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Summary

While agricultural emissions are not directly subject to a carbon price under the Australian
emissions pricing scheme, the agricultural sector can still play an important role in Australia’s
emissions abatement through generating carbon offsets under the Carbon Farming Initiative.
The Carbon Farming Initiative is an offsets scheme that allows farmers and other land managers
to earn Australian carbon credit units by reducing emissions or storing carbon on the land and
in plants. This study explores the technical and economic abatement potential of the Australian
agricultural sector in the context of the Carbon Farming Initiative, with a particular focus on
livestock activities.

Technical abatement potential refers to the reduction in emissions that would be biophysically
feasible from all available abatement technologies. In contrast, economic abatement potential
refers to the reduction in emissions that can be achieved in an economically viable way.

Preliminary estimates of the technical abatement potential for individual abatement
technologies and practices are based on outcomes from recent research, including projects
undertaken as part of the Climate Change Research Program. The estimates are subject to the
uncertainty around the emissions reduction potential of individual abatement technologies and
the applicability of findings from the Climate Change Research Program under a wide array of
conditions.

For quantitative estimates of economic abatement potential, this study focuses on livestock
activities because these account for a substantial share of Australia’s agricultural emissions, and
the Climate Change Research Program and current policy settings provide useful information for
an abatement costs assessment for these activities. However, the estimates of economic
abatement potential for the livestock sector are limited to those technologies that are likely to be
eligible to generate Australian carbon credit units under the Carbon Farming Initiative. The
estimates are therefore indicative of the potential supply of Australian carbon credit units from
livestock-related abatement activities.

The estimates of economic abatement potential are generated using a bottom-up model of the
Australian livestock sector called the Farm Size Model. The Farm Size Model uses data from
ABARES farm surveys, the Australia Bureau of Statistics, and the Australian Greenhouse
Emissions Information System to disaggregate total livestock emissions into farm groups based
on size, jurisdiction, livestock type and manure management system. The economic viability of
implementing various abatement technologies at the farm level is calculated for each farm type
using a net present value approach. Marginal abatement cost curves are then constructed by
aggregating the economically viable abatement across farm types for various carbon prices.

The results suggest that the effect of the Carbon Farming Initiative on agricultural emissions are
highly sensitive to the carbon price and will be modest at low to medium carbon prices. Under
current carbon prices in Australia, farmers would not adopt many of the known emissions
abatement technologies for livestock without a significant reduction in their cost.

Of the technologies considered, the destruction of methane from manure generated in piggeries
offers the cheapest abatement opportunities. Supplementing the diets of milking cows with fats
and oils also offers opportunities, but only at significantly higher carbon prices. In terms of the
total amount of abatement, anti-methanogen vaccines have the potential to offer the most
significant reductions given their wide applicability. In comparison, abatement generated by
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other technologies or practices, such as methane destruction and feed supplementation on dairy
farms, are limited by their relatively narrow applicability.

The estimates of economic abatement potential presented in this report do not measure any
market or actual emissions reduction outcomes because they will depend on the final uptake of
abatement strategies. The economic abatement potential estimates have not considered any
issues or complexities associated with the individual adoption decision or process or any
institutional barriers to adoption, which in certain circumstances may be formidable.

vi
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1 Introduction

Since the start of the Carbon Farming Initiative (CFI) in December 2011, Australian farmers and
other landholders have been able to generate and sell Australian carbon credit units (ACCUs) by
undertaking eligible greenhouse gas emissions reduction or sequestration (henceforth,
abatement) activities. The CFI is an important component of the Australian Government’s Clean
Energy Future Package, simultaneously encouraging abatement in the land-based sector and
reducing the overall cost of meeting national emissions abatement targets.

Landholders’ participation in the CFI is voluntary. Many potential abatement technologies or
practices are available to farmers involving animal diet manipulation, animal waste
management and fertiliser application (DAFF 2012). Final uptake of these activities will depend
on a range of factors including biophysical suitability, policy compliance, economic costs and
benefits, and social and institutional settings for technology and practice adoption, as perceived
by farmers and other landholders. The personal characteristics, goals and beliefs of individual
farmers and landholders are likely to affect the decision to adopt a new technology or practice,
making estimation of final abatement challenging. However, estimates of technical or economic
abatement potential can provide a good approximation to maximum possible final abatement.

Technical abatement potential refers to the maximum emissions abatement that can be achieved
from implementing given abatement technologies or practices based on purely biophysical
attributes and suitability. These estimates are often based on expert judgement and an
understanding of the biophysical applicability and emissions abatement potential of the
technologies considered. When estimating technical abatement potential, the relative costs and
benefits of implementing the various scientifically proven technologies or other factors that
might enter the individual adoption decision are not considered (Figure 1).

Figure 1 Schematic view of the various types of abatement potential

eAvailable technologies

*Biophysically and technologically constrained
(for example, soil type and climate)

Technical potential

*Chosen measure of economic viability

eFinancially /economically constrained
(for example, high cost)

Economic potential

eLandholders' adoption decision

Final abatement eSocially and institutionally constrained
(for example, lifestyle and personal values)

In contrast, economic abatement potential refers to the emissions abatement that can be
achieved in an economically viable way. The abatement activities that are economically viable
will be a subset of the technically viable abatement activities and depend on the expected carbon
price. Estimates of economic potential require a clearly defined measure of economic viability;
net present value is the most commonly used measure. Economic abatement potential is
important because it recognises the importance of financial incentives in the adoption decision.
However, it is likely to overestimate the actual or realised emissions abatement potential
because social and institutional factors are often not considered.
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Research programs, such as the Australian Government’s Climate Change Research Program
(CCRP), have helped progress abatement technologies to a farm ready stage and contributed to
administration of the CFI by sponsoring development of emission measurement technologies.
The Department of Agriculture, Fisheries and Forestry and the Department of Climate Change
and Energy Efficiency are working together to facilitate the uptake of abatement technologies by
developing a CFI ‘positive list’ and a range of CFI methodologies (also known as ‘offset
protocols’) through industry consultation. Nevertheless, gaps remain in the understanding of the
cost effectiveness of implementing these technologies and potential opportunities in domestic
and international markets.

