content of 9 GJ/m3 (Pers. 
Comm., M. Hall, CSIRO), rather than the estimated value of 10.2 GJ/m3 for dry native 
hardwood (Table 1).  Thus, the amount of residues burnt by hardwood sawmills is 
around 0.24 m3e per m3 dried sawn timber produced.  If it is assumed that the energy 
content of this material was 10.2 GJ/m3, then the amount of energy consumed in the 
form of hogfuel would have been around 2.5 GJ/m3 sawn product. 

Tucker et al. (2009) also estimated that 0.5 GJ electricity (140 kWh) is used for every 
m3 sawn product produced (Table 17).  Very little natural gas is used in hardwood 
mills (0.025 GJ per m3 product). 

Table 17: Breakdown of on-site hardwood sawmill energy.  Reproduced from Tucker et al. 
(2009, p. 44, Table 27). 
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Appendix 6: Veneer and Plywood By-products and 
Energy use 
On average 2.3 m3

 hardwood and softwood logs (including bark) are required to 
produce 1 m3

 of veneer and 0.92 m3 veneer are used to make 1 m3 plywood (Tucker 
et al. 2009).  Thus, the recovery rate for veneer production is around 44% overbark 
volume while that for plywood production is around 47% overbark volume.   

Tucker et al. (2009, p. 48-49) provides figures for the mass of wood by-products 
produced from processing 1 m3 log (including bark) into veneer.  Based on a 
recovery rate of 44% and a dry density of 450 kg/m3 the average moisture content of 
kiln dried veneer and by-products is 5% (wet basis), while the average green logs 
and by-products is around 50%.  The estimated average recoveries of by-products 
expressed as both % overbark and % underbark volumes is shown in Table 18. 

 

Table 18: Average recovery of veneer and by-products from 1 m
3
 input log for a plywood mill 

showing amounts of by-products used for process heating or sold.  Based on data provided by 
Tucker et al. (2009, p. 48-49) assuming a dry density of 450 kg/m3, green moisture content of 
50% and dry moisture content of 5%. 

 
 

The breakdown of energy used to make 1 m3 of veneer are shown in Table 19.  
Around 7.1 GJ process heating is required for every m3 veneer produced with 93% 
provided by wood residues and the remainder from natural gas.  Amounts of by-
products used include 0.35 m3e green chips, 0.02 m3e green cores, 0.18 m3e 
sawdust and 0.26 m3e dry chips.  In addition, 169 kWh (610 GJ) electricity are 
required for power. 
 

  

Output Mass MC
Green 

density
Volume

kg % kg/m3 m3
% 

overbark

% 

underbark

Veneer 207 5 474 0.44 44% 45%

Chips Sold 80 50 900 0.09 9% 9%

Used 139 50 900 0.15 15% 16%

Cores Sold 61 50 900 0.07 7% 7%

Used 8 50 900 0.01 1% 1%

Sawdust Used 55 35 692 0.08 8% 8%

Dry chip Used 53 5 474 0.11 11% 11%

Woodwaste 13 5 474 0.03 3% 3%

Bark 15 30 643 0.02 2% 2%

Total 631 1.00 100% 102%

Recovery
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Table 19: Wood, natural gas and electricity used to provide process heat and power for 
production of 1 m3 plywood. Based on data from Tucker et al. (2009, p. 47, Table 30 and p. 48-
49).  Energy contents based on values in Table 1, assuming softwood logs comprise 75% and 
native hardwood logs 25% of peeler logs. 

 

 

  

Source MC

kg m3 kg m3 % wet
MJ/m3 

input

MJ/m3 

veneer

Process Heat

Hogged Fuel

Green Chips 139 0.15 310 0.34 50 8.0 2,750

Green Cores 8 0.01 18 0.02 50 8.0 160

Sawdust 55 0.08 123 0.18 35 8.6 1,530

Dry chip 53 0.11 118 0.25 5 9.1 2,280

Total 255 0.35 570 0.79 6,720

Natural Gas 507

Total 7,227

Electricity 610

Energy Content
Amount per m3 

veneer
Amount per m3 log
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Appendix 7: Particleboard and MDF By-products and 
Energy Use 
Inputs and by-products from particleboard and MDF production are reported by 
Tucker et al. (2009) and are shown in Table 20 and Table 21.  The dry density of the 
finished products (640 kg/m 3 for particleboard and 680 kg/m3 for MDF) is greater 
than that of the initial wood (450 kg/m 3).  Thus, the total volumes of the products and 
by-products (1.25 m3 per m3 particle board and 1.29 m3 per m3 MDF) are less than 
the total volume of inputs (1.68 m3 per m3 particle board and 1.81 m3 per m3 MDF 
produced). 

