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Offsetting - A carbon market structure where one party generates a carbon credit and another
purchases it to compensate for their own emissions. Projects are outside the buyer’s value chain.

Paris Agreement - A legally binding international treaty on climate change adopted in 2015,
establishing a universal framework for countries to commit to climate action under Nationally
Determined Contributions (NDCs).

Science Based Targets initiative (SBTi) - A global initiative that sets a common, science-based
framework for companies to align greenhouse gas reduction targets with climate science,
specifically the Paris Agreement goal of limiting warming to 1.5°C or well below 2.0°C.

Supply Shed - A group of suppliers in a defined market providing equivalent goods or services
within a company’s supply chain.
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3. Terminology

Net zero emissions

Net zero emissions refers to a state where all greenhouse gas emissions produced (across carbon
dioxide (CO.), methane (CHa), nitrous oxide (N2O) etc.) are balanced by an equivalent amount of
emissions removal (e.g. sequestration in soils or trees).

Meeting international frameworks for emissions reduction in livestock systems means achieving a
balance whereby substantial reductions in enteric CH4 and other greenhouse gases are
implemented, and any residual emissions are neutralised through verified removal or offset so that
the overall net impact is zero.

Carbon neutral

In comparison, carbon neutral means the net CO, emissions from an activity, company, product or
service are zero. This is achieved by measuring CO» emissions, reducing them where possible and
purchasing carbon credits to offset the remainder.

Carbon neutral is often used in corporate claims, product labelling or events (“carbon neutral beef”,
“carbon neutral operations”). It is typically CO.-focused, although some standards allow conversion
of other gases into COz-equivalent (CO--e).

Regulated (Compliance) Carbon Markets

Regulated or compliance carbon markets are Government-administered and have associated
legislation approved by the government. Credits are typically created under government-approved
methodologies and tracked in official registries.

In Australia, the government administers two schemes:

e The ACCU scheme which issues ACCUs
e The Safeguard mechanism which issues Safeguard Mechanism Credit Units (SMCs).

The legislation guiding these schemes include:

e Australian National Registry of Emissions Units Act 2011 (ANREU Act)
o Australian National Regqistry of Emission Units Requlations 2011 (ANREU Regulations)

e  Carbon Credits (Carbon Farming Initiative) Act 2011

e  Carbon Credits (Carbon Farming Initiative) Rule 2015
e National Greenhouse and Enerqy Reporting Act 2007

e  Corporations Act 2001 (Corporations Act).
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own carbon footprint assessment, then they undertake a management activity, such as planting
trees, assess the CO; sequestered, then reduce their carbon account by that number.

An example of supply chain insetting is when a supermarket chain pays a premium for a product
that is ‘carbon neutral’ and then sells that product to consumers with carbon neutral branding
certified by Climate Active.

An example of Supply Shed insetting is when a global dairy company establishes a project
boundary with farmers and processors and those parties share the cost of an intervention, such as
feed additives, and all three parties co-claim the reduction in their reporting. Insetting is becoming
more prominent in agricultural value chains because of pressures to prove reductions through
direct sourcing channels.

Offsetting

Tree planting on farm generates Australian Carbon Credit Units (ACCUs)
Farmers earn credits by capturing carbon, industries buy credits to offset emissions

CO,

3

Insetting

Farmer purchases and feeds anti-methane feed additive to their cattle, and is rewarded
with a premiuim for their beef through other businesses in the supply chain

Figure 3: Offsetting (top) versus insetting (bottom) representing product-based insetting with
premiums.
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Supply Shed has been broadly defined as a group of suppliers in a specifically defined market
(e.g., at a national or sub-national level) providing functionally equivalent goods or services
(commodities) that can be demonstrated to be within the company’s supply chain (Value Change
Initiative, 2024).

The Supply Shed approach enables co-investment and co-claiming of GHG reduction projects.
Compared to offset programs, which generate exclusive reduction claims, Supply Shed inset
programs present opportunities for multiple parties to share in the investment claims to Scope 3
reduction. (The Climate Source, 2023)

The Value Change Initiative (VCI) is a collaborative platform focused on decarbonising corporate
supply chains. It brings together companies, NGOs, and technical experts to tackle one of the
biggest challenges in climate action: how to measure, report, and reduce Scope 3 (value chain)
emissions in a credible and practical way. They have been responsible for developing guidance
around Supply Sheds and associated eligibility of companies participating in projects as depicted in
Figure 4.