This report aims to: (1) highlight the technical abatement potential of selected abatement
technologies or practices available to Australian farmers and (2) estimate the economic
abatement potential in the Australian livestock sector from selected abatement activities.

The discussion on technical abatement potential draws on research outcomes from the CCRP
and provides an up-to-date assessment of the emissions abatement potential of selected
abatement technologies and practices. Abatement technologies and practices included in the
discussion cover methane emissions from enteric fermentation and animal waste, and nitrous
oxide emissions from cropping.

This report includes an economic abatement potential estimate for livestock methane emissions
because of the relative importance of livestock emissions, which accounted for about 70 per cent
of Australia’s total agricultural emissions in 2010 (Australian Government 2012a). Any major
agricultural emissions abatement efforts in Australia must target these emissions. No attempt
has been made to estimate the economic potential for reducing nitrous oxide emissions from
animal waste or fertiliser use in cropping. Given the current state of knowledge and data,
scientifically sound methodologies for these activities are less developed and any estimates of
abatement potential would be highly uncertain. The economic abatement potential of the
forestry sector, another important source of net emissions in Australia, was assessed in an
earlier ABARES study (Burns etal. 2011).

Unlike other studies that include a large number of potential abatement technologies and
strategies (for example, McKinsey & Co. Australia 2008), this study only considers activities that
are likely to be eligible to generate ACCUs under the CFI. By doing so, the estimates of economic
abatement potential presented in this report are synonymous with estimates of the potential
supply of ACCUs from livestock abatement activities under the CFI. The supply of ACCUs from
the livestock sector is part of the land-based sector’s contribution to the domestic supply of
carbon permits and the national abatement effort.

The next section describes the policy settings, including the CFI and related domestic and
international emissions trading schemes. Section 3 outlines the process of technology adoption
from an individual decision-makers perspective and discusses the role of policy in the adoption
of abatement technologies and practices. Section 4 draws on the CCRP for an up-to-date
assessment of the technical potential of selected abatement technologies and practices. Section 5
presents the economic potential of selected abatement technologies and practices available to
the livestock sector. Section 6 summarises the key findings of the current study and outlines
future research direction.
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2 Generating and selling CFl credits:
the policy settings

The CFI, which came into effect in December 2011, is the first federally legislated long-term
policy mechanism to encourage land-based sectors—not liable under the Australian carbon
pricing scheme—to participate in Australia’s greenhouse gas abatement effort. Together with
the Clean Energy Future (CEF) Package, the CFI provides farmers and landholders with
incentives to undertake abatement activities.

The current legislation lists a number of activities eligible for credits under the CFI. These are
broadly classified into Kyoto-compliant credits, which may be sold into the international or
domestic compliance markets, and non-Kyoto credits, which may be traded in the CFI Non-Kyoto
Carbon Fund (Table 1). Both sets of certified credits may also be traded in voluntary markets.

Table 1 Kyoto and non-Kyoto CFl-eligible activities

Kyoto-compliant activities Non-Kyoto activities
Reducing emissions from livestock Soil carbon management
Reducing emissions from fertiliser use Feral animal management
Reforestation Non-forest revegetation

Avoided deforestation
Improved forest management

Reducing emissions from waste deposited in landfills
before July 2012

Source: DCCEE (2013d)

The Clean Energy Regulator is the statutory authority responsible for administering the CFI as
well as the Carbon Pricing Mechanism, the National Greenhouse and Energy Reporting scheme
and the Renewable Energy Target. The regulator’s responsibilities for the CFI include:

approving CFI projects
issuing CFI credits

managing the holding, transfer, retirement, relinquishment and cancellation of units through
the Australian National Registry of Emissions Units (the Registry)

approving CFI auditors (DCCEE 2013a).

Participation in the CFI is voluntary. To take part, an applicant must first become a Recognised
Offsets Entity and open a registry account, for which they are required to pass a ‘fit and proper
person’ test. Once registered, applicants may submit their project application to the Clean
Energy Regulator for approval. Applications are assessed based on criteria about the eligibility
and legality of the project. For example, projects must use an approved methodology, meet
additionality requirements and not include any activities that are on the ‘negative list’
(discussed later). The application must also have necessary regulatory approvals, a statement of
consistency with relevant natural resource management plans, and proof of consent of other
parties with an eligible interest in the land.
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To ensure the integrity of CFI offsets, they must be:
additional—the activity would not have been undertaken in the absence of the CFI

permanent—carbon sequestration (or carbon sinks) should be maintained on a net basis for
100 years

measurable and verifiable—must use an approved CFI methodology
supported by peer-reviewed science
consistent with Australia’s international emissions accounting obligations
genuine—account for leakage and variability.

For more details, see DCCEE (2013e).

While farmers are able to submit projects for approval on an individual basis, the government
has proposed mechanisms to streamline the assessment and approval of abatement projects.
One such mechanism is the ‘positive list’ of abatement activities identified by the government as
activities that are not common. These are automatically deemed to be additional and will be
included in the CFI regulations. Items currently on the positive list include:

vegetation and wetland restoration projects, such as

- establishment of permanent plantings on or after 1 July 2007

- human-induced regeneration, on or after 1 July 2007, of native vegetation
- restoration of natural wetlands

legacy landfill gas projects, such as

- capture and combustion of methane from waste deposited in a landfill facility before
1 July 2012

livestock management and other activities, such as

- capture and combustion of methane from livestock manure

- reduction of emissions from ruminants by manipulation of their digestive processes
- application of biochar to soil.

The CFI regulation also identifies a ‘negative list’, which includes activities that may have an
adverse effect on the environment or communities including risks for water availability,
biodiversity conservation and land access for agricultural production. Such projects are
ineligible for CFI credits.

