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Executive Summary
This Roadmap has been developed in
collaboration with the bioenergy industry in
Australia and is designed to set the strategy to
build a strong and vibrant Australian bioenergy
industry by 2020.
The development of the Roadmap was funded
by the Department of the Environment, Water,
Heritage and the Arts, and is the culmination of
a collaborative approach working in partnership
with key associations and bodies involved with
the bioenergy industry. An extensive stakeholder
consultation process was undertaken to test the
data, conclusions and strategies identified in
the document.
The biomass resource appraisal carried out as
part of the development of the Roadmap (i.e.
stages 1 – 3 of the project delivery process)
confirmed that Australia has an abundance of
economically viable and accessible biomass
resources for stationary energy production. The
resource appraisal also determined that the
technologies required to realise the potential of
this resource are largely proven and based on
established practices either locally or overseas.
The full range of biomass resources including
agricultural related wastes, energy crops, landfill
gas, sewage gas, sugarcane, urban biomass
(including urban timber wastes), and woodrelated wastes was considered in the biomass
resource appraisal.
The resource appraisal resulted in a target
contribution of bioenergy towards electricity
generation by 2020 of almost 4%, which is
about four times the current contribution of
0.9%. Australia’s current electricity generation
from biomass is significantly lower than that
of leading European countries where bioenergy
is already contributing from 4 to 14% of their
total electricity generation. Successful overseas
experience of implementing incentive programs
and government policies can establish the right
framework to achieve the bioenergy target
in Australia.
The resource appraisal also indicated that a
similar increase to stationary thermal energy from
biomass resources could be achievable, but that
further study is required to set targets.
Section 6 of the Roadmap details a series of
objectives, issues and actions that need to be
implemented to overcome barriers impeding the
growth of bioenergy. Some of the key Roadmap
objectives are:
to develop effective industry advocacy and
capacity-building leading to a growing and
ultimately self-sustaining bioenergy industry.
to ensure that bioenergy achieves a public
profile as a desirable and sustainable renewable energy source at a level similar to that
achieved by wind and solar power.

to ensure that bioenergy is treated equitably in
all matters of policy when compared with other
renewables.
to ensure that the renewable energy industry
is encouraged to make long-term investments
through the implementation of announced
policies that allow renewables to compete with
fossil-fuelled stationary energy.
to ensure that bioenergy project proponents
can secure long-term supply of biomass to
justify and support investment in long-lived
generation assets.
to ensure that connection of bioenergy
generators secures full value created for the
National Electricity Market (NEM) or other
grids in Australia.
There are a number of more detailed sectorspecific objectives, issues and actions that need
to be achieved to deliver the growth target set
in this Roadmap, but all share the common trait
of representing the industry view of the changes
and actions needed to stimulate the development
of a new industry in a sector that can achieve
significant benefits in Australia’s low
carbon future.
Bioenergy also has a number of unique benefits
and characteristics that deserve special attention
in the formation of policy and the implementation
of industry development. Bioenergy enhances
security of supply and provides a controllable
and continuous supply of power similar to that
provided by fossil fuel generators. Bioenergy also
produces thermal energy which can be used for
heating and/or cooling. This can be in a dedicated
application together with electricity generation
in a cogeneration application. Bioenergy can
contribute significantly to employment and
economic development, particularly in rural
and regional areas where much of the biomass
resources are located. Many jobs in bioenergy
are ongoing during the life of the project in
harvesting, transporting and processing the
biomass fuel. Bioenergy can support existing
enterprises such as farms, forestry and their
associated processing industries and can help to
insulate these businesses from energy
cost increases.
The alliance forged in the development of this
Roadmap needs to be maintained as an ongoing
forum and strengthened to facilitate strong
advocacy and promotion of bioenergy
going forward.
This Roadmap clearly demonstrates the potential
of the industry to make a significant and positive
contribution to Australia’s renewable energy
generation and it provides the pathways and
guidance to attain that potential. If Australia is
to achieve the move to a low emissions economy
over the next decade, bioenergy has a significant
and growing part to play.
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1. Introduction
1.1. The Need for an Australian
Bioenergy Roadmap
With the need to reduce greenhouse gas
(GHG) emissions now a policy reality, this
Roadmap provides a timely and necessary
outline of the role bioenergy can play in
Australia’s future stationary energy supply.
This Australian Bioenergy Roadmap
addresses all forms of stationary energy
derived from biomass, including electricity
and thermal energy. It focuses in particular
on the capacity of the Australian bioenergy
industry to 2020. The Roadmap only
covers liquid fuels where these are used in
stationary energy applications.
This Roadmap is required because:
Overseas countries have demonstrated
that bioenergy can contribute to stationary
energy supply at levels much higher than
Australia’s, which is less than 1% of total
electricity supply.

The technology required to realise the
potential of the resource is largely proven
and based on established practice either
locally or overseas.
The substantial long-term potential of
bioenergy means that it has a vital role to
play and can no longer be ignored as part
of Australia’s clean energy future.
Bioenergy needs serious attention to
become a significant contributor to the
domestic energy mix.
Australia’s electricity supply has traditionally
been inexpensive due to the plentiful supplies
of generally high-quality low-cost coal.
As a result, there has been little commercial
incentive to date to look seriously at
alternatives such as bioenergy. This situation
has now changed with the need to reduce
GHG emissions.

Australia’s biomass resources for stationary
energy production are abundant and are
currently underutilised or are a waste
requiring disposal.

1.2. The Bioenergy Roadmap Goal
The goal of the Bioenergy Roadmap is to
expand Australia’s domestic renewable
energy from sustainable biomass resources
through collaboration between government,
industry and consumers and all other
stakeholders to deliver economic and
environmental benefits to society.
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Bioenergy has a vital
role to play as part
of Australia's clean
energy future. The
resources to produce
bioenergy are abundant
and are currently
underutilised or are a
waste requiring disposal.
The technology is proven,
and the opportunities are
significant.
2. The Case for Bioenergy
2.1. Definition of Bioenergy
Bioenergy is renewable energy derived from
organic matter otherwise known as biomass.
It utilises the solar energy that is stored in
biomass by converting it to a different form
of energy, such as electricity and
thermal energy.

There are a range of different technologies
that can be employed to produce energy from
biomass. These conversion processes are
explained in detail in section 4.6.

2.2. Bioenergy Benefits
The bioenergy industry is quite different to
other renewable energy generation, such as
solar or wind generation, as it often involves
a combination of complex processes to
create usable energy. Due to this unique
combination of activities, bioenergy is
capable of delivering multiple environmental,
social and economic benefits as
outlined below.

2.2.1. Reduces greenhouse gas
emissions
Australia is one of the biggest GHG emitters
per person in the world and the largest and
fastest growing source of GHG emissions in
this country is its electricity supply. This is
largely because of the coal power stations
Australia depends heavily on for electricity
generation. These power plants emit about
180 million tonnes of CO2-e2 on an
annual basis.3
In 2005–2006, approximately 76% of
Australia’s electricity was generated from
coal, making Australia one of the top coal
burning countries in the world. Stationary
energy (e.g. power generation) is by far the
largest emitter of GHG, accounting for 50%
of Australia’s total emissions.3
At present, there are practically no binding
legal requirements for coal-fired power
stations to minimise the GHG they emit into

Carbon dioxide equivalent, CO2-e,
provides the basis for comparing
the warming effect of different
greenhouse gases.
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National Greenhouse Gas
Inventory 2005.
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 he Carbon Pollution Reduction
T
Scheme is the federal
government’s central policy
mechanism intended to manage
Australia’s transition to a low
carbon economy through an
emissions trading scheme
which will put a price on carbon
pollution. It is scheduled to
commence in 2010 and will
drive incentives to reduce
emissions via energy efficiency
and displacing traditional energy
production with clean power
sources such as bioenergy.
 onstructed using data obtained
C
from National Greenhouse and
Energy Reporting System 2007:
http://www.greenhouse.gov.au/
reporting/publications/pubs/ngertechguidelines.pdf

Burning of fossil fuels instantly releases
carbon that was stored over millions of years
and causes a rapid increase of carbon dioxide
(CO2) in the atmosphere. While burning
biomass also releases CO2, it operates in a
closed carbon cycle and therefore creates
little or no net GHG emissions, depending
on the type of the feedstocks used and the
nature of the operational activities involved.
Emissions for a variety of different fuel types
are provided in Figure 1.
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In a carbon-constrained world, use of
renewable energy sources, such as wind and
solar power, must be encouraged to replace
high emission coal-fired power.
However, more predictable fuel sources
such as bioenergy will be critical in
complementing these technologies and
displacing a significant amount of the
current predictable and controllable capacity
sometimes called “baseload” from coal-fired
generators. Therefore, renewable energy
sources such as bioenergy are needed both
to reduce GHG emissions and to meet the
renewable energy target of 20% set by the
government for 2020.
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the atmosphere. However, the cost of carbon
introduced through the Carbon Pollution
Reduction Scheme4 (CPRS) is expected to
drive emissions reductions.