Figure 4: The supply
shed concept as
depicted by the Value
Change Initiative in

Why supply shed?
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(https://valuechangeinitiative.com/resource/achieving-net-zero-through-value-chain-mitigation-interventions-exploring-
accounting-monitoring-assurance-in-food-and-agriculture/)
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c«w) ZNE-Ag CRC Project 4030: Demonstrating an
Insetting Business Model in the Beef Value Chain

This project will develop industry-agreed approaches for cost-sharing and co-claiming of
mitigation benefits along the supply chain (i.e. insetting business models).

In agricultural value chains, it is typically the primary producer who needs to undertake
activities to reduce emissions. This benefits downstream actors in the value chain. This
project seeks to reduce institutional barriers to the uptake of decarbonisation strategies
across industries by bringing together a team of experts and industry leaders in a facilitated
policy-industry roundtable. This work will generate a proof-of-concept and a white paper to
propose next steps in policy development for the Australian Government.

Absolute Reductions

Absolute reductions refers to the total decrease in emissions across a set time period (usually
annually). For example, when fertiliser use is decreased and the total emissions produced from a
farm are subsequently reduced and reported. Absolute reductions are required by most science-
based target frameworks (SBTi) for net-zero alignment.

Intensity Reductions

In comparison, intensity reductions refer to the decrease in emissions per unit of output (e.g. per
kg beef liveweight or per litre of milk) even if herd size (and total emissions) grows. For example,
when methane per kg of beef decreases 20% due to better feed efficiency. This form of reduction
is often used in supply-chain reporting because it shows efficiency gains, however, reduced
intensity will not reduce total warming impact if production expands.

Reduction (or avoidance)

Reduction represents avoided or reduced emissions compared with a baseline scenario. It does
not remove carbon already in the atmosphere but slows down additional warming. Examples: feed
additives reducing enteric CH4, renewable energy replacing coal, and avoided deforestation.

Removal

Removal represents the physical removal of CO2 (or CH4 converted to CO2-e) from the
atmosphere and its durable storage. This is critical for net zero because it counterbalances
residual, hard-to-abate emissions. Examples: soil carbon sequestration,
afforestation/reforestation, direct air capture.

16
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4. Methods and Calculators

Carbon accounting methods and calculators underpin NDCs, mandatory climate disclosures, SBTi
reporting and carbon markets. Consequently, significant effort is needed at country-level to
develop appropriate methods and calculators.

A whole farm carbon audit needs to comply with the following guidelines:

1.  The methodology used should be consistent with that approved by the Intergovernmental
Panel on Climate Change (IPCC) and the Australian National Greenhouse Gas Inventory
(NGGI), with adjustments made only where these are required to be more specific to the farm
rather than a state or country. For example, the NGGI uses the proportion of land area per
state to determine indirect N>O from nitrate leaching, but at a farm boundary this would be
either the property does or does not receive enough rainfall to leach.

2. The methodology should align with:

¢ the Climate Active “Draft Guideline: Land and Agricultural Emissions”

e SBTi FLAG guidance

e |SO 14040 standard — Environmental management — Life cycle assessment — Principles
and framework

e |SO 14067 standard — Greenhouse gases — Carbon footprint of products —
Requirements and guidelines for quantification

e IS0 14021:2016 standard — Environmental labels and declarations — Self-declared
environmental claims (Type Il environmental labelling) for self-declared environmental
claims if the audit is self-declared

e the Ecoinvent or AusLCI database for farm scope 3 emissions factors.

3. The calculation should be conducted within a pre-farm to farm gate Life Cycle Assessment
framework (ISO 14040), with the boundary representing the whole of farming enterprise (all
activities within the ABN) — for example, if there are separate physical properties within the
farm enterprise, movement of product between the properties needs to be included as scope 1
emissions. This applies to agistment properties if they are part of the business unit.

4. The greenhouse gas balance must be calculated on an annual timestep, but with the annual
change in soil and tree carbon sequestration calculated based on a 10-year running mean, to
minimise rainfall variability influences.

17
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5. The audit should include:

e Scope 1 emissions: all direct greenhouse gas emissions (CO2, CHs, N2O) from within the
farming enterprise. The audit can also include the annual net change in soil and tree
carbon within the property boundary but based on a 10-year rolling mean.

e Scope 2 emissions: indirect emissions from the generation of purchased electricity from
a fossil fuel origin onto the farm. This is included as the farmer now has choice to
generate or buy renewable energy.

e Scope 3 emissions: include all pre-farm embedded emissions associated with the
purchase of products for the farm (e.g. lime, steers, urea, herbicides). Some selected
post-farm emissions are also included where these are deemed to be under the control of
the farmer’s choice (e.g. freight operators, waste treatment destinations). Scope 3
emissions should be included in a carbon neutral product audit, as these emissions are
essential to producing that product, but not all Scope 3 emissions are needed in a carbon
neutral property audit, only those that are essential to the management of the property.