Being on the positive list of activities is only one part of the policy process that makes a project
eligible for CFI crediting. The CFI Handbook outlines five stages that a landholder or project
proponent must check to determine if the proposed activity is eligible for CFI credits (Australian
Government 2012b). Included in these stages is that projects must adhere to one of the
approved CFI methodologies that establishes a project’s baseline of ‘usual’ emissions, against
which abatement is measured.

Appendix A provides a summary of CFI methodologies that have been approved or are under
review by the Domestic Offset Integrity Committee (DOIC), as at 1 March 2013.
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The Australian Government implemented a price on carbon from 1 July 2012 as part of its Clean
Energy Future Package. Around 350 of Australia’s largest emitters are expected to pay for their
individual emissions (CER 2012). For the first three years, legislation will set the carbon price,
starting at $23 per tonne of carbon dioxide equivalent emissions produced, rising at 2.5 per cent
a year in real terms. This will transition into an emissions trading scheme (ETS) with a fully
flexible, market-determined carbon price from 1 July 2015 (Australian Government 2011).

The Australian Government has indicated its intention of linking the domestic ETS to the
European Union emissions trading scheme (EU ETS) from July 2015. Only one-way linking has
been proposed, by which Australian liable entities will be able to purchase international permits
to meet up to 50 per cent of their obligations. However, the amount of international Kyoto
offsets (that is, Certified Emissions Reductions from the Clean Development Mechanism) that
liable entities can use to meet their emissions liabilities will be capped at 12.5 per cent. While
domestic units—ACCUs—cannot yet be exported to the European Union, there are plans to
implement full linking by July 2018. Details of the linking, including whether the EU ETS will
accept CFI credits, are subject to negotiation.

On 28 August 2012 the government announced that the carbon price floor—previously planned
to be in place once emissions permit trading commenced in 2015—will not be implemented.
However, the European unit price will effectively operate as a price ceiling. This may lead to
increased volatility to the returns on projects under the CFI, depending on the degree of
exposure of domestic prices to the EU market. While current prices under the EU ETS are low,
the European Commission’s future measures are expected to increase and stabilise these prices
over both the short and long term (Ashurst Australia 2012).

The Australian Government is expected to consider links with other international schemes—
such as the New Zealand scheme—on a case-by-case basis.

The type of CFI credits will determine the potential markets to which these may be sold. During
the initial period from 2012 to 2015 when the fixed carbon price applies, liable entities in
Australia are able to meet up to 5 per cent of their emissions liability with the Kyoto-compliant
ACCUs, which are eligible for surrender under the Carbon Pricing Mechanism established under
the Clean Energy Act 2011 (Cwlth). After 1 July 2015 there will be no limit on the amount of
ACCUs liable entities can use to meet their emissions liabilities.

Credits gained for non-Kyoto activities (that is, non-Kyoto ACCUs) are not eligible to count
toward offsetting emissions by Australia’s liable businesses; instead, these may be purchased by
the Australian Government using the CFI Non-Kyoto Carbon Fund as well as by individuals or
businesses that wish to voluntarily offset their emissions. Past studies suggest that the voluntary
market for carbon offset credits is likely to remain a small fraction of the size of regulated
markets (Hug & Ahammad 2011). However, the Australian Government’s Non-Kyoto Carbon
Fund will increase demand for non-Kyoto ACCUs.

At the international level, potential buyers for CFI credits may include governments with
obligations under the next phase of the Kyoto Protocol, companies with emissions obligations
under national or regional schemes, and organisations voluntarily offsetting their emissions. In
December 2012 the Kyoto Protocol was amended to continue from 1 January 2013, with the
second commitment period to last eight years.
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Under the interim one-way linking with the EU ETS, it is expected that the price of Australian
carbon units (particularly, Kyoto-compliant ACCUs) will be determined by the European Union
Allowance price. This arrangement will give Australian businesses access to a source of credible
international units, providing another way to meet up to 50 per cent of their emission reduction
targets. At the same time, it would also expose ACCU prices to EU market dynamics.

Full linking of the Australian and EU carbon markets would provide scope for welfare enhancing
trade in carbon permits, and for reducing the costs of meeting the combined emissions
abatement targets of both regions. However, conventional economic rationale would suggest
that, despite Australia’s overall gains from international trade in carbon permits, some parties
within Australia will benefit while others may lose. Under the scenario where Australia is a net
importer of permits, farmers, landholders and other offset project proponents will be worse off
than with no international linking scenario, with most gains from linking accruing to other
sectors of the economy. The opposite will happen where Australia is a net exporter. The extent
of these gains and losses will depend on how international linking affects the domestic carbon
permit price.

The agriculture sector may benefit indirectly from low international carbon prices. This is
because, even where Australia is a net importer of permits, international linking provides the
opportunity for liable parties, including those in the energy sector, to lower their costs of
abatement and carbon policy compliance. This may benefit the agricultural sector through lower
energy prices.

Outside the European Union and New Zealand, there are currently few established carbon
markets. Regional schemes exist in Canada and the United States; Japan and the Republic of
Korea have previously proposed the possibility of introducing an ETS, but little progress has
been made in either country. China has also expressed its intention to establish a national
carbon market—with a number of regional pilot schemes having commenced in 2012 as part of
its 12th five-year-plan.
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3 Factors affecting uptake of
abatement technologies

The uptake of an abatement technology or management practice is the result of many
individuals’ adoption decisions. Ultimately, an individual farmer or landholder will adopt an
innovation if doing so will help achieve their personal goals. Goals will differ between individual
landholders and may include, but are not limited to, wealth and financial security,
environmental protection and enhancement, social approval and acceptance, personal integrity
and ethical standards, and balance of work and lifestyle (Pannell et al. 2006).

The adoption decision is often characterised as a process of learning and evaluation. For
example, according to Barr and Cary (2000), five basic steps need to take place before complete
and permanent adoption of a change in management practices can occur:

an awareness of a need or opportunity for change
collection and evaluation of information

a trial of the innovation

adoption of the innovation on larger scale
evaluation of decision and possible continuation.