For particleboard production, an average 1550 MJ heat energy is consumed, in the 
form of wood by-products, for every m3 product (Table 20) and, for production of 
MDF, an average 2580 MJ energy is consumed for every m3 product (Table 21).  
Assuming the energy content of the wood comprising the residues is 16.2 MJ/kg and 
that 4% of the material consists of resin and wax, 106 kg/m3 processing residues are 
used for process heat for particleboard production and 176 kg/m3 wood residues are 
used for process heat for MDF production (Table 22).  Thus, around 47 kg/m3 
residues are unused from particleboard production but no residues are unused from 
MDF production.   
 

Table 20: Inputs to produce 1 m3 of particleboard. Reproduced from Tucker et al. (2009, p. 51, 
Table 33).  Masses are in oven dry weights. 
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Table 21: Inputs to produce 1 m3 of MDF. Reproduced from Tucker et al. (2009, p. 51, Table 34).  
Masses are in oven dry weights. 

 

 

Table 22: Estimated inputs and outputs for producing 1 m3 particleboard and MDF showing 
indicative volumes and amount of by-products used for energy.  Based on data from Tucker et 
al. (2009, p. 51, Table 33).  ODW: oven dry weight. 

 

 

 

  

Material

Inputs kgODW m3 % kgODW m3 %

Wood

Woodchips 387 0.86 54% 613 1.36 85%

Pulp logs 72 0.16 10% 168 0.37 23%

Woodshavings 151 0.33 21% 0 0 0%

Sawdust 112 0.25 16% 0 0 0%

Total 721 1.60 100% 780 1.73 100%

Other

Adhesive 65 0.07 74 0.07

Wax 10 0.01 7 0.01

Total 796 1.68 861 1.81

Outputs

Product 640 1.00 80% 678 1.00 78%

Sanding dust and shavings

Used for energy 106 0.16 13% 176 0.26 20%

Remaining 47 0.07 6% 0 0.00 0%

Bark 4 0.01 1% 8 0.02 1%

Total 796 1.25 100% 861 1.28 100%

Particleboard MDF
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Appendix 8: Economics of Bioenergy Production 

Calculating Capital Cost of Bio-energy Production 

The levelised capital cost (LCC) of production is calculated as follows (adapted from 
http://energytechnologyexpert.com/cost-of-power-generation/how-to-calculate-the-
levelized-cost-of-power-or-energy/): 

LCC = ICC x CRF / E 

where: 

ICC is the Initial capital cost 

CRF is the capital recovery factor 

E is the annual net production (of energy or a product) 

The capital recovery factor is calculated from the discount rate (r) and expected 
lifespan of the plant as follows: 

CRF =   1  

  (1-(1+r))L 

Cost of Wood Pellet Production 

Capital Cost 

Capital costs of pellet production plant: $1.0-1.5 million per t/hr production capacity 
(Carnot Group 2007).   

Assumptions: 

 Capacity: 6,000 t/yr 

 Operation: 24 hrs per day 7 days per week (~8,000 hrs/y) 
o Downtime: 10% total time 
o Hourly throughput: 0.8 t/hr 

 Capital cost: ~$0.8-1.1 million 

 Lifespan: 15 years 

 Interest rate: 12% 

Capital Recovery Factor is equal to 0.147.   