6. For a corporate company, ensure alignment with:

e GHG Protocol Corporate Value Chain (Scope 3) Accounting and Reporting Standard
o ASRS 2 climate-related financial disclosures, including all 15 GHG Protocol Scope 3
categories.

7. Allocation: where more than one product is produced, a protein-based allocation (livestock)
or mass-based allocation (lint vs seed) should be applied to apportion the emissions between
the products. Before applying the allocation, ensure that the proportion used is acknowledged
between the industries (e.g. 15% of dairy farm emissions can be allocated to red-meat
production, but only if the bull calves are sold to a beef producer).

8. Carbon credits sold: carbon credits generated within but sold out of the boundaries of the
audit must be debited to the final balance. Likewise, carbon credits generated and retained
within the boundaries of the audit (i.e. an inset) are credited once off and retired. In other
words, the final net emissions position should be increased by the number of carbon credits
sold or decreased by the number of carbon credits retained within the boundary. This is to
avoid double counting of carbon offsets sold outside of the boundary, where clearly the
intention of the new owner is to use these against their own balance.
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Tree carbon

For the farm tree carbon audit, a very similar approach should be taken to soil sampling, where
direct measurement by an accredited service provider would be the highest standard applied.

This can be coupled with modelling using a peer-reviewed tree growth model, demonstrated to
apply to the Australian context (e.g. FUllCAM, 3PG), with the same validation and review
requirements as the soil carbon method. While the Greenhouse Accounting Framework (GAF)
calculators provide a lookup table version of the FullCAM model, they do not comply with the
process outlined above and so should be used as a general indicator only.

0) ZNE-Ag CRC Project 3020: Farm Systems GHG
Evaluation

This project will apply biophysical modelling, life-cycle analysis and economics to provide
whole-farm system assessments. This is crucial information for industries to understand the
‘systems fit’ of new technologies.

Component technologies to reduce greenhouse gas emissions in agriculture must be
assessed in a whole-system context to evaluate emissions reduction potential and impacts on
production, profit and risk. New and emerging technologies developed by ZNE-Ag CRC
(under research programs 1 and 2) need to be assessed in this context. Technology
packages that will be implemented on demonstration farms also require this assessment to
ensure that the best options are selected.
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5. The ecosystem for achieving
net zero

The opportunities identified included participating in carbon credit markets, commodity premiums
and branding. The document also identifies the methods and calculators that underpin these
opportunities. There are many service providers and participants in the ecosystem needed to
generate a carbon credit, or a claim. This is represented in Figure 5.

Education

CFOF carbon
workshops
CMI online tutorials
MLA Carbon Edge
Bentleys mandatory
emissions reporting
workshops

- J

»

Interventions

Methane
Bovaer (3-NOF}
Asparagopsis
(Bromoform)
Rumin&
(Bromoform)
Numberg Bio
ROAM
(Bromoform)
Provectus algae
Akea Bio (vaccine)
Zelp wearable
Biochar

»

Measurement or
modelling

Measurement
Chambers
Green Feed units
SF6
AgScent
Vytelle Sense™
Modelling
GAF tools
Ruminati
AlAEAP
AgriWebb

Certification

ERF (regulated)
Athian
Vemra

Gold Standard

Isometric

SustainCERT

Insetting
markets or
programs

Offset markets

GHG Protocol
Standards

1dar ACCU scheme Athian insetting
Regisiries TEM-Qantas fly marketplace
- Protocols or carbon neutral Climate Active
methodologies held Project BASF — Verra
by registries developers' direct Verified Impact
offtake agreement Units
Carbonmark
CCarbon.info

Figure 5: The ecosystem of providers and stages to generate a claim or participate in carbon
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6. Reducing emissions from
cropping

Greenhouse gas emissions from cropping are dominated by emissions associated with nitrogen
fertiliser, including both the energy required to produce the fertiliser (a Scope 3 emission for
farmers, as these emissions are produced off farm) and N2O emissions from fertiliser volatilisation.

For Australian cereals, for instance, 22.5% of emissions are from fertiliser production and 15.1%
are from N2O emissions on farm (labelled ‘fertiliser scope 1’ in Figure 6. The emissions profile is
broadly similar for cotton (Figure 6B). Given this emissions profile, it is not surprising that the most
substantial reductions in emissions are likely to be achieved by adopting low-emissions fertilisers
or inhibitor-coated fertilisers and changing the method of production of fertilisers.

In the short term, strategies to reduce emissions intensity (in this case, N-O g/t product) are the
most attractive because they can also improve productivity. Increasing yields for the same amount
of fertiliser can be achieved with precise timing and depth of application of fertiliser, for example.