Figure 1. Greenhouse gas emissions from fossil and biomass fuels5
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While some CO2 is emitted from fossil
fuels consumed during activities such as
harvesting or transporting the biomass, the
amount is significantly smaller than the
carbon dioxide emissions being displaced
from the use of fossil fuel. In many instances
the fuel expended in harvest and transport of
bioenergy feedstocks is necessary to produce
the higher value product such as food or
fibre. In such cases, there is no net increase
to the emissions as part of an integrated
process that also produces bioenergy.
Waste biomass resources emit fugitive
GHG emissions such as methane if left to
decompose and this GHG has 21 times the
impact of CO2. If this waste fuel is used for
stationary energy generation, it eliminates
or reduces these methane emissions and
therefore provides additional GHG mitigation.
In the case of landfill gas, for instance, this
technology can save an additional 4 tonnes
of CO2 equivalent for every megawatt hour of
electricity produced.
The use of biomass wastes means that other
potentially higher emission sources of energy
can be displaced. Further, if these wastes
can be utilised near their point of creation
and energy use, emissions associated with
the transport of the waste and the energy can
be minimised.

2.2.2. Enhances energy security
Biomass resources are inherently plentiful,
renewable and indigenous and are therefore
very highly rated as an energy source that
can provide energy security to Australia.
Due to the distributed nature of biomass
resources, bioenergy generators will tend
to be relatively small and located near the
communities they serve. This is in contrast
to fossil fuel generation plants, which
usually have large generation capacities
and are located far from their demand. This
characteristic of bioenergy plants has an
added value for reliability and security of
energy supply as the failure of a single small
plant to deliver power has less of a system
impact than a forced outage at a large
centralised generator.
For rural or regional areas, bioenergy reduces
the system risk factor of disrupted electricity
supply caused by incidents including
accidents, or severe weather conditions such
as storms and lightning.
In essence, bioenergy plants add to the
diversity of energy supply, contributing to
security of supply and strengthening weaker
outlying areas of the electricity grid.

2.2.3. A renewable energy source
Biomass, such as sugarcane, releases CO2
when it is converted into another form of
energy but this same amount of CO2 is
continually absorbed during the regrowth
of the restored vegetation through the
photosynthesis process. As this carbon
loop is closed (Figure 2) and operates in a
constant cycle, bioenergy is a renewable
source of energy.
Atmosphere
CO2 absorbed during growth

CO2 released

CO2, sunlight
and water used
in photosynthesis
to make new
plant matter

Electricity
Heating
Cooling
Bioenergy power station

Harvesting > Processing > Feedstocks

Figure 2. Bioenergy “closed carbon cycle” loop

2.2.4. Controllable and continuous
supply of power
Power generation from many renewable
generators is variable due to the nature of
energy sources such as wind and sunlight.
However, this is not the case for bioenergy.
Most bioenergy plants can run continuously
or at the peak times that the electricity
market requires with capacity factors similar
to large coal-fired plants of around 90% or
more. In the case of bioenergy generators
that depend on seasonal crops as their fuel
source, these can operate off season by
storing fuel or by switching to alternative
non-seasonal biomass fuel supplies.
Hence, bioenergy is well placed to displace
fossil-fuelled generation in stationary
energy supply.

2.2.5. Bioenergy produces
thermal energy
Unlike most other renewable generators,
bioenergy is able to deliver thermal energy in
addition to electricity. The use of waste heat
produced by electricity generation is called
cogeneration and is already implemented by
many of Australia’s bioenergy generators.
Biogas generators and biomass-fired boilers
that produce electricity and heat are typical
examples of cogeneration which result in
increased efficiencies by recovering the
otherwise wasted thermal energy.

There is potential for future development of
integrated processes. For example, waste
heat from a bioenergy plant could provide
the thermal energy for ethanol distillation to
enhance the economic and environmental
case for this liquid transport fuel.
The recovered waste heat could also be
applied to a range of other heating or cooling
uses for co-located plants, industries or
communities. This simultaneous production
of electricity, heat and cooling from a single
thermal source is a process known
as “trigeneration”.
It is anticipated that a cost for carbon
will also encourage a range of industrial
and commercial energy users to switch to
bioenergy fuels from existing fossil fuels for a
wide range of thermal energy requirements.
At its most basic level, biomass in the form
of firewood is used for space heating and
there have been significant advances in this
technology in Australia and overseas markets
in recent years.

2.2.6. Employment and economic
development
The diversity, applicability and scalability
of bioenergy technologies allow them to be
highly decentralised, providing significant
rural and regional employment and economic
benefits, as summarised in Table 1 below.

Table 1. Bioenergy employment and economic benefits

Stages

Benefits

Construction and
local component
sourcing

Bioenergy facility construction requires significant input from
various skilled professions including designers, surveyors,
engineers, tradespersons, insurers and financers, providing
substantial benefit for local and regional communities where
these facilities are built.
In particular, many of the components of a bioenergy facility can
be sourced locally from Australian manufacturers and fabricators,
supporting local manufacturing growth, employment and
further innovation.

Ongoing

Unlike other renewables, bioenergy provides significant permanent
ongoing employment opportunities, both in skilled and unskilled
roles, including: (i) biomass feedstock production, sourcing and
transportation; (ii) plant operation, and (iii) ongoing
plant maintenance.

7

Regional centres, townships and farming
enterprises can benefit from the investment
and income generated from bioenergy
facilities with positive impacts for local
business, secondary employment and
community regeneration. In particular,
farming enterprises can benefit from the
revenue diversification provided by bioenergy
facilities, and some applications can provide
farms protection from rising energy and
fertiliser costs. In the longer term farmscale bioenergy facilities can contribute to
structural agricultural industry reform to a
more productive, self-reliant and drought
tolerant industry. Bioenergy offers permanent
fulltime employment which is unlike the
seasonal employment in most agricultural
sectors. This means that labour is more
likely to be permanently retained in rural and
regional communities.

Developing a thriving Australian bioenergy
industry, including project developers,
component manufacturers and service
providers is a key stepping stone towards
tapping into the enormous bioenergy project
opportunities that are available in the
Asia-Pacific region.
Germany introduced legislation (including
electricity feed-in tariffs6 and a range of
other complementary measures) to support
renewable energy project development in
2000 with further amendments in 2004.7
This legislation has led to remarkable growth
in the German renewable energy industry
and specifically demonstrates the potential
contribution from bioenergy technologies as
summarised in Table 2 below.

Table 2. German Renewable Industry Summary Statistics as of end 20068

Renewable
energy
sector

Installed
electrical
generation
capacity
(MW)

Final
electricity
supply
(GWh)

Final heat
supply
(GWh)

Total
employment
(no of
persons)

2006
2006
total
ongoing
industry
operational
turnover
turnover
(billion euro) (billion euro)

Bioenergy

2,740

19,738

22,479

91,900

9.10

6.24

Hydropower

4,700

21,636

n/a

9,200

1.28

1.21

20,622

30,500

n/a

73,800

5.65

2.74

2,831

2,000

3,273

35,000

6.24

1.06

Wind
Solar energy

The data in this table demonstrates the contribution bioenergy makes to electricity and heat supply
requirements in Germany and in particular demonstrates significant contribution to total employment
and industry turnover. These success stories need to be analysed and applied in Australia to meet the
bioenergy roadmap target.
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 eed-in tariffs are designed
F
to encourage the adoption of
renewable energy through an
obligation on retailers to buy
renewable electricity at a rate set
by the government. The higher
price helps overcome the cost
disadvantages of renewable
energy sources. The rate will
differ according to the size and
type of technology employed.
“EEG – The Renewable Energy
Sources Act”, published by
the German Federal Ministry
for the Environment, Nature
Conservation, and Nuclear Safety,
July 2007.
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“ Renewable energy sources
in figures – national and
international development”,
published by the German Federal
Ministry for the Environment,
Nature Conservation, and Nuclear
Safety, June 2007.

2.2.7. Minimal infrastructure cost
Bioenergy generators will typically be located
near the load for energy and embedded in
distribution networks. Therefore the need for
new major electricity network infrastructure
can be avoided when connecting such
new generators. This is particularly true for
rural areas where the cost of new network
infrastructure can be very high relative to
the size of load served. In some locations
this could result in a constraint for rural
development or very high capital costs.

Embedded bioenergy generators also reduce
or eliminate energy losses at the end of long
transmission and distribution networks.
Bioenergy generators can therefore be used
to support networks, reduce losses and
improve reliability in rural and regional areas.

Australian Energy Networks
The Australian electricity industry has been reformed and the previous centralised
utilities broken up into three component parts: generation; transmission; distribution
and retail. In all states and territories (except NT) wholesale markets have been
established and retail competition has been introduced. Generators wishing to
connect to the networks must deal with the local network business and must
demonstrate that they can meet a range of technical requirements in order to ensure
that the system operates securely.
The market is still heavily reliant upon a narrow range of fuels for its electricity
needs, with only a small proportion coming from renewable resources.
The electricity supply system is mainly comprised of large generators
connected via large transmission lines to load centres.
Developing widely distributed renewable energy resources such as bioenergy that
will supply local markets will reduce network losses and may enable the deferment
of investment in new and upgraded network infrastructure. Increasing the proportion
of electricity generation from distributed and diverse renewables sources often
located at the edges of the interconnected grid, will also contribute to increased
system security.

2.2.8. Salinity mitigation
Salinity problems have been caused by
rising water tables bringing salt to the
surface because of earlier clearing of native
vegetation. Strategically planted deep-rooted
vegetation such as oil mallee can provide
a biomass resource for stationary energy
generation when coppiced regularly. At the
same time these plantings combat salinity
by absorbing excess water close to the land
surface to lower the water table.

2.2.9. Supports existing enterprises
Bioenergy can assist existing industries
such as farming enterprises or sugar mills to
remain viable and sustainable by diversifying
into energy production. In many cases the
self-generated electricity can offset imported
electricity to reduce costs and even add a
valuable new revenue stream where excess
generation is exported into the grid.