Thus, the for wood pellet production the Levelised Capital Cost (LCC) is: 

 LCC  = ~$1 million x 0.147/6000 = $24.50/t 

Operating cost 

Assumptions: 

 Biomass:   $10-$20/m3e Assumed 

 Conversion rate:  0.5 m3e/t Source: Deloit (2008) 

 Biomass used for energy: 17.5%  Source: Deloit (2008) 

 Repair and Maintenance: $10/t  Source: Deloit (2008) 

 Labour:   $10/t  Source: Deloit (2008) 

 Grinding and loading: $7.50/t Source: Deloit (2008) 

http://energytechnologyexpert.com/cost-of-power-generation/how-to-calculate-the-levelized-cost-of-power-or-energy/
http://energytechnologyexpert.com/cost-of-power-generation/how-to-calculate-the-levelized-cost-of-power-or-energy/
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 Electricity use:  150-200/t Source: Enecon (2007) 

 Electricity cost:  $0.20/kWh 

Total operating cost (min)  = 27.5 + (150 x 0.2) + 10 / (0.5 x (1 -17.5/100)) =   
$81.74/t 

Total operating cost (max)  = 27.5 + (200 x 0.2) + 20 / (0.5 x (1 -17.5/100)) = 
$140.23/t 

Cost of Bio-electricity Production 

Capital Cost 

Assumptions: 

 Output: 10 MWe 

 Cost: $30 million 

 Operation: 8,000 hrs/y 

 Lifespan: 30 years 

 Discount rate: 12% 

Capital Recovery Factor  = 0.124   

Electrical Output  = 10 MWe x 8,000 hrs/y = 80,000 MWh/y 

Levelised Capital Cost  = $30 million x 0.124/80,000 = $24.50/MWh 

Operating Cost 

Assumptions: 

 Electricity output: 80,000 MWh/y 

 Efficiency: 20% 

 Fuel cost/value: $16/t 

 Fuel required: 100,000 t/y (green weight) 

Note: this implies a fuel energy content of 14.3 GJ/t LHV which would require a 
MC of around 30% on a dry basis) 

 Labour cost: $960,00/y 

 Water use and treatment: $75,000/y 

 Maintenance: $300,000/y 

Total cost = (960,000 + 300,000 + 75,000 + 100,000 x 16) / 80,000 

  = $36.69/MWh 
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Modelled Cost of Bio-electricity Production 

 

Yellow cells are input cells. 

Component Value Unit Source

Capital Cost

Capacity 10                     MWe Carnot Group (2007, p 25, Table 10)

Capital 3                        $ million /MWe Carnot Group (2007, p 25)

30                     million $

Life Span 30                     years CSIRO (2010, p. 66, Table 2)

Interest Rate 12%

Operation 8,000               hrs/y Carnot Group (2007, p 25, Table 10)

Production 80,000             MWh/y

287,999           GJ/y

CRF 0.12                  /y

Levelised Capital Cost 46.55               $/MWh

Biomass Required

HHV 21                     Nuhez-Regueira et al., 1995

MC 55% ODW Carnot Group (2007, p. 66, Table 22)

35% Wet basis

Density of Solid Wood 450 kg/m3 Carnot Group (2007, p. 66, Table 22)

Energy Content (LHV) 11.6                  GJ/t ar

8.1                    GJ/m3

Conversion efficiency 27% CSIRO (2010, p. 66, Table 2)

Electricity Production 3.14                  GJ/t ar

2.19                  GJ/m3

0.87                  MWh/t ar

0.61                  MWh/m3

Biomass Input 91,636             t/y ar

131,378           m3/y

Operating Cost

Biomass 91,636             t/y ar

16                     $/t Carnot Group (2007, p 25, Table 10)

Transport dist. (one way) -                    km

Transport cost 0.12                  $/tkm Lambert (2006, p.60 Figure 4.7)

Labour 16,000             man hrs Carnot Group (2007, p 25, Table 10)

60                     $/hr Carnot Group (2007, p 25, Table 10)

Waste disposal 3,000               t/y Carnot Group (2007, p 25, Table 10)

5                        $/t Carnot Group (2007, p 25, Table 10)

Water 40                     ML/y Carnot Group (2007, p 25, Table 10)

1,000               $/ML Carnot Group (2007, p 25, Table 10)

Water treamtnet 35,000             $/y Carnot Group (2007, p 25, Table 10)

Maintenance 300,000           $/y Carnot Group (2007, p 25, Table 10)

Total 2,816,178       $/y

35                     $/MWh

Emissions

Biomass 1.3                    kg CO2e/GJ DCC (2009, p. 13, Table 2)

Bio-electricity 0.02                  t CO2e/MWh

Fossil electricity 1.23                  t CO2e/MWh DCC (2009, p. 19, Table 5)