Enhanced-Efficiency Fertilisers (EEFs)

Several companies offer coated fertiliser products, with the fertiliser coating slowing the release of
nitrogen and reducing N>O emissions. These fertilisers are often called Enhanced Efficiency
Fertilisers (EEFs). For example, an EEF has been shown to reduce N,O
emissions by 60% or more when applied to a wheat crop (Ma et al., 2023).

It should be noted that EEFs can also reduce emissions in mixed
farming and intensive grazing systems. In one study, N2O emissions
were reduced by 56% using an EEF relative to a control when
applied to a southern Australian pasture (Suter et al., 2020).

The challenge with these products is that
they have not been shown to convincingly
improve plant growth, although the ZNE-
Ag CRC project ‘Fertiliser Evaluation
Framework’ may address this.
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Electricity Herbicides
1% 4%

Fertiliser on farm

Fuel 35%

35%

Irrigated cotton
emission sources

Fertiliser pre farm
21%
Crop residues
4%

Figure 7: Irrigated Cotton. Ekonomou A, Eckard RJ. (2024) University of Melbourne C-GAF
based on the Australian National Greenhouse Gas Inventory methodology

s ZNE-Ag CRC Project 1050: Fertiliser Evaluation
Framework

This project is expected to become the benchmark for evaluating Enhanced Efficiency Fertilisers
(EEFs), supplying data to carbon calculators and national standards.

The project will co-design a Plant Nutrition Solutions Strategy, an EEF evaluation framework and
associated investment principles. The evaluation framework will set out a cost-effective, national

approach to evaluating EEF product performance and greenhouse gas emissions, and will be co-
designed and co-developed by CRC industry and research partners.

The framework will principally consider N>O reductions and, to a lesser extent, soil carbon
benefits and Life Cycle Assessments (LCAs). The project will also include initial testing of
products, which will be evaluated for their N2O emissions and effects on plant growth and yields.
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Other strategies available

Other options to reduce emissions from cropping include using legumes in rotation, growing cover
crops and reducing fallows (Table 2).

Of all these options, and given Figure 6A, the on-farm strategy that would result in the greatest
reduction in emissions would be to use fertilisers that reduce N>O emissions (e.g. slow-release and
coated products).

Pathways to Zero Net Emissions — A Stocktake Paper
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Table 2: Summary of management options to avoid greenhouse gas emissions or to

sequester carbon in a grain farming system. Source: Badgery et al. (2024)

Reducing GHG emissions in cropping systems — responding to drivers for

change, GRDC report.

Management . .
Avoidance Sequestration Comments

strategy

N fertiliser Yes Possible Applying N fertiliser efficiently (e.g.

efficiency variable rate, split applications, not
in waterlogged conditions) to
optimise crop yield and replace N
removal. Excess N fertiliser above
crop removal rates increases the risk
of N losses and N>O production,
higher fertiliser (balanced for NPKS)
may lead to higher soil C.

N fertiliser Yes No Using enhanced efficiency fertilisers

coating (EEFs; e.g. N inhibitors) can reduce
N20O emissions by up to 80% but
generally do not increase yield to
offset the higher price.

N fertiliser Yes No Green ammonia can reduce Scope

production 3 emissions from production.
Possible modular production
available on-farm.

Lime use Yes No Lime neutralises acid soils but also

efficiency omits CO,. Improve the efficiency of
lime by using precision application.
Consider lime alternatives.

Legumes in Possible Possible Legume N may reduce N fertiliser

rotation needs and the emissions associated
with production. Higher N may also
be associated with higher soil C.

Biochar Yes Yes Biochar can neutralise soil acidity,

Pathways to Zero Net Emissions — A Stocktake Paper

reducing the use of lime. It also has
a negative priming effect that can
stimulate additional soil C storage.
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Management

Avoidance Sequestration Comments
strategy
Currently it is not viable in extensive
grain production systems.
Increasing Yes Yes Soil C often continues to decrease

pasture phases

with cropping, but pasture phases
increase soil C and N, and increase
mineralisation of N for subsequent
crops.

Cover crops and  Uncertain Uncertain

reducing fallows

Legume cover crops may supply
additional N to subsequent crops but
also increase the N fertiliser needs
in the short-term as N is used from
fallows. Cover crops and reducing
fallows may increase soil C in some
situations.

Revegetation No Yes
with trees

Revegetation with trees can
sequester C but removes land used
for cropping from production.

Methodologies or protocols currently available to claim or generate

credits

There are a limited number of carbon credit generating methodologies available for Australian
farmers. Table 