This is already being practised internationally.
In Brazil integrated production of sugar,
ethanol and electricity is being implemented
by the sugar industry. In Europe, incentives
are in place to encourage the production of
electricity and thermal energy from bioenergy
feedstock. Australia must keep abreast of
such developments and adopt them where
practicable to ensure that primary and
secondary biomass-based businesses remain
internationally competitive and sustainable
against a backdrop of rising energy prices.
This off-farm supplementary income can also
have beneficial effects for farming enterprises
that might otherwise be struggling to remain
viable due to the impacts of drought and
climate change.
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3. Roadmap Development Methodology
3.1. Identify, Quantify and Evaluate
Creating the Roadmap involved a process
of identifying, quantifying and evaluating
all available biomass resources in Australia.
In order to deliver a roadmap that fulfils
the target of providing an informed basis
for the future development of bioenergy in
the stationary energy sector, it is essential
that the input data and materials for the

Roadmap are verifiable and robust, and
recognised expert industry sources support
the conclusions of the Roadmap.
The outcomes of the Roadmap are reached
based on up-to-date data and foreseeable
changes required in the period to 2020 to
improve the penetration of bioenergy into
Australia’s stationary energy sector.

3.2. Roadmap Delivery Process
Stage 1 – Australian Resource Assessment
The first stage involved undertaking an
assessment of biomass resources potentially
available for stationary bioenergy in Australia
based on data obtained from the experts
in the different bioenergy sectors and work
that had already been undertaken in the
respective sectors. The acquired
data include:

Acquired
Data

-

Size
Location and distribution
Calorific value
Moisture content
Potential impacts
and impact factors
- Current and future value

When assessing the resource, it was
necessary to identify and forecast any
trends that arise as a result of factors such
as droughts and floods, climate change,
energy prices and other indirect issues
such as alternative land uses. The resource
assessment was originally conducted based
on the bioenergy categories as defined in
the Mandatory Renewable Energy Target1
(MRET) that were adjusted as required.

1

 he Mandatory Renewable
T
Energy Target (or the new
Renewable Energy Target –
RET) being introduced by the
Commonwealth Government is
an obligation on retailers and
large energy users to purchase a
prescribed percentage of energy
from renewable sources. The new
RET will provide an additional
45,000 GWh of renewable
energy annually by 2020 (lifting
Australia’s renewable energy
component of total electricity
consumption to 20%).

Stage 2 – Gathering of Information
Stage 2 involved the gathering of information
on technical and financial viability of
converting biomass resources to stationary
energy. Undertaken in parallel with Stage 1,
this stage considered proven technologies
as well as likely developments in technology
that may impact on the sector by 2020.

The acquired data include:

Acquired
Data

- Type of conversion
technology
- Efficiency of technology
- Process involved
- Economic feasibility

A holistic analysis was undertaken to examine
the technical and financial feasibility of the
biomass resource and technology.
Stage 3 – Consolidation of Information
This stage consolidated the results of
Stages 1 and 2 into priority areas in the
bioenergy sector that were used to guide the
development of the Roadmap. This stage
estimated the total potential contribution to
clean energy production from each resource
sub sector.
These results are documented in the Biomass
Resource Appraisal (see enclosed CD-ROM).

Stage 4 – Industry Consultation
Drawing from the results of Stage 3,
consultation with industry participants
resumed in order to identify specific policy
measures that will increase bioenergy’s
contribution to Australia’s clean energy future.
This consultation occurred across all key
sectors, to arrive at the outcomes that formed
the basis of the Roadmap.
Stage 5 – Construct the Roadmap
The data were collated and a cohesive
Roadmap document was drafted in
collaboration with industry stakeholders.
Stage 6 – Public Release and Promotion
The final stage included publishing, promoting
and communicating the Roadmap findings to
all stakeholders.

4. The Australian Context
''Internationally, it has been proven that
bioenergy can be a significant player in energy
supply. Indeed many developed economies have
ambitious plans to increase the contribution
of bioenergy in future. Bioenergy currently
contributes less than 1� of Australia's total
electricity supply, Australia must draw from
these international experiences and apply them
as part of the actions needed to combat the
effects of climate change.''
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4.1. Overseas Benchmarks

In the USA, bioenergy generates 40
terawatt hours of electricity. This is
equivalent to the entire grid-connected
electricity demands of Western Australia,
South Australia and Tasmania combined.
Over 14% of Finland’s electricity
generation comes from bioenergy.
In Sweden, bioenergy makes up 5% of
their electricity supply.
More than 4% of electricity supply in
Austria comes from bioenergy.
Presently approximately 0.9% of Australia’s
electricity generation comes from bioenergy.9
The low level of penetration of bioenergy
into the Australian stationary energy market
means that there is the need to build
industry capacity and capability to match the
levels in place elsewhere in the world.
Figure 3 shows the percentage contribution
of bioenergy to electricity generation in a
number of leading countries and compares
this with Australia’s present contribution.
It shows where Australia currently stands
(white) and where it will be if the 2020
bioenergy target is realised (green).
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 uropean Biomass Association
E
(AEBIOM), Boosting Bioenergy
in Europe, 2005.
 uropean Biomass Association
E
(AEBIOM), Boosting Bioenergy
in Europe, 2005.

Million tonnes of oil equivalent (Mtoe)
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International Energy Agency
(IEA) Renewables Information
2007 (2006 data).

1 Mtoe

3.7

2.8

Australia's
2020 Target

Australia

Germany

Sweden

0.9

In Europe, bioenergy comes second only
to large hydro schemes as a source of
renewable energy. The European Union has
put in place directives and strategic programs
such as the Biomass Action Plan 2005 and
European Renewable Energy Council (EREC)
Renewable Energy Roadmap, to further
increase bioenergy’s contribution to their
primary energy supply mix.
At present, the European Parliament is
aiming to double bioenergy’s contribution to
the total primary energy supply by 2010 1 1
as shown in Figure 4 below.
Total=
149 Mtoe
19 Mtoe

Total=
69 Mtoe

4.2

These other countries all have various
incentives and regulations at a country level
to promote bioenergy. Feed-in tariffs are
the most common policy instrument and
have proved to be most effective in Austria
and Denmark .1 0 It was also identified that
often the feed-in prices are customised to
encourage uptake according to the size or
technology employed by the bioenergy plant.
Successful overseas experience of such
programs can guide the establishment of
sound criteria for Australia’s
bioenergy industry.

+ Additional 80 Mtoe
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Figure 3. Bioenergy’s
contribution to electricity
generation in leading OECD
countries9

5.0

Finland

To ensure accurate benchmarking, electricity
generation from biomass in various leading
countries has been compared with the
present levels in Australia because bioenergy
demand for electricity generation is less
affected by variations in climatic conditions
than thermal or heating energy. It is also
more appropriate to use electricity generation
as a benchmark because the present use
of biomass for thermal energy in Australia
is not as well studied and quantified as the
contribution of biomass to
electricity generation.

Total Electricity Generation (%)

14.3

Austria

4.1.1. Electricity generation
benchmarks

75 Mtoe

Liquid biofuels

Biomass
for heat

+27 Mtoe
Bioenergy

48 Mtoe
+35 Mtoe

0

55 Mtoe

Biomass for
electricity

2010

Year

20 Mtoe

2003
Figure 4. EU25 Biomass Action Plan target

4.1.2. Thermal energy benchmarks
As observed in Figure 4, the present
contribution of biomass for heat in Europe
is more than double the contribution to
electricity generation. While Australia’s
warmer climate may mean that this is not
a realistic target for an Australian thermal
energy benchmark, it does serve to illustrate
the potential importance of this sector in
addressing a carbon-constrained future.

the increases planned in Europe have some
relevance as a possible benchmark
for Australia.

Data from the Firewood Association indicate
that Australia’s use of biomass for heating
may be at a similar order of magnitude to the
European experience. The potential growth
for this sector as the cost of carbon and other
policy measures are implemented means that

These international comparisons leave no
doubt that there is also significant potential
for the growth of bioenergy for thermal
generation in Australia.

There is similar potential for growth where
biomass displaces fossil fuels for industrial
and commercial applications including paper
and timber mills, the cement industry and
other industries such as food processing.

4.2. Competition for Biomass Resources
The “relative cost hierarchy” (Figure 5) for
biomass resources invariably places a higher
price on their use for food, fibre and transport
fuel, rather than for stationary energy.
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Figure 5. Relative cost hierarchy

Changes in policy to address climate
change are expected to increase the costs
of petroleum-based fuels therefore pushing
the value of transport fuels higher. This may
close the cost gap between transport fuels
and food and fibre applications. However,
this is not expected in the case of stationary
energy which must continue to compete
against fossil fuels such as coal and gas on
a price basis.
While policy changes designed to address
climate change will affect the absolute
costs of these biomass applications, it is the
industry view that the relative priority of their
costs will not change in the period to 2020.
This relationship is very important in

determining the vision for the Roadmap
as it means that the allocation of biomass
resources to stationary energy applications
will be governed by the delivery of a higher
value product, be that food, fibre or transport
fuel or some combination thereof.
The generation of stationary energy from
biomass will therefore rely on low-value
by-products derived from the generation
of high-value commodities. It is a premise
of this Roadmap that there will be no
fundamental change to this hierarchy in
the period to 2020.
The impact of this relative cost hierarchy on
the Roadmap is profound and has multiple
facets as follows:
Biomass used in stationary energy will
almost always be a recovered waste or byproduct of a higher value process.
Unless stationary energy prices and/
or carbon prices associated with energy
production climb significantly from
projected levels, energy crops dedicated
solely to stationary energy are unlikely to
be economically viable.
The supply of biomass resources to
stationary energy will always be subject
to the long-term viability of the primary
products produced from the biomass
resources.
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4.3. Minimisation, Management
and Utilisation of Waste
There is justifiable concern that an
increase in the value of biomass resources
and primary wastes, arising from energy
production could add demand for more
“wastes”. The concept of sustainable waste
management aims to avoid this potential
outcome. Examples of legislation that
imposes such management aims are the
Waste Minimisation Act 2001 and NSW
Waste Avoidance and Resource Recovery
Act 2001.
The “waste hierarchy” widely adopted in
waste management strategies prioritises key
waste management steps as indicated
in Figure 6:

The long-term viability of Australia’s
bioenergy industry relies on access to
sustainable biomass resources. To achieve
this, consideration needs to be given to
the amount of “waste” resource available
in Australia and the various local, state or
national policies that govern the management
of waste and quantity produced.
When waste that is destined for disposal
can be recovered, diverted or used at waste
treatment/storage sites to create bioenergy,
use is made of an otherwise useless, and
potentially environmentally
detrimental resource.