Any factor that affects the learning and evaluation process or the extent to which an innovation
contributes to the landholder’s personal goals will affect the timing or scale of adoption. These
factors may be characteristic of the farm, landholder or innovation itself. As such, theoretical and
empirical studies have identified a large number of factors as being determinants of adoption;
many of these factors are interactive and have overlapping rationales.

For example, Rogers (2003) identifies five general characteristics of an innovation that are likely
to affect its adoption—relative advantage, compatibility, complexity, trialability and
observability. All of these characteristics either refer to the extent to which the innovation is
perceived to offer an advantage over alternative practices or affect the ease with which the steps
identified by Barr and Cary (2000) can be carried out. For example, the relative advantage of an
innovation, and its compatibility with current practices and beliefs, refers to the benefits the
innovation offers over alternative actions, taking into account the landholders’ personal goals
and objectives. Innovations that can be trialled on a limited scale (trialability) or have easily
observable outcomes (observability) are more likely to be adopted, or adopted more quickly.
These characteristics make evaluation of their relative merits easier and reduce uncertainty
around the future costs and benefits of adoption. In contrast, the adoption of innovations that
are more complex is likely to be slower, or never occur, as the collection and evaluation of
information may take longer or be too costly.

Economic models of adoption typically assume that landholders choose the timing or scale of
adoption to maximise some measure of wealth or welfare. Emphasis is placed on the effect of
uncertainty, landholders’ risk preferences, human capital and farm size on the incidence, extent
or timing of adoption (Feder et al. 1985; Sunding & Zilberman 2000).

In contrast, the social literature places more importance on landholders’ non-financial objectives
and the social aspect of the adoption decision process. In doing so, social networks, landholders’
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personalities, family situation and personal circumstances become important factors (Pannell et
al. 2006). In a meta-analysis of the empirical literature undertaken by Prokopy et al. (2006),
personal attributes such as education level, income, access to information, and awareness and
participation in social networks were all found to generally have positively influenced adoption.

Policy can play an important role in encouraging abatement in the agricultural sector by helping
farmers and other landholders overcome the technical, economic and social barriers to
adoption. Policy can influence participation in the CFI through at least three potential channels
(Table 2).

Table 2 Potential channels for policy influence

Channel Method Current policy

Technical Fund research into new and emerging technologies Climate Change Research Program

abatement Improve the applicability/effectiveness of existing  Filling the Research Gap

potential technologies

Economic Improve the cost effectiveness of known Carbon Farming Initiative

abatement technologies through research and development Clean Energy Future Package

potential Provide additional financial incentives

Final uptake Accelerate the adoption process through Extension and Outreach
information delivery and trial projects Action on the Ground

First, policy can influence participation by increasing technical abatement potential. This is done
by undertaking or investing in research to develop new abatement strategies and improve the
emissions abatement potential or applicability of existing ones. Under the CCRP, considerable
research has been undertaken to identify or develop new practical on-farm management
strategies to reduce agricultural emissions and take these strategies to a farm-ready stage.

Second, policy incentives can encourage farmers and landholders to undertake activities that
have been shown to reduce emissions. The CFI and the Australian carbon price scheme provide
landholders the opportunity to earn additional income through generating and selling carbon
credit units from eligible abatement activities. In doing so, the government programs under the
CEF Package can increase overall Australian abatement by encouraging uptake of existing
technologies. By providing financial incentives for undertaking on-farm abatement, the
Australian carbon price scheme may encourage new abatement technologies to be developed.

The third way to encourage uptake is to accelerate or support the learning and evaluation
process needed for adoption to occur. Two key components of the Carbon Farming Futures
Program are designed to do this: Extension and Outreach and, to a lesser extent, Action on the
Ground. Extension and Outreach will fund information delivery and extension services while
Action on the Ground funds on-farm trials and demonstrations of abatement technologies and
practices. Extension and outreach programs can inform farmers of the potential benefits of new
abatement strategies, reducing the time and costs of information gathering. Demonstration
projects verify that abatement technologies or practices can be implemented on-farm and
increase farmers’ awareness and understanding of the viability of strategies and how to
implement them. This reduces speculation and perceived uncertainty around the costs and
benefits of adoption and accelerates the rate of diffusion of technologies in the farming
community.
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4 Abatement technologies and
practices: technical potential

This section draws on the findings of the recently completed CCRP to assess the technical
potential of selected abatement technologies and practices. Technical abatement potential refers
to emissions abatement that could be achieved by implementing a given abatement technology
or practice based on purely biophysical attributes and suitability. Estimates of technical
emissions abatement are based on scientific evidence from field or laboratory trials of a
particular technology or practice under defined conditions.

The CCRP progressed many on-farm greenhouse gas abatement technologies and practices
toward on-farm application. Some technologies or practices are farm-ready and have CFI
methodologies either approved or under consideration by the DOIC. Others have been applied in
field trials with promising results, but further work is needed to develop robust evidence for the
emissions abatement potential of the technology or practice and its effects on productivity.
Other technologies or practices have been tested and found to provide promising laboratory
results that warrant field-testing or demonstrate proof-of-concept. CCRP research also
contributed to administration of the CFI by sponsoring development of emission measurement
technologies, a critical factor in enabling Australia to accurately demonstrate its greenhouse gas
emissions and abatement, and accelerating development of CFI methodologies.

The following discussion focuses on abatement technologies and practices relating to methane
emissions from enteric fermentation and animal waste; nitrous oxide emissions from cropping,
fertilisers and animal waste; and soil carbon sequestration. The underlying technologies involve
dietary management of ruminants, rumen manipulation through anti-methanogen vaccines,
breeding of low-methane cattle, animal waste management, fertiliser application and changes in
farm management practices (DAFF 2012). Some abatement technologies or practices reduce
emissions on an absolute basis (for example, per hectare per day or per animal per day), while
others reduce emissions based on production (for example, per volume milk yield or per
kilogram carcass weight). Many technologies or practices reduce both absolute and relative
emissions levels. To be CFI-eligible, a project must reduce absolute emissions.