Subsidies

LGCs Price 30                     $/MWh

Carbon Price 23                     $/t CO2e Commonwealth of Australia (2011, p. 26)

Bio-electricity Carbon Cost 0.4                    $/MWh

Fossil Fuel Carbon Cost 28.3                  $/MWh

Total Cost of Bio-electrity

Capital Cost 47                     $/MWh

Operating Cost 35                     $/MWh

Total Cost Excluding LGCs 82                     $/MWh

Total Cost Including LGCs 52                     $/MWh

Total Cost Of Fossil Electricity

Cost Excluding Carbon Tax 40                     $/MWh Schuck (2010); CSIRO (2010, p. 66, Table 2)

Cost Including Carbon Tax 68                     $/MWh

Relative Cost Difference

Bioenergy-Fossil -17 $/MWh
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Sensitivity Analysis of Bio-electricity Production 

Sensitivity analysis results: the impact of changing input variables on achievable 
price of produced electricity. 

  

  

Figure 41: Sensitivity analysis of the effects of REC price, feedstock price, transport distance 
and carbon price on the cost of electricity produced from biomass compared with brown coal 
(assumed to be $40/MWh in the absence of a carbon tax). 
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Appendix 9: Conversion Technologies and Costs 

Commercialisation Status of Conversion Technologies 

 
Figure 42: Stages of commercialization of various bioenergy technologies.  Reproduced from 
Schuck (2010). 

Pyrolysis and Torrefaction 

Pyrolysis produces wood-gas, charcoal and bio-oil. The process can be tuned to 
maximise production of either product, although all products are always produced. 

Table 23:” Expected product recoveries from pyrolysis of woody biomass versus pyrolysis 
conditions. Reproduced from Carnot Group (2007). 

 

 ‘Torrefaction of biomass can be described as a mild form of pyrolysis at 
temperatures typically ranging between 200-320 °C. During torrefaction the biomass 
properties are changed to obtain a much better fuel quality for combustion and 
gasification applications. Torrefaction combined with densification leads to a very 
energy dense fuel carrier of 20-25 GJ/ton’. www.wikipedia.org/wiki/Torrefaction 

http://www.wikipedia.org/wiki/Torrefaction
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Conversion Costs for Electricity and Biofuel Production 

 

Figure 43: Comparison of estimated capital cost of electricity generation by types. Reproduced 
from SED Consulting (2009). 

Reported Project Costs for Bio-electricity Generation 

 20 MW electricity plant: capital costs $0.031 per kWh, operating costs $0.017 
per kWh (Prinsley et al. 2010) 

 50 MW electricity plant: capital costs $0.019 per kWh, operating costs $0.010 
per kWh (Prinsley et al. 2010) 

 5 MW BTOLA Indirectly Fired Gas Turbine: capital cost $10 to $15 million: 
$2,000 to $3,000 per kilowatt (Dooley 2010). 

 5 MW gasification and turbine or internal combustion engine: capital cost $10 
to $15 million: $2,000 to $3,000 per kilowatt (Dooley 2010). 

 5 MW boiler and steam turbine: capital cost $30 million: $6,000 per kilowatt 
(Dooley 2010). 

Table 24: Production costs of alternative liquid fuels.  Table reproduced from Edye (2011). 
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Appendix 10: Australia’s Energy Resources  

Australia’s Biofuel Production Capacity 

Table 25: Facilities producing liquid biofuels in Australia in 2009.  Reproduced from ABARE 
(2010, ‘Energy in Australia 2010’, Table 33, p. 61). 

 

Total Energy Resources and Production 

Table 26: Australia’s energy resources showing years remaining at current rate of use, and 
global economic demonstrated resources. Reproduced from CSIRO (2006, p.18). 
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Electricity Generation 

Table 27: Australian electricity production by source: 2008 and 2030-projected. Table 
reproduced from Syed et al. (2010) [ABARE: Australian Energy Projections] 

 

Total Energy Consumption 

 

Figure 44: Australia’s energy consumption by sector. Source: ABARE (2006).  Figure 
reproduced from Energy Futures Forum (2006), p.24 
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Australia’s Oil Supply 

In 2010, Australia produced two thirds of its oil and liquefied petroleum gas 
consumption (Syed et al. 2010).  However, by 2020, production is expected to cover 
only 40% of consumption.  Thus, oil imports are expected to more than double. 