1. Avoid the production of waste.

Waste avoidance

2. R
 ecover resources for reusing,
reprocessing and recycling.
3. Dispose of waste.

Resource recovery

Disposal

Figure 6. Waste hierarchy

4.4. Financing the Bioenergy Industry
4.4.1. Economic and
environmental drivers
The future viability of bioenergy will no
longer be benchmarked with the historical
wholesale electricity price of around $35 to
$45 per megawatt hour primarily because
of the imminent introduction of the Carbon
Pollution Reduction Scheme (CPRS) and
increase of coal and gas prices.

While there are currently a number of
mandated and voluntary schemes available
as potential revenue streams for bioenergy
projects, present government policy is to
reduce this to only two schemes, being the
expanded national Renewable Energy Target
and Carbon Pollution Reduction Scheme.

Capturing and storing waste CO2 from coalfired power stations is projected to add at
least $30 to $100 per megawatt hour to
current costs. Therefore coal-fired power is
expected to be twice to three times more
expensive in the future.

The latter scheme will impact bioenergy
projects through an increase in electricity
prices while the announcement of the
former (along with the implementation
of the Victorian VRET) has led to recent
and significant increases in the price for
Renewable Energy Certificates (RECs) as
shown in Figure 7 below.

McLennan Magasanik Associates (MMA)
suggest that to stabilise electricity emissions
at 2000 levels by 2020, the wholesale price
of electricity could be between $60 and $80
per megawatt hour due to the effects of a
carbon price.12
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Figure 7. REC prices13

4.4.2. Financing issues
The resource assessment that underpins
this Roadmap has shown that there is
sufficient biomass to supply a significant
proportion of Australia’s future stationary
energy generation. The resource assessment
also confirms that this capacity can be
implemented with the use of established
stationary energy conversion technologies.
12

 MA, Impacts of a National
M
Emissions Trading Scheme on
Australia’s Electricity Markets,
July 2006.

13

 arbon Market Economics,
C
2008.

However, in a general sense, the Australian
bioenergy industry is still relatively
fragmented and has yet to gain full
confidence from financial institutions at
a significant scale. Among the different
conversion technologies and biomass

resources available, many are still in their
pilot stage of establishing commercially
scaled plants in Australia. This immaturity
in various sectors of bioenergy leads
to investment doubts and means that
many sectors face difficulties in obtaining
appropriate financing.
Exceptions to this are the sugar, sewage
gas and landfill gas sectors where there is
now a significant history of commercially
viable projects and businesses that have
successfully implemented bioenergy projects.
These sectors now find that financing is no
longer a significant challenge to implement
new projects.
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In order to ensure the success of bioenergy
projects, the risks inherent to maintaining
supply of the bioenergy resource at the
right quality, quantity and price for the long
term need to be taken into full account. It is
essential that the investor and financier of a
bioenergy generation project take a holistic
view not only regarding the plant investment
but also the other products produced further
up the biomass value chain.
This is unfamiliar territory for “traditional”
electricity generators who are accustomed
to securing long-term take-or-pay contracts
for fossil fuels to underpin their investment
in long-lived and capital-intensive electricitygenerating plants.

Another related issue is that most upstream
businesses that produce food, fibre and other
products from biomass have little expertise
or interest in stationary energy conversion.
This issue is compounded by the fact that
stationary energy conversion is characterised
by long-term, high-capital costs.
In spite of these challenges, it is expected
that within the 2020 timeframe, there
are a number of organisations capable of
deploying proven technologies such as direct
combustion, co-firing and anaerobic digestion
to produce a rapid growth in the contribution
of bioenergy to Australia’s stationary
energy supply.

4.5. Local Air Quality Issues
The use of biomass resources for bioenergy
applications can have implications for local
air quality within the proximity of the plant.
However, at most sites where biomass
resource is available in sufficient quantities
for a reasonable scale of plant, this will tend
to be in regional or rural areas where issues
such as Nitrogen Oxides (NOx) emissions are
not of critical importance to the local
air shed.

In addition, odours associated with other
methods of disposal or treatment may also
be reduced when replaced by bioenergy
conversion processes.
In the case of bioenergy plants being located
close to urban areas, there are technologies
available to mitigate such emissions. The fuel
preparation process and temperature control
in the conversion process are critical in
this respect.

Bioenergy generation can displace a
significant amount of pollutant emissions
such as particulates, sulphur dioxide (SO2)
and NOx which affect local air quality and
pose health concerns, when replacing fossilfuelled energy generation.14

4.6. Bioenergy Conversion Technologies
4.6.1. Direct combustion
and co-firing
Combustion and co-firing technologies are
well established in Australia and overseas
and are the most proven and commercially
viable technologies available for the
conversion of biomass fuel to stationary
electricity generation.
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Co-firing involves co-utilisation of biomass
feedstock with fossil fuel. This partial fuelswitching technology can be a cost-effective
alternative to building new generating
capacity as it can be utilised in existing
power generation plants.

Direct combustion is often used in
cogeneration applications as it is well suited
to generating the steam utilised in many
thermal applications. Where there is a good
match between heat and electricity loads in
cogeneration applications, efficiencies of over
80% are possible.
Suitable feedstocks for these technologies
include combustible wastes such as
municipal solid wastes (MSW), wood-related
wastes, agricultural wastes and energy crops.

Exhaust gases

Feedstocks

Air

Steam
turbine

Generator

Electricity

Boiler
Ash

Figure 8. Direct combustion

Heat

4.6.2. Anaerobic digestion
Anaerobic digestion and the associated
biogas electricity generation cycle are very
well-established technologies that are
commercially proven in operation around
the world. While the number of plants
in Australia is presently relatively small,
this reflects market conditions rather than
technical and commercial viability.

This technology is capable of processing
large quantities of waste on a continuous
or batch basis. The biogas produced
through anaerobic digestion is well suited to
cogeneration processes either by utilising
the waste heat produced by the engine or
by using the biogas as a fuel for
direct combustion.

During anaerobic digestion, about half
of the biomass is converted into biogas,
which is fed into a gas engine to produce
electricity and/or thermal energy. The other
half becomes an organic slurry, which can be
used as fertiliser.

Municipal solid waste, commercial and
industrial waste, and wet wastes such as
livestock manure, are typical feedstocks for
such technology.

gas

Feedstocks

Bio
Digester

Figure 9. Anaerobic digestion
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Transport
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4.6.3. Compacted biofuel
Compacted biofuel refers to the compression
of low moisture biomass into compact
briquettes or pellets to achieve a higher mass
densification than regular biomass.
Torrefaction, a thermochemical treatment
process, is used to enhance the compacted
biofuel by lowering the moisture content and
increasing the energy content to about 30%
more per unit of mass.

These products can be kindled quickly and
used in direct combustion devices, such as
domestic stoves and wood heaters and also
commercial furnaces and boilers. As they
are very compact and stable, the pellets can
easily be transported, stored and handled.
Typical biomass resources used by this
process include timber waste, sawdust and
agricultural waste.
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4.6.4. Pyrolysis
The char contains much of the carbon in a
solid form which can act as a soil enhancer
or carbon storage when worked into the
ground or as a feedstock for other processes.

Pyrolysis is a process that produces multiple
streams of products. There are two main
types of pyrolysis:
Fast pyrolysis typically takes place in a
second or less and can achieve up to
75% conversion of the dry biomass to
a liquid fuel. The balance of the
biomass is converted to char and
non-condensable biogas.

Fast pyrolysis has been demonstrated
commercially over a number of years by two
Canadian companies.15 Slow pyrolysis has
been demonstrated commercially in various
parts of the world as a method of making
wood charcoal for metallurgical applications.

Slow pyrolysis produces mainly biogas and
char, plus some liquids.

Although attracting local and international
investment, pyrolysis has not yet achieved
the same level of broad-based commercial
viability as direct combustion or anaerobic
digestion.

Subject to satisfactory cleaning, the biogas
produced can be used to fuel stationary
energy plants. The liquids can be used as
fuel in boilers and some gas turbines and
have potential for other high-value products
that could provide additional revenue streams
to enhance commercial viability.
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Figure 10. Pyrolysis

4.6.5. Gasification and combined
cycle generation
combined cycle generation is proven with fossil
fuel feedstocks and can also be readily applied
to cogeneration processes.