Significant advances have been made in recent years in identifying and testing technologies to
reduce methane emissions from Australian livestock. A large part of this research has been
carried out under the CCRP. However, much of this research is preliminary. Greenhouse gas
emission mitigation strategies require differing degrees of research effort before delivering
practical on-farm solutions to producers. The effects of strategies that are available today are
mostly transitory (or dependent on continued application), while technologies likely to be
developed in the intermediate or longer term are targeted at more permanent solutions (for
example, breeding livestock that produce lower methane emissions).

Controlling methane production in the rumen

Preliminary results from the CCRP and wider research (for example, Beauchemin et al. 2008 and
Hegarty 2009) indicate that diet can influence the microbiology of the rumen in ways that can
reduce the amount of methane produced as a by-product of enteric fermentation. A number of
potential feed supplements have been explored including lipids, fatty acids, proteins, tannins
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and fat-tannins. All have reduced methane emissions in trials and some have productivity
benefits such as live weight gain and milk yield (DAFF 2012).

Most abatement technologies or practices offer up to a maximum 20 per cent abatement (Eckard
2012), and results are only applicable in certain sectors and production systems. In particular,
many dietary management strategies are only suitable for intensive livestock systems.

Dietary management for ruminants—dietary oils

Analysis of results obtained from the CCRP, as well as other key studies, demonstrate that for
each increase of 10 grams per kilogram of dry matter in dietary lipid concentration (about 1 per
cent of dry matter), enteric methane emissions are generally reduced by 0.79 grams per
kilogram dry matter intake (around 3.5 per cent reduction in methane on a dry matter basis)
(Moate et al. 2011). Results for different dietary oils vary around this average. For example,
whole cottonseed meal for dairy cows reduced methane by an average of 2.9 per cent for every
1 per cent added supplement in the diet. Brewer’s grain for dairy cows reduced methane by

9 per cent per litre of milk (or about 8 per cent per cow a day). Hominy meal for dairy cows
reduced methane by 14 per cent per litre of milk (about 10 per cent per cow a day). Sunflower
oil feed to beef reduced emissions by 19 per cent per cow a day.

Dietary management for ruminants—plant secondary compounds (tannins,
grape marc)

Grape marc (fed to late-lactation dairy cows) was shown in a field trial to reduce emissions by
about 17 per cent (ensiled grape marc: grams of methane per cow a day) or 20 per cent (dry
grape marc: grams of methane per cow a day). Condensed tannins (Acacia mearnsii) reduced
daily methane emissions from lactating dairy cows (by 14 per cent for a lower dose and 29 per
cent for a higher dose), but with significant adverse effects on milk, fat and protein yield. More
research examining effects of condensed tannins at lower doses is needed.

Dietary management for ruminants—nitrates

Nitrates provided in commercial lick-blocks to sheep in the paddock were found to reduce
methane emissions by about 8 per cent per sheep a day. This practice may only be suitable in
low-quality forage areas, such as those in northern Australia, because of the risk of nitrate
poisoning in high-quality forage areas.

Dietary management for ruminants—novel supplements, novel forages and
Australian natives

CCRP projects examined novel supplements, novel forages and Australian natives as fodder
alternatives and feed supplements in laboratory experiments and found significant reductions in
methane. They were not tested in animal trials. Promising options include almond hull, oculata
algae, various tannins, forgae plants (turnip, winfred, chicory, plaintain), tropical legumes (such
as species of Leucaena and Desmanthus) and plant extracts (for example, from Eremophila glabra
and Santalum spicatum).

Dietary management for ruminants—wheat feed for dairy cows

A CCRP trial feeding dairy cows a diet supplemented with either crushed wheat or crushed corn
showed a nearly 50 per cent reduction in methane emissions in the cows on the wheat-based
diet relative to those on the corn-based diet. There were significant reductions in milk fat yield
associated with the wheat diet. More research is needed to investigate the effects of lower
supplement levels on methane emissions and milk composition.

10
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Rumen manipulation—anti-methanogen vaccines

Anti-methanogen vaccines stimulate an immune response in ruminant livestock, resulting in
production of antibodies. These antibodies can then inhibit methanogen (the methane-
producing microbes present in livestock rumen; Wright et al. 2004) activity and, therefore,
methane production. Wright et al. (2004) found that methane production in sheep was reduced
by about 8 per cent a kilogram dry matter intake following a two-step immunisation process.
More research and development is needed before a vaccine could be made available to
producers. However, there is much interest in vaccines for methane reduction in livestock, as it
is a technique that could be used across the livestock sector, including in Australia’s extensive
grazing systems.

Breeding low-methane producing cattle

Research results suggest sires could be selected whose progeny would produce between 11 per
cent and 24 per cent less methane than high-methane-producing progeny of other sires in the
same herd. This result provides proof-of-concept that breeding solutions may reduce methane
emissions from livestock.

Livestock waste management

Methane capture and destruction from animal waste lagoons

Methane is a by-product of the anaerobic decomposition of organic matter in animal waste. As
such, more methane emissions are generated from manure stored in anaerobic liquid-based
systems such as tanks or lagoons than manure stored in dry or aerobic conditions (Australian
Government 2008).

Capture and flaring (that is, burning-off) of methane from animal waste lagoons significantly
reduces greenhouse gas emissions. Flaring methane reduces emissions because it converts a
potent greenhouse gas, methane, into a much less potent one, carbon dioxide.

The potential reduction in methane emissions depends on the efficiency of capture from the
lagoon. A fully covered wastewater lagoon can collect nearly all the methane produced, with no
or very minimal losses. A floating cover may capture less.