 

Figure 45: Australia’s past and predicted future oil and liquefied petroleum gas production and 
net imports.  Reproduced from Syed et al. (2010) Energy projections to 2029-30, p.40. 

Potential Improvements in Energy Efficiency 

Some of the solution to the future energy shortfall will be derived from increased 
energy use efficiencies (Figure 46). 

 

Figure 46: Potential for cost-effective reduction in energy consumption across different sectors 
of the Australian economy.  Reproduced from CSIRO 2006 (Energy Futures Forum, p. 25) 
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Appendix 11: Outlook for Global Energy Supplies 
This Appendix presents a number of significant energy-related diagrams and tables 
that have relevance to any debate on future energy scenarios. 

Global Oil Supply 

There are two distinct projections in respect of future global oil supplies: Peak Oil 
‘pessimists’ who predict that oil supply will decline; and World Energy Outlook 
‘optimists’ who believe we will simply find more. 

Peak Oil Prediction 

Under the peak oil projection, the rate of oil supply is expected to decline steeply 
after peaking around 2007 so that total liquids production in 2030 will be less than 
two thirds that in 2010.. Figure from Hall, P. and M. Jack (2008): SCION Pathways 
Analysis. 

 
Figure 1. Figure 47; Past and predicted future rate of global oil production by source under peak 
oil scenario where production peaks in 2007 and then declines.   

World Energy Outlook scenario 

The International Energy Agency (IEA, 2010) has predicted future oil production 
based on actual declines in oil production from existing fields.  Total future oil 
production from existing fields and fields yet to be developed is similar to that 
predicted under the peak oil scenario.  However, the IEA predicts that new oil fields 
will be found that will make up the forecast supply shortfall. 

Oil extraction is becoming more energy expensive: EROEI for oil extraction in the US 
has declined from 100:1 in 1930 to 11:1 in 2000 (Figure 49).  This means that more 
energy is required for every barrel of oil recovered. 
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Figure 48: Past and predicted future world oil production by type in the World Energy Outlook 
Scenario. Figure reproduced from IEA (2010)  

 

 

Figure 49: Change in the Energy Return on Energy Invested (EROEI) of oil produced in the US 
between 1930 and 2000.  Source: Murphy (2009 http://www.theoildrum.com/node/5500, based 
on data published by Cleveland 2005). 

  

http://www.theoildrum.com/node/5500
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Appendix 12: Future Carbon Prices 
The Australian Treasury has modeled the expected effects national and global 
emissions reductions targets and policies on the expected price of carbon,  sources 
of emissions reductions and economic growth in Australia and from 2020 to 2050 
(Table 28).   

The scenarios include: 

 A reference scenario with no additional measures to reduce Australia’s GHG 
emissions, under two global scenarios:  

o Medium global action aimed at limiting atmospheric CO2 emissions to 
550 ppm, and 

o Ambitious global action aimed at limiting atmospheric CO2 emissions to 
450 ppm. 

 A core policy scenario: assumes a world with a 550 ppm stabilization target 
and an Australian emission target of a 5 per cent cut on 2000 levels by 2020 
and an 80 per cent cut by 2050.  

 A high price scenario: assumes a world with a more ambitious 450 ppm 
stabilization target and an Australian emission target of a 25 per cent cut on 
2000 levels by 2020 and an 80 per cent cut by 2050.. 

 

Table 28: Modelled carbon prices and sources of emissions reductions under different future 
policy scenarios. 

   

Scenario

2020 2050 2020 2050 2010 2020 2050 2010 2020 2050 2010 2020 2050

Medium Global Action

Reference 0 0 0 0 578 679 1008 0 0 0 26.1 26.5 27.9

Core Policy -5 -80 29 131 578 621 545 0 94 434 26.1 24.2 15.1

Abitious Global Action

Reference 0 0 0 0 578 664 951 0 0 0 26.1 25.9 26.4

High Price -25 -80 62 275 578 534 323 0 108 212 26.1 20.8 8.9

Internationally 

Sourced Abatement 

(Mt CO2e/y)

Per Capita Emissions 

(t CO2e/p/y)

Domestic Emissions          

(Mt CO2e/y)

Carbon Price             

($/t CO2e)

Emission Target        

(Mt CO2e/y)
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