Gasification is a well-established technology
for a variety of homogenous feedstocks and
has been practised in thermal applications
for many years. It is the process of heating
solid fuel with limited supply of oxygen.
Due to the lack of oxygen in the process,
much of the fuel turns into a combustible
gas. This gas can then be used in a gas
turbine combined cycle plant to produce
greater efficiency than standard direct
combustion and steam turbine (Rankine
cycle) power plant. Gasification and

However, in spite of multiple large-scale
trials in Europe and the US, the operation
of gas turbines on wood gas has not yet
been commercially viable. Small-scale
gasification using reciprocating engines has
been implemented successfully in various
countries.16
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5. The Potential Contribution
of Bioenergy in Australia
5.1. Biomass Resource Appraisal
The biomass resource appraisal (see
enclosed CD-ROM) was developed using
a “bottom up” approach that was based
on a technical and economic evaluation of
each sector of Australia’s available biomass
resources. This means that it does not
attempt to quantify the bioenergy potential of
the total biomass available in Australia but
focuses on those resources where there is a
prospect that the resource can be matched
with an appropriate technology to contribute
economically and in a sustainable manner to
stationary energy supply. Table 3 below lists
the bioenergy resource sectors evaluated.

Using Clean Energy Council’s Plant Register
of Renewable Generators, Office of the
Renewable Energy Regulator’s Register of
Accredited Power Stations and expert input
of the steering committee and others, it has
been possible to evaluate and calculate the
potential contribution to electricity generation
with a degree of accuracy and confidence.
This has allowed the biomass resource
appraisal to be presented as a target for
bioenergy contribution to 2020 as well as a
separate long-term appraisal of the overall
potential of the available resources.
There is, however, much less available
baseline information on thermal energy and
therefore this area requires more work in the
future to evaluate the potential
bioenergy contribution.

Table 3. Bioenergy Resource Sectors

Resource Sector

Description

Agricultural-related
wastes

Agricultural-related wastes are a very diverse resource including
resources such as crop and food residues and livestock wastes.

Energy crops

Energy crops refer to short rotation crops that are coppiced or
other crops grown for the purpose of bioenergy production as
well as woody weeds.

Landfill gas

Landfill gas captures the methane emitted from landfills which
is produced from mainly municipal solid wastes and industrial
wastes, to generate bioenergy.

Sewage gas

Sewage gas captures the methane emitted from the solid organic
components of sewage collected by water utilities to produce
bioenergy.

Sugarcane

The fibre of processed sugarcane, known as “bagasse”,
contributes to sugar mill electricity exports. The trash, tops and
leaves resulting from the harvesting can potentially be used to
add to electricity generation.

Urban biomass

Urban biomass consists of food-related wastes, garden organics,
paper and cardboard material, and also includes urban timber
(i.e. from construction and demolition timber).

(including urban timber
wastes)

Wood-related
wastes

This resource includes wastes produced in the harvesting and
processing of wood such as sawmill and pulp-mill residues.
(Additional potential is in urban waste such as urban timber.)
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5.2. Bioenergy Target for Electricity
Generation by 2O2O
The biomass resource appraisal identified
that an annual target of approximately
11,000 gigawatt hours per annum of
electricity generation can be delivered from
an equivalent of about 1,845 megawatts
of installed capacity to 2020. This includes
both existing and new capacity and is a
realistic target for bioenergy in Australia
based on current and anticipated energy
market conditions and policies as well as the
implementation of the strategies outlined in
this Roadmap. This represents a contribution
of approximately 18% of the national
2020 target of 60,000 gigawatt hours of
renewables which will make up the 20% of
Australia’s forecast electricity demand.

In Australia the average household electricity
consumption in 2006 was about 7.1
megawatt hours.17 This target of 11,000
gigawatt hours can deliver enough electricity
to power about 1.5 million homes by 2020.
The Australian Government is projecting
that Australia’s electricity demand will be
about 300 terawatt hours by 2020. This
Roadmap target supplies about 4% of
that demand which is over four times the
current contribution to electricity generation.
Although a potential significant improvement
for Australia, this remains well below the
14% benchmark already being reached by
the leading European countries.

The bioenergy target for electricity generation by 2O2O
Resource

2020 Target (GWh)

Sugarcane

3,165

Wood-related wastes

2,948

Landfill gas

1,880

Sewage gas

901

Agricultural-related wastes

791

Urban biomass (including urban timber wastes)

721

Energy crops

218

Total

10,624

Energy crops
2%
Agricultural-related wastes
7%
Sewage gas
8%

Sugarcane
30%

Urban biomass
(including urban timber)
7%
ESAA, Electricity Gas Australia,
2007
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 ustralian Business Roundtable
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on Climate Change,
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Landfill gas
18%

Wood-related wastes
28%
Figure 12. The bioenergy target for electricity generation to 2020 by sector

5.2.1. Biofuels for stationary energy
Blends of liquid fuels derived from biomass
such as biodiesel blended with petroleum
diesel are already contributing to electricity
generation in Australia, particularly in remote
off-grid locations such as mining sites and
tourist facilities.
Ethanol, another potential fuel for stationary
generation, can be produced from the
fermentation of biomass feedstocks.
Biodiesel is usually produced from vegetable
oil or animal fat feedstocks. Glycerol, a
by-product of this process, is also used for
co-firing with fossil fuels, including coal.
In 2005–06, Australia produced and
consumed 57 million litres of biofuels,
consisting of 41 million litres of fuel ethanol
and 16 million litres of biodiesel.18

However, of late, many existing biodiesel
plants have been mothballed (e.g. Australian
Biodiesel Group’s Berkeley Vale refinery in
New South Wales, Australian Renewable
Fuels’ Largs Bay and Picton facilities in
Adelaide and Western Australia) or are
operating significantly below full production
capacity (e.g. Eco-tech Biodiesel and
Australian Biodiesel Group’s
Narrangba facilities).
This current low production of biodiesel is
largely due to the rise in feedstock costs
which accounts for 60 to 70% of biofuel
production costs. There is also a lack of
consumer demand as well as an excise
issue looming in 2011. For these reasons,
the potential contribution of biodiesel to
stationary generation in 2020 is limited.

5.3. Potential Bioenergy Contribution to
Electricity Generation by 2O5O
The long-term potential to 2050 that was
estimated in the biomass resource appraisal
is 73 terawatt hours per annum, which
is about seven times the size of the
2020 target.

This long-term potential is very important
because it demonstrates that the 2020 target
is the first step in a journey that can deliver
a very significant contribution to Australia’s
stationary energy future.

This potential is in line with the 2004
Clean Energy Future for Australia report
that anticipates bioenergy contribution to
electricity generation of 68 terawatt hours
to 2040.

The Australian Business Roundtable on
Climate Change19 estimated that bioenergy
could supply between 19.8 and 30.7% of
Australia’s electricity needs by 2050. This
also confirms the key role that can be played
by bioenergy.

The potential long-term bioenergy contribution to
electricity generation
Resource
Agricultural-related wastes

Long term potential (GWh)
50,566

Sugarcane

7,800

Wood-related wastes

5,060

Urban biomass (including urban timber wastes)

4,320

Landfill gas

3,420

Sewage gas

929

Energy crops

534

Total

72,629
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7%
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11%
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69%
Figure 13. Australia’s potential long-term bioenergy contribution to electricity generation by sector

5.4. Potential Bioenergy Contribution to
Stationary Thermal Energy
5.4.1. Thermal energy potential
To be effective, a roadmap needs not only
to choose a destination and a means of
getting there, but it also needs to establish
the starting point for the journey. This is
a significant issue in the case of existing
thermal energy generation from biomass
in Australia.
There is very little reliable and up-to-date
information available in relation to the
biomass used for thermal energy in the
stationary energy sector by commercial and
industrial energy users. This lack of data
is a fundamental impediment to the future
development of the thermal energy sector.
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Existing users need to be surveyed to learn
from present applications as well as to
provide a baseline to guide the development
of the thermal energy sector to its actual
potential. This is particularly important
in view of the potential for fuel switching
from fossil fuels to alternative biomass fuels
stimulated by the cost of carbon emissions.

Space and hot water heating
Australia uses a significant amount of
firewood for home and space-heating
purposes. The Firewood Association of
Australia quotes the study by Driscoll
et al. which estimated that Australia’s
annual consumption of firewood is around
4,000,000 tonnes.20

The Firewood Association of Australia
is the vehicle for the implementation of
the national “Code of Practice” issued by
government. With continued government
support, compliance to the code addresses
the biodiversity and air quality impacts
of domestic wood heating, through
better industry practices and consumer
education. The framework of government
bioenergy policy is likely to stimulate further
technological improvements in the
efficiency and smoke emission levels of
wood-burning equipment.
Internationally, many countries are
implementing new wood-fired space heating
technology based on pellets to mitigate
transport and air quality issues associated
with the use of firewood. These pellets have
very low moisture content and create little
ash, which allows wood-fired space heating
to be used even in high-density urban
environments without some of the inherent
disadvantages that apply to traditional
fireplaces and wood-heaters. These benefits
have led to the annual production of over 6
million tonnes of wood pellets worldwide in
200621 and with many plants adding to this
production capacity.
There are several projects under development
in Australia that are well advanced in their
plans to manufacture wood pellets for the
European and Japanese markets.

Space and hot water heating

Cement industry

(continued)
Australia has ready access to an array of
natural firewood species of a quality and
quantity that does not exist in most other
countries. Governments can do much to
improve the efficiency and ease of access
to firewood resources that are currently left
unused as residues from forestry, roadline
and other operations on both public and
private land. Properly prepared solid firewood
could be combusted just as efficiently as
pelletised products.
(For more information, please refer to
section 2.1 of Biomass Resource Appraisal –
see enclosed CD-ROM.)

Commercial and industrial
thermal energy
It is also known that biomass is currently
being used in a wide range of commercial
and industrial applications in place of fossil
fuels to provide steam or space heating for
a variety of purposes. However, unlike the
case for electricity generation where the
Clean Energy Council has researched and
maintains records of existing bioenergy
generators, no such collated data for the
thermal energy contribution of bioenergy
in Australia exist. This lack of data is a
fundamental impediment to the development
of the sector and needs to be addressed to
provide a baseline to guide the development
of the sector.
This is particularly important in view of
the potential for fuel switching that will be
stimulated by the increase in cost of fossil
fuels because of their GHG emissions.
Again, as for fireplaces, these are wellestablished technologies with the use of
biomass for boiler fuel, for example. It can
be anticipated that fuel switching from fossil
fuels to alternative biomass fuels will also
be a common response to a price applied to
carbon emissions.

This industry’s reliance on coal and natural
gas for fuel can be reduced by increased use
of low-cost waste biomass resources and
end-of-life products such as tyres, demolition
timber, tallow and blended solvents.
By burning recovered biomass waste as a
substitute for fossil fuel in a cement kiln,
savings are made in terms of resource
conservation and associated CO2 emissions.
The cement kiln also makes more efficient
use of the intrinsic energy of the waste
material. Specialist waste incinerators are
very inefficient converters of the heat content
of wastes, whereas a cement kiln approaches
100% efficiency.22
The cement industry is able to provide
a solution to the problem of disposing
of biosolids, a by-product of the sewage
treatment process. In the energy-intensive
cement manufacturing process, these
biosolids provide an alternative renewable
energy source to fossil fuels where its
non-combustible portion replaces quarried
sand, a raw material input to the cement
production process.
High-energy algal biomass can also be used
directly by a cement kiln as an alternative
fuel. In addition, these plants have biosequestration values as the algae also absorb
some of the CO2 being produced by the kilns.
The potential downstream products of algae
cultivation such as biodiesel, bioethanol and
animal feedstock can improve the economics
for the eventual commercialisation of
this technology.
(For more information, please refer to
section 2.2 of Biomass Resource Appraisal –
see enclosed CD-ROM.)

(For more information, please refer to
section 2.2 of Biomass Resource Appraisal –
see enclosed CD-ROM.)
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6. Bioenergy Roadmap
Strategies
This Roadmap is a strategic study
and report that seeks to provide a
clear path forward for the bioenergy
industry. This section identifies the
objectives, issues and actions required
to increase the contribution that
bioenergy makes to stationary energy
generation in Australia to 4� by 2O2O.
The biomass resource appraisal (see
enclosed CD-ROM) identified that there
are adequate supplies of economically and
logistically accessible biomass resources
to support a target of 11,000GWh per
annum (or about 4% of Australia’s electricity
production) for bioenergy by 2020.
Achieving this target is the fundamental
objective of this Roadmap. In addition to this
electricity generation target, it is a Roadmap
objective to achieve similar growth in the use
of bioenergy resources for thermal stationary
energy applications.
If the 2020 targets set in this Roadmap
can be achieved, they will have helped to
establish a robust bioenergy industry capable
of growing the contribution of bioenergy to
much higher levels in the period
beyond 2020.

Generally the technologies required to
implement successful biomass-based
stationary energy already exist in Australia or
elsewhere in the world. Therefore the key to
the success of bioenergy lies in areas such
as publicity, policy and industry development
rather than the development of basic
technology. Where technology issues and
actions are relevant in the period to 2020,
they are included in the specific sectors in
section 6.2.
As each sub-sector of the bioenergy industry
has specific objectives, issues and actions,
this chapter has been divided into
three sections:
Section 6.1 documents the overall
objectives, issues and actions required for
the entire stationary bioenergy industry
to 2020.
Section 6.2 identifies objectives,
issues and actions required in specific
resource sectors.
Section 6.3 focuses on strategies to
continue the momentum beyond 2020.

6.1. Overall Strategies for the
Stationary Bioenergy Industry
The overall objectives, issues and actions for all sectors of the stationary bioenergy industry
are outlined in this section.

Objective 1
To develop effective industry advocacy and capacity building leading to a growing
and viable bioenergy industry. The ultimate objective is that the bioenergy sector
becomes a significant and self-sustaining part of the clean energy industry.

Issues
The bioenergy industry in Australia is
comprised of diverse sectors that currently
work individually to represent their
specific interests. Stronger collaboration
across the bioenergy industry is required
if it is to influence government and take
up opportunities of sharing in industry
development initiatives.
Advocacy for bioenergy has been
fragmented in the past and is not as
well organised and funded as for other
renewable resource and technology areas.
The process of developing the Roadmap
has led to a collaboration of the
stakeholder groups that needs to
be used as a basis for more effective
future advocacy.
The growth of the industry can only
occur if there is a strong and suitably
qualified workforce to support the
design, construction, commissioning and
operation of assets. The industry as a
whole needs to consider workforce issues
and undertake planning to ensure skills
gaps are addressed.

Actions
The Clean Energy Council will provide an
ongoing forum for the stakeholder groups
to meet and implement the objectives
and actions of this Roadmap.
Establishment of this Bioenergy Forum
with representatives from the broad
range of industry associations building
on the successful collaboration in the
Roadmap’s development must work to
strengthen and build stakeholder and
public confidence and support for
the sector.
The stakeholder groups that have
contributed to the Roadmap and
endorse its content accept that they
have responsibility to advocate for the
implementation of the objectives and
actions in this Roadmap.
Development of a Workforce Strategy for
the industry to ensure there is a skilled
and suitably qualified labour market
to support the industry’s projected
expansion to 2020.
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Objective 2
To ensure that bioenergy achieves a public profile as a desirable and
sustainable renewable energy source at a level similar to that achieved by
wind and solar power.

Issues
There is much confusion that appears
to be unique to Australia (among OECD
nations) about the beneficial use of wood
waste to produce stationary energy. This
is largely due to the success of some
environmental groups in linking the issue
of wood wastes to the preservation of
native forests. This does not appear to
be an issue in other countries where
bioenergy is implemented and accepted
on a much broader scale.
The more recent food versus fuel debate
has further clouded public perceptions for
bioenergy even though this is really about
first generation biofuels.
If a more positive public profile can be
achieved it will increase demand for
bioenergy at the consumer level and help
to overcome some of the policy issues
that currently impede the development of
the industry.

Actions
A public information and publicity
campaign to promote the environmental,
economic and social benefits of bioenergy
to be scoped and implemented by and for
the industry which has created
this Roadmap.
A component of the campaign to focus
on the legal and finance sectors and all
levels of government.
Government to collaborate with industry
and assist with funding as required
for rolling out public information and
communications programs.

Objective 3
To ensure that bioenergy is treated equitably in all matters of policy when
compared with other renewables.

Issues
Other forms of renewable energy
currently enjoy feed-in tariffs in some
Australian jurisdictions.
Many countries have successfully
improved the penetration of
bioenergy by employing feed-in tariffs
for bioenergy plants.
Australian building regulations and
energy-rating programs which currently
include support for renewables such
as solar, should also include the same
support for bioenergy installations.
Internationally there are a number of
programs that encourage and enhance
bioenergy usage, for example “Greener
Homes Scheme” (Ireland), “Low Carbon
Buildings Programme” (UK). In Australia,
similar programs are being introduced.
However, these need to be reviewed to
ensure that they also encompass and
promote bioenergy. Rebates and subsidies
for renewable energy must include
bioenergy. For example, rebates for solar
water heater installation should also be
provided for biomass-fuelled
water heaters.
It is important to ensure that programs
such as Renewable Energy Target (RET)
do not make it more difficult for the
beneficial use of wood wastes as an
energy source when compared with
other renewables.
Victorian Energy Technology Innovation
Strategy (ETIS) and federal renewable
fund of $500 million must treat
bioenergy equally to all other forms
of renewable energy.

Actions
Feed-in tariffs for small-scale bioenergy
generators to be introduced by
government(s). International experience
can guide development and deployment
of appropriate feed-in tariffs to suit the
size and/or technologies of bioenergy
plants in Australia. Further research
in collaboration with industry and
government should be undertaken to
establish appropriate and agreed
feed-in tariffs for the Australian
bioenergy industry.
Advocate for programs that encourage
and enhance bioenergy usage where
other renewables are already part of
these schemes and where fuel switching
to biomass has beneficial effects.
The Commonwealth Government to
simplify the RET to allow wood waste to
be used more readily for bioenergy.
A review of both federal and state
government policies to be undertaken
to allow wood wastes already covered by
existing frameworks such as Regional
Forest Agreements (RFAs), to be used
more readily for bioenergy.
The Bioenergy Forum to work
collaboratively to evaluate and report on
thermal energy from biomass to build the
case for growth in this sector.
Ensure that an equitable part of all
government funding for renewables
is allocated to bioenergy to allow the
industry to grow to its potential.

Policies at all levels of government need
to encourage the use and development of
all sustainable forms of bioenergy.
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Objective 4
To ensure that the overall renewable energy industry is encouraged to make
long-term investments, particularly in bioenergy, through the implementation
of announced policies that allow renewables to compete with fossil-fuelled
stationary energy.

Issues
Government policies such as the Carbon
Pollution Reduction Scheme (CPRS) and
Renewable Energy Target (RET) must be
designed so that bioenergy generators
that reduce emissions (such as fugitive
emissions) from wastes through their
generation plant are able to obtain
the benefit.
Ensure that price of carbon is reflected
in electricity prices and thermal energy
prices to encourage the uptake
of bioenergy.

Actions
The 20% by 2020 Renewable Energy
Target (RET) to be implemented by the
government in 2008–09.
The Commonwealth Government to
implement its policy to introduce the
Carbon Pollution Reduction Scheme
(CPRS) by 2010 as scheduled and with
due regard to encouraging bioenergy
applications that reduce
fugitive emissions.

Ensure that the CPRS does not lead to
market distortions and undesirable land
use changes which would have adverse
impact on biomass fuel sources.

A transition policy, in conjunction
with the CPRS, providing incentives to
encourage and facilitate an increase in
the use of thermal energy derived from
biomass to be introduced by
the government.

Encourage fuel switching from fossil
fuels to biomass by introducing an
incentive equivalent to that of the RET for
stationary thermal energy applications.

Government needs to consider support for
biosequestration processes and projects
where similar objectives to that of
geosequestration can be achieved.

Biosequestration is a promising
alternative to the much touted
geosequestration but has received
very little attention and support from
government.

Objective 5
It is most important that bioenergy project proponents can secure long-term supply
of biomass to justify and support investment in long-lived generation assets.

Issues
Government policies, regulations and
legislation at all levels that have influence
on the use and management of biomass
must ensure that they do not jeopardise
existing or planned bioenergy generators.
For instance, government policies can
lead to market distortions which cause
undesirable land use change. Such policies need to be avoided to stop creating
uncertainty for stationary energy plants
either existing or planned.

Actions
Federal, state and local governments
need to ensure bioenergy generators are
able to secure long-term access to biomass fuels to provide greater certainty for
their investment in generating plants.

The bioenergy industry needs to encourage investors to take a more holistic view
of the biomass sector that is their fuel
supplier, and seek long-term risk-sharing
arrangements with this sector to allow
projects to proceed.

Objective 6
To ensure that connection of bioenergy generators secures full value created for the
National Electricity Market (NEM) or other grids in Australia.

Issues
The benefits of embedded generation are
currently not recognised in the value of
generators connected to the NEM or other
grids in Australia.

Actions
The process of connection of embedded
generation to the NEM or other grids
must be simplified to provide
cost-effective access and certainty to
new generation plants.
The NEM regulations must be reviewed
and revised to ensure that distributed
bioenergy generators are able to achieve
cost-effective access to the grid as well
as recognition of their actual value to the
grid in revenues.
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6.2. Sector-specific Objectives
and Actions
1. Agricultural-related wastes
Objective 1
To ensure that the agricultural sector has access to feed-in tariffs for
bioenergy applications.

Issues
Federal and state governments to
consider the provision of feed-in tariffs for
selected small-scale bioenergy facilities
the level of which will vary with factors
such as:

Actions
Advocate for a nationally consistent feedin tariff scheme to support small-scale
bioenergy facilities.

1. technology deployment
2. installed capacity
3. resource utilisation
The provision and funding of such a
scheme would need to be coordinated
in the context of the various state and
federal subsidies and programs currently
in place.

Objective 2
To create an integrated supply chain for waste generated by the agricultural
industry in order to ease feedstock logistics for bioenergy generation.

Issues
The adoption of an integrated supply
chain approach in the meat industry (and
similarly, in many food processing facilities) to manage energy in the agribusiness
sector, by using waste products inhouse
and recycling nutrient/ash material back
to farms must be encouraged. A key
outcome of adoption of such an approach
is the reduction in the need for transport.

Actions
Engage with the food industry and
encourage the introduction of integrated
supply chain approaches by the industry.

Objective 3
Ensure that bioenergy take-up is encouraged with proven practices within the
agricultural sector.

Issues
Internationally there is a range of policies
and strategies in place for agriculture and
agricultural processing sectors, including
anaerobic digesters on European farms.
These demonstrate potential for new revenue streams for farmers if adopted.

Actions
Research international best practice and
encourage take-up in the agriculture
and agricultural processing sectors in
Australia.

2. Energy crops
Objective
Obtain support to overcome impediments in the energy crop sector.

Issues
Investment in research and development
for mechanised harvesting of oil mallee
and other tree energy crops (where multiple stems make “European” style energy
crop harvesting inappropriate) needs to
occur to maximise the potential for
these crops.

Actions
Seek investment and funding for research
and development to support improved
harvesting techniques.

3. Landfill gas
Objective 1
Ensure that there are sufficient market incentives in place to facilitate the
continued improvement in landfill site capping practices to maximise landfill
gas capture.

Issues
To achieve continued and increased generation from LFG plants, landfill site capping practices to capture methane must
be improved. This will reduce fugitive
leakage of this gas to the environment
and increase the amount of LFG available
for use in current LFG plants.

Actions
Industry to advocate for incentive programs for the landfill gas sector to ensure
improvement in landfill gas capture rates
and generation and its continued operational viability.
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Objective 2
Maintain government support for GHG reduction schemes that are already in place
and contributing to emissions reductions.

Issues
Government recognition for the reduction
of methane by these generators through
Greenhouse Gas Reduction Scheme
(GGAS) transitional arrangements and a
well-designed emissions trading scheme
is essential to the long-term viability of
this industry.

Actions
Campaign to achieve government recognition of the positive environmental
benefits of GGAS processes, and secure
support for the industry through an emissions trading scheme.

4. Sewage gas
Objective
To promote sewage treatment facilities to utilise available waste to generate
bioenergy by upgrading their plants.

Issues
Existing sewage systems need to be
utilised to produce renewable energy.
Early separation of wastes and moving
liquid organic waste which can be
achieved through active promotion of
waste water treatment facilities to convert
from outdated, energy-consuming aerobic
technology to anaerobic technology.
This in turn enables biogas and energy
production.

Actions
Ensure adequate incentives are in place
so that technology is upgraded to ensure
the potential of this resource is maximised.

5. Sugarcane
Objective
To maximise cogeneration output by encouraging use of other waste products that
are otherwise unutilised.

Issues
The new cogeneration facilities at
Broadwater and Condong in NSW intend
to supplement their off-season fuel by
using a significant quantity of trash, tops
and leaves. Strategies to increase level of
trash, tops and leaves for fuel across the
industry have the potential to increase the
energy output of the sugar industry.

Actions
Encourage the use of trash, tops and
leaves by the industry to increase output
where agronomic practices allow.

6. Urban biomass (including urban timber wastes)
Objective 1
To make it possible for bioenergy generators to secure long-term supply contracts
for urban biomass to secure their investments.

Issues
The ability to secure sufficient urban
waste volumes under a single long-term
contract is key to the success of this
industry.

Actions
Consolidation of waste from a number of
local government municipalities needs to
occur. In addition, support mechanisms
for new technologies and new industry
entrants are required.

Objective 2
To have in place a consistent nationwide waste management strategy to coordinate
available wastes in urban communities.

Issues
A National Waste Strategy/Policy is
needed involving state and local governments to ensure that most if not all the
available wastes from this sector can be
coordinated, managed and utilised in the
most efficient way to produce products
such as compost and stationary energy.

Actions
Development of a National Urban Waste
Strategy/Policy to ensure consistency
in approach between states and local
governments, and stronger coordination
to maximise the resource potential from
this waste stream.
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7. Wood-related wastes
Objective 1
To assist the adoption and adaptation of new technologies through incentive
programs such as feed-in tariffs.

Issues
Feed-in tariffs to encourage implementation of small-scale wood gasification
electricity generation in modified engines.
This has been demonstrated overseas
and may provide small-scale commercial
opportunities in Australia in coming years.

Actions
Advocate for government to introduce
feed-in tariffs to support the expansion of
small-scale bioenergy generators.

Objective 2
To ensure that wood-related wastes are treated consistently at both national and
state levels for bioenergy use.

Issues
Changes are needed in regard to the way
wood waste from production forestry is
managed under the Renewable Energy
(Electricity) Act 2000 as well as in statebased regulations. Amendments are required to recognise the extensive environmental benefits of utilising wood residue
resources from all forms of forestry for
bioenergy generation.

Actions
Advocate for amendment to the Renewable Energy (Electricity) Act 2000 and
state-based regulations to achieve a supportive regulatory regime that encourages
the sustainable use of wood waste
for bioenergy.

8. Firewood and woodheaters
Objective 1
To investigate the potential of firewood to make a contribution to stationary
thermal energy.

Issues
The contribution that firewood makes
to bioenergy requires further research
to enable accurate determination of the
potential for future growth. Funding to
support this research is required.

Actions
Advocate for funding for further research
in this area. A better understanding of
the present capacity of the industry will
enable a more informed setting of future
growth targets for the sector.

Objective 2
To encourage use of efficient and low-emission heating equipment as well as the
production of its feedstock.

Issues
The opportunity to replace old and
inefficient heating equipment with
ultra-low-emission small-scale wood
heaters to take advantage of Australia’s
unique hardwoods needs to be further
explored and encouraged.

Actions
Develop information for both the public
and government on the potential of these
products in Australia, and encourage
support from government for the local
production of the fuels required for
these heaters.

In addition, support for the uptake of
these heaters, and the development of
biomass fuel preparation and drying
technologies (including pelletising and
torrefaction) must be encouraged to
secure production in Australia.