Flaring will destroy almost all the methane collected. The methodology for methane capture and
flaring in piggeries applies a 98 per cent reduction in emissions. Some sites may not treat all
their waste in covered lagoons, so the potential for a site to reduce their total waste methane
emissions will depend on the proportion of waste treated in lagoons, the proportion of the
lagoons that are covered and the type of cover used.

Managing manure and urine in the paddock

Research from the CCRP has demonstrated substantial reductions (from 35 per cent to 74 per
cent) in nitrous oxide emissions from dairy urine when the nitrification inhibitor dicyandiamide
is applied to the paddock. The application regimes that produce large emissions reductions are
unlikely to be practical for on-farm implementation.

The most significant greenhouse gas emitted from Australian cropping systems is nitrous oxide.
CCRP research found that nitrous oxide emissions can increase significantly after irrigation
events, high rainfall and the application of nitrogen fertilisers. The risk of an increase in nitrous
oxide emissions rises where soil carbon content is high, and the application of nitrogen fertiliser
occurs close to an increase in soil moisture (such as caused by rainfall or irrigation).

11
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A range of strategies for reducing nitrous oxide emissions identified by the CCRP, include:

efficient management of irrigation and fertiliser application
use of enhanced efficiency fertiliser

liming

incorporating legumes into crop rotations.

Irrigation management

Based on analysis of nitrous oxide emissions following nitrogen fertilisation and irrigation
events in Queensland cotton-farming systems, CCRP researchers identified management of the
timing and amount of irrigation as a strategy for avoiding high nitrous oxide emissions. They
recommended applying small volumes of water at regular intervals when water content is
depleted and avoiding large water volumes following application of nitrogen fertilisers or when
soil nitrate content is high.

Fertiliser management

Based on CCRP research on a range of cropping systems around Australia, the following
strategies were identified for preventing high nitrous oxide emissions:

avoiding the application of large amounts of fertiliser before planting
avoiding application of nitrogen fertiliser before irrigation or high rainfall events

improving fertiliser management to better match crop nitrogen needs with soil nitrogen
supply.
Enhanced efficiency fertilisers

CCRP researched the potential of enhanced efficiency fertilisers (EEFs) containing the
nitrification inhibitors dimethylpyrazole phosphate (DMPP) or dicyandiamide (DCD) to reduce
nitrous oxide emissions following fertiliser application. Use of EEFs containing DMPP reduced
nitrous oxide emissions from a corn rotation in Queensland by 60 per cent. Its use on sugar cane
in Queensland reduced emissions by 34 per cent. The use of EEFs containing DMPP or DCD on
ryegrass pastures in Victoria resulted in a 64 per cent or 35 per cent reduction in emissions,
respectively. Evidence suggests the potential reductions from using EEFs will change with soil
type, rainfall and irrigation practices.

Liming

Increasing soil pH by applying lime is a potential approach to reducing nitrous oxide emissions
from semi-arid cropping soils following rainfall events. Research from the CCRP showed that
annual liming fertilised acidic cropping soils in Western Australia and can decrease nitrous
oxide emissions by up to 30 per cent following summer or autumn rainfall events. However, the
total greenhouse gas emission balance of the farming system depends on these greenhouse gas

emissions reductions being greater than those associated with producing, transporting and
dissolving the lime. Further research into the use of liming is needed.

Crop rotations

Incorporating grain-legumes in crop rotations can reduce the need to apply synthetic fertilisers.
Reducing synthetic fertiliser use reduces the emissions associated with their production and
transport. Results from the CCRP suggest the use of grain-legumes as a rotation crop often has
no effect on on-farm nitrous oxide emissions, but in some circumstances can lead to spikes in
nitrous oxide emissions after the legume is incorporated into the soil. Further research is
needed to fully test the potential of this strategy for reducing greenhouse gas emissions.

12



Costs and potential of agricultural emissions abatement in Australia ABARES

Increasing the amount of carbon stored in soils is a potential way to reduce Australia’s emissions
of greenhouse gases from agriculture by offsetting a portion of the total amount of carbon
dioxide emitted into the atmosphere. The focus of current and recent research is accurate
measurement of soil carbon and identification of land regions and farming practices with
potential for increasing soil carbon content. The use of biochar to increase soil carbon is also
being investigated.

The influence of farm management practices

Research under the CCRP into the effect of farm management practices on soil carbon levels
produced mixed results. Research revealed that, in a given region, soil carbon levels were
generally higher in pasture systems than in cropping systems. This suggests that soil carbon
levels in mixed farming systems can be increased—or at least loss of soil carbon can be
slowed—by replacing crops with pastures. There is some evidence that soil carbon levels are
higher under perennial pastures compared with annual pastures.

For example, in southern parts of South Australia and Western Australia, soil carbon levels were
higher in kikuyu-based perennial pasture systems than in annual pastures. However, in the
Northern Agricultural District of Western Australia, perennial pastures of panic and Rhodes
grass had similar soil carbon levels to annual pastures. Results of studies in Australia’s
rangelands demonstrated that increased vegetation cover would lead to increased soil carbon
content. Field sampling of sites in New South Wales showed that management strategies such as
rotational grazing and pasture cropping appear to have little effect on soil carbon levels. Results
for the effect of minimum tillage on soil carbon were mixed, with some long-term studies
suggesting this practice can slow the breakdown of soil carbon.

Biochar

Biochar is a carbon-rich, stable form of charcoal that is applied to soils for production and
environmental benefit (such as increased soil fertility, increased agricultural productivity and
greenhouse gas mitigation). Biochar is produced by pyrolysis—a process in which biomass
sources such as wood chips, crop waste or manure are heated to high temperatures (400-700°C)
with little or no oxygen. Pyrolysis sequesters carbon by converting biomass that would typically
decompose (releasing carbon dioxide to the atmosphere) into a much more stable charcoal form.

Results from the CCRP showed that biochars are composed of high levels of stable carbon; this
stability is influenced by factors such as biomass type and production temperature. Biochars
produced at higher temperatures tend to have higher levels of stable carbon than biochars
produced at lower temperatures. Wood-derived biochars are more carbon rich, so these may
offer better options for carbon storage. In contrast, biochars produced from manures have
higher nitrogen and phosphorus levels, which may be more suitable for agricultural uses.

The CCRP also showed that biochars applied to soils are highly resistant to decomposition and
can therefore provide long-term carbon sequestration benefits. Biochar stability in soil
decreases with rising soil temperature and is affected by soil type.

Applying biochar to soils can reduce nitrous oxide emissions when soil conditions favour
denitrification of nitrate to nitrous oxide. The reduction in nitrous oxide emissions was also
shown to be affected by soil type and the type of biochar used. The nitrous oxide reducing
processes associated with biochar are not yet fully understood and require further research.

13
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More research is needed before use of biochar and management practices to increase soil carbon
can be realistically incorporated into the CFI. This research is being undertaken through
Australian Government research funding programs—Filling the Research Gap and the Biochar
Capacity Building Program.

The technologies described in this chapter are all in various stages of research and development,
so have varying capacity to contribute to the reduction of greenhouse gas emissions from
Australian agriculture. Some, such as reduction of nitrous oxide emissions through management
of irrigation and fertilisation practices, have the potential to be applied immediately. Others
require significantly more research before they are deployable. Even then, it is unlikely that they
will be able to be used with 100 per cent success across the Australian agricultural sector
because climatic and soil conditions are too variable. Nevertheless, it is useful to examine what
the technical abatement of national greenhouse gas emissions could be, should it be possible to
fully implement these technologies successfully. This will provide an understanding of their
maximum possible technical abatement potential.

The potential of various technologies and practices to reduce greenhouse gas emissions from the
agricultural sector (technical abatement potential) will depend on a combination of their ability
to reduce emissions from a specific source and the contribution that this source makes to
national emissions. For example, capturing methane emissions from animal waste ponds has the
potential to reduce emissions from these enterprises by up to 98 per cent. However, emissions
from animal waste contribute less than 5 per cent to the methane emissions from livestock, thus
reducing the overall technical abatement potential of this technology.

Figure 2 shows the possible ranges of emission reduction potential, possible applicability (given
current knowledge) and anticipated time frame of deployment of a number of abatement
technologies and practices targeting methane emissions from livestock. These estimates are
based on results from individual research projects undertaken as part of the CCRP, as well as
previous research. Considerable uncertainty surrounds the emission reduction potential and
applicability of the various abatement technologies and practices considered here. Many of the
technologies and practices explored under the CCRP and other research initiatives have only
been tested in vitro or under very specific conditions. As such, the extent to which these findings
are applicable to other regions, climactic zones, soil types, animal breeds and specific
management practices is highly uncertain. Figure 3 shows similar information for technologies
targeting nitrous oxide emissions from soil.

In addition to uncertainty around technical abatement potential, many of these activities may
never be implemented, or only implemented on a small scale, as the associated costs outweigh
any potential productivity benefits or financial incentives offered by the CFIL. The next section
extends this discussion by estimating the economic abatement potential of three key
technologies or practices under the CFI: methane capture and destruction, diet supplementation
with fats and oils, and application of anti-methanogen vaccines. These technologies were chosen
because, given current knowledge, they are most likely to meet the requirements to generate
offsets under the CFI. By limiting the analysis to CFI-eligible activities, the estimates indicate the
potential supply of ACCUs from livestock methane abatement activities under the CFI.

14
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Figure 2 Technical abatement potential of technologies targeting methane emissions from
livestock
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Note: The height of the bars (vertical axis) reflects the range of emissions reduction potential as applied to a specific source
(for example, animal manure, or methane emissions from the rumen of dairy cattle). The widths of the bars reflect the
proportion of total national methane emissions from livestock potentially targeted by the technology. The anticipated
period of deployment is reflected in the position of the bars and measured by the horizontal axis. The biological control
category includes experimental procedures such as phage therapy and enhancing natural competitive processes like
acetogensis.

Source: Data for this graph have been obtained from the final report of the Climate Change Research Program, Reducing

Emissions from Livestock Research Program (Davison et al. 2012; Eckard et al. 2010).
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Figure 3 Technical abatement potential of technologies targeting nitrous oxide emissions
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Source: Data for this graph have been obtained from the final report of the Climate Change Research Program, Nitrous
Oxide Research Program (de Klein & Eckard 2008; Grace unpublished; Wright 2013).
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5 Economic abatement potential in
livestock

This section presents estimates of economically viable abatement of Australian livestock
methane emissions under the CFI. The estimates are generated using a dynamic, bottom-up
model of the Australian livestock sector called the Farm Size Model (Box 1).

Economic abatement potential under the CFI will depend on the relative costs and benefits of
implementing abatement strategies at the farm level. These include additional expenditure on
material inputs, machinery and equipment, structures, labour, changes in productivity and
additional income earned through generation and sale of ACCUs. Changes in productivity may be
positive or negative depending on the nature of the abatement technology.

The Farm Size Model is used to calculate economic abatement potential at a range of carbon
prices and to construct marginal abatement cost (MAC) curves, which show the cost of
incremental reductions in emissions at varying levels of total abatement. MAC curves are a
simple but important tool for abatement policy analysis as they provide a basis for measuring
the overall cost of meeting a given emission target or the reduction in emissions that can be
achieved from a given carbon price. The MAC curves in this section show the combined potential
economic abatement of methane emissions from five livestock activities: grazing beef cattle,
grain-fed beef cattle, sheep, dairy cattle and swine.

Methane emissions from livestock were chosen for this exercise because of their relative
importance in agricultural emissions (70 per cent of total agricultural emissions in 2010;
Australian Government 2012a), the existence of previous studies examining forestry based
abatement (Hug & Ahammad 2011) and data limitations associated with disaggregating
emissions from cropping and fertiliser use.