Objective 3
To ensure that households that embrace bioenergy heating receive the same
rebates as other renewables.

Issues
Internationally there are a number of
programs that encourage and enhance
bioenergy usage. In Australia, similar
Renewable Energy Rebate Programs are
being introduced. However, these need
to be reviewed to ensure that they also
encompass and promote bioenergy in
households. For example, rebates for solar
water heater installation should also
be provided for biomass-fuelled
water heaters.

Actions
Undertake further research and advocate
to ensure that government rebate and
support programs for households are
expanded to include bioenergy
technologies.
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9. Industrial and commercial
thermal energy
Objective 1
Research needs to be conducted to evaluate the potential contribution of industrial
and commercial thermal energy.

Issues
Bioenergy’s contribution to industrial
and commercial thermal energy requires
further study to accurately determine the
potential for future growth. Funding support to undertake this work is required.

Actions
Advocate for government funding to undertake research into bioenergy use and
potential for industrial and commercial
thermal energy. A better understanding of
the present capacity of the industry will
enable a more informed setting of future
growth targets for the sector.

Objective 2
To remove any regulatory barriers that prevent resource recovery best practices.

Issues
Regulatory barriers to resource recovery
are impeding the cement industry’s capacity in the area of bioenergy production.
The support of federal, state and territory governments is required to remove
these barriers. All levels of government
should encourage a shift away from waste
disposal towards true resource recovery,
reflecting modern resource management
practices and the environmental benefits
that this can bring. The cement industry
supports a waste hierarchy where all
recovery operations are considered at the
same level and where market forces are
allowed to operate freely.

Actions
Industry to work collaboratively with governments to remove regulatory barriers
and implement strategies to ensure best
practice and market competitiveness.

Objective 3
To ensure the continuity of financial support by the government for high-risk
resource recovery projects.

Issues
The government currently assists the industry with funding for high-risk resource
recovery projects, for example the use of
biosolids in cement production.
The continuation of this funding support
is essential.

Actions
Advocate for the continuation of government support for high-risk resource
recovery projects.

Objective 4
To ensure that biosequestration is given the same emphasis as other carbon
sequestration technologies.

Issues
The government currently promotes geosequestration. Biosequestration projects
should also be promoted and assisted.

Actions
Advocate for government support of
biosequestration projects.

The industry believes biosequestration
(e.g. algae grown in baths where the
carbon emissions from a kiln are bubbled
through) has an enormous potential to
reduce CO2 emissions and must be promoted as a viable alternative equivalent
to geosequestration.

1O. Technical issues
Objective
To ensure that any existing or planned funding programs should also be available
to bioenergy, particularly for improving the uptake of this technology to meet its
2020 target.

Issues
Funding is required from government to
undertake industry research and development to address technical issues so as to
enable the industry to reach the targets
and potential in the period to 2020.

Actions
Advocate for government funding
support for:
projects implementing commercialscale pyrolysis
projects implementing large-scale
transport, storage and reclamation of
biomass where the challenges faced
are unique to Australian resources that
cannot be met via existing equipment
from overseas
commercial-scale projects
implementing biomass fuel preparation
and drying technologies (including
pellets and torrefaction).
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6.3. Strategies for the Long Term
(beyond 2O2O)
There are a number of areas in the biomass
sector where longer term research and
development could deliver significant and
large-scale gains.
The Bioenergy, Bio-products and Energy
Program Research & Development Plan
2008 to 2012 by Rural Industries Research
and Development Corporation (RIRDC) is
an excellent starting point for these issues.
In addition, there are some specific areas
that demonstrate significant potential as
listed below. It is considered that any plan to
conduct research and development in these
sectors needs to be weighed up against the
possibility of adopting the results of better
resourced overseas developments.
The following actions are recommended to
advance the interests and potential of the
bioenergy sector in Australia beyond 2020.

6.3.1. Research and Development
Undertake a study into systems to deliver
low-density crop residues into economically scaled generating plants in Australian
conditions.
Conduct research and development to
improve biomass yields as well as pest
and disease control. Nutrient aspects
of agricultural and forestry residues are
important with growing costs for fertilisers.
Research technologies to improve
harvesting, transport and logistics.

6.3.2. International Links
and Learning
Australia should strengthen its
participation in International Energy
Agency (IEA) Bioenergy. IEA Bioenergy is
an international Research, Development
and Demonstration (RD&D) collaborative
program involving 20 countries plus the
European Commission, operating via the
conduct of several bioenergy tasks. It is
regarded as essential to maintain this
linkage to allow leverage off international
best practice experience in bioenergy.
Active participation in IEA Bioenergy will:
support the position of Australia’s forest
industry to lobby for a reform to state
and federal legislation dealing with
the use of forest residues for bioenergy
purposes
enable integration of forest biomass
harvesting with other IEA bioenergy
programs such as T38 (Greenhouse
Gas Balances of Biomass and Bioenergy
Systems) and T30 (Short Rotation Crops
for Bioenergy Systems)
create opportunities to access new
markets, particularly in reaction to
initiatives arising to address climate
change and in response to the
development of the Australian Emissions
Trading Scheme.
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B. Glossary
Anaerobic digestion: Decomposition
of biological wastes by micro-organisms,
usually under wet conditions, in the absence
of air (oxygen), to produce a gas comprising
mostly methane and carbon dioxide.

Coppiced: Regenerated by producing
multiple new shoots from a stump left
after harvest.

Bioenergy: Useful, renewable energy

Digester: An airtight vessel or enclosure in
which bacteria decomposes biomass in water
to produce biogas.

produced from organic matter. The
conversion of the complex carbohydrates in
organic matter to energy.

Biogas: A combustible gas derived from

Decentralised supply: Distribution supply.

Feedstock: Any material that is converted
to another form or product.

decomposing biological waste under
anaerobic conditions.

Fugitive emissions: Unintended leaks of

Biomass: Organic matter available on a

gas from the processing, transmission, and/or
transportation of fuels.

renewable basis. Biomass includes forest and
mill residues, agricultural crops and wastes,
wood and wood wastes, animal wastes,
livestock operation residues, aquatic plants,
fast-growing trees and plants, and municipal
and industrial wastes.

Calorific value: The potential heatproduction value of a wood source that
depends on the cellulose-lignin ratio, the
percentage of extractives, and the
moisture content.

Capacity: The maximum power that a
machine or system can produce or carry
safely. The maximum instantaneous output of
a resource under specified conditions.
Catalyst: A substance that increases the
rate of a chemical reaction, without being
consumed or produced by the reaction.

Cellulose: The complex carbohydrate that is
the principal constituent of cell walls in most
plants and trees.

Gasifier: Plant or equipment used for
converting solid fuel into a gaseous fuel,
generally rich in carbon monoxide
and hydrogen.

Gasification: Conversion of solid fuel into
gaseous fuel.

Greenhouse gases: Gases that trap the
heat of the sun in the Earth’s atmosphere,
producing the greenhouse effect. These are
CO2 (carbon dioxide), CH4 (methane), N2O
(nitrous oxide), HFCs (hydrofluorocarbons),
PFCs (perfluorocarbons), and SF6 (sulphur
hexafluoride).
Grid: An electric utility company’s system for
distributing power.

Hydrocarbon: Any chemical compound
containing hydrogen, oxygen, and carbon.
Joule: Metric unit of energy, equivalent to

have been incompletely combusted.

the work done by a force of one Newton
applied over a distance of one meter (= 1
kg m2/s2). One joule (J) = 0.239 calories (1
calorie = 4.187 J).

Chips: Woody material cut into short,

Moisture content: The weight of the water

thin wafers.

contained in the biofuel, usually expressed as
a percentage of weight.

Char: The remains of solid biomass that

Co-firing: Utilisation of solid, liquid or
gaseous forms of biomass along with a
fossil fuel.

Cogeneration: The sequential production of
electricity and useful thermal energy from a
common fuel source.

Combined cycle: Two or more generation
processes in series or in parallel, configured
to optimise the energy output of the system.
Combustion: Burning.

Nitrogen oxides (NOx): A product of
photochemical reactions of nitric oxide in
ambient air which is the major component of
photochemical smog.
Photosynthesis: Process by which
chlorophyll-containing cells in green plants
convert incident light to chemical energy,
capturing carbon dioxide in the form of
carbohydrates.

Pilot scale: The size of a system between
the small laboratory model size (bench scale)
and a full-size system.
Pyrolysis: The thermal decomposition of
biomass at high temperatures (greater than
200° C) in the absence of air.

Recovery boiler: A pulp mill boiler in which
lignin and spent cooking liquor (black liquor)
is burned to generate steam.

Thermal energy: Heating and
cooling energy.

Ton, tonne: One metric tonne (tonne) =
1000 kilograms.
Trigeneration: A process in which an
industrial facility uses its waste energy to
produce heat or electricity as well as cooling.

Solar energy: Energy radiated from the sun.

Turbine: A machine for converting the heat
energy in steam or high temperature gas into
mechanical energy.

Stationary energy: Electricity and

Watt: The common base unit of power in

thermal energy.

the metric system.

Steam turbine: A device for converting
energy of high-pressure steam into
mechanical power which can then be used to
generate electricity.
Sustainable: An ecosystem condition in
which biodiversity, renewability, and resource
productivity are maintained over time.

AUSTRALIAN
BIOENERGY ROADMAP
Biomass Resource Appraisal
This document details the results of the assessment of the
biomass resources in different bioenergy sectors in Australia
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