The list of abatement technologies considered here is not exhaustive and only incorporates
technologies that are expected to have a working CFI methodology in place by 2020. As such, the
MAC curves presented in this section are unique to the policy settings around the CFI and
provide a measure of the potential supply of ACCUs from livestock abatement under the CFI.
Further details on the emissions reduction potential and costs and benefits of livestock
emissions abatement technologies considered are provided in Appendix B.

Net present value (NPV)—the aggregate discounted flows of net benefits accruing from an
abatement project over its lifetime—is used as the sole measure of economic viability in
generating these MAC curves. While there are some limitations to this approach (discussed in
Section 5), the estimates generated here provide important insights into the extent to which the
CFI will encourage uptake of selected abatement technologies in the Australian livestock sector
at various carbon prices, under certain market conditions.
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Box 1 The Farm Size Model

The Farm Size Model is a dynamic bottom-up model of the Australian livestock industry developed by
ABARES to estimate the potential reduction in agricultural emissions from abatement activities.
Estimates of potential economic abatement at various carbon prices are based on the farm-level costs and
benefits of implementing various abatement technologies.

Database

The Australian livestock sector consists of a large number of heterogeneous emitters. The Farm Size
Model emissions database captures some of this diversity by allocating total methane emissions from
livestock to over 200 groups of farms differentiated by jurisdiction, livestock activity, farm size and, in the
case of piggeries and dairies, manure management practices. Jurisdiction is defined at the state and
territory level while livestock activities are defined according to the categories set out in the national
greenhouse gas inventory report (Australian Government 2008). These livestock categories include
grazing beef cattle, grain-fed beef cattle, sheep, dairy cattle and swine. Farm size is defined by the number
of animals of a given type kept on the farm. In the case of dairies and piggeries, farms with anaerobic
lagoons are differentiated from those without.

The allocation of livestock emissions to various model farms is based on emissions data and livestock
numbers from the national greenhouse gas inventory database (Australian Government 2012), and
indicative farm distributions obtained from ABARES farm surveys (ABARES 2012) and industry
publications (ALFA 2012; Australian Pork Limited 2011). Where estimates of the total number of animals
differed from that published by the Australian Bureau of Statistics, a scaling factor was applied to the
number of farms to align the two estimates.

Detailed distributions of grazing beef cattle, sheep and dairy farms by state and size were obtained from
ABARES 2009-10 farm surveys data (the most recent data at the time of writing). Applying these
distributions to aggregate livestock numbers for each state determined the number of farms and average
scale of farm operations for each model farm. Similarly, a distribution of piggeries by state and size was
obtained from ABS survey data reported in the Australian Pig Annual 2009-10 (Australian Pork Limited
2011). A distribution of grain-fed beef cattle enterprises (feedlots) by state and size could not be obtained
from farm surveys or public data. As such, a rough distribution was estimated using data from the
Australian Lot Feeders’ Association (ALFA 2010). For each size threshold in each state, a utilisation rate
based on an historical average was applied to an assumed average carrying capacity to give the average
number of cattle on feed. Dividing the total herd by this number gave the number of feedlots in that size
category and state. The average number of cattle on feed for each feedlot type was then adjusted to be
consistent with the ABS estimates of the total number of beef cattle on feedlots.

While in practice, multiple livestock activities may be undertaken on the same farm the emissions
database separates activities as if they were undertaken on individual farms. For example, a farm that
stocks grazing beef cattle and sheep is conceptually treated as two different farms; one that stocks only
beef cattle and another that stocks only sheep. This makes categorisation of farms by size much simpler
but means that potential economies of scale from joint production will not be captured in the analysis. It
also means the total number of farms recognised by the database will exceed the actual number of
livestock enterprises.

Baseline and model dynamics

A baseline scenario in the Farm Size Model reflects projected industry and emissions growth without
implementation of abatement technologies under the CFI. Annual changes in animal numbers and
baseline emissions per animal were based on ABARES projections of agricultural activity and emissions
(ABARES 2011). The Farm Size Model accounts for changes in animal numbers by modelling a
proportional increase in farm sizes keeping the number of farms fixed. While the number of farms will
likely change over time, it is uncertain how it will change. The average annual change in animal numbers
and emissions per animal, for each sector and emissions type, are summarised in Table 3. Changes in
animal numbers and emissions per animal, for each sector and emissions type, were assumed to be the
same across states and farm sizes.
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Table 3 Assumed growth in animal numbers and baseline emissions per head

Sector Average annual change in Average annual change in
animal population (%) emissions per head (%)

2010-2020 2010-2030 2010-2020 2010-2030

Grazing beef cattle and feedlots 1.10 1.77 -0.01a 0.01a
Sheep 0.56 1.33 -0.07a 0.13a
Swine 0.64 1.41 0.34b -0.17b
Dairy 0.11 0.30 0.05a -0.06a
Dairy 0.11 0.30 -0.11b -0.30b

a Refers to emissions per animal from enteric fermentation. b Refers to emissions per animal from manure
management. Changes in these emissions may arise from increases in emissions per animal and/or changes in
manure management systems at the aggregate level. In this table, the figures were taken as the growth in emissions
per animal, independent of manure management system.

Source: Figures derived from ABARES (2011)

Measuring economic viability

Economic abatement potential is estimated in the Farm Size Model by first calculating the NPV of
implementing a particular abatement technology on the average farm for each model farm. A positive
NPV is used as the sole indicator of economic viability and acts as a trigger for adoption. NPV calculations
are based on farmers’ expectations of the net benefits of implementing the abatement practice at the
farm level. These will depend on farmers’ expectations of farm size, baseline emissions per animal, and
the emissions reduction potential of the given abatement technology. Farmers’ expectations of changes in
farm size and baseline emissions, over the life of a project, were assumed to be equal to the observed
historic average annual change between 2010 the year in which the project begins (Table 3). The
emissions reduction potential of abatement technologies, as a percentage of targeted emissions, were
assumed to remain constant over time.

Farmers were also assumed to form expectations around changes in the carbon price. In this report,
farmers and landholders were assumed to expect a 2.5 per cent real increase in the carbon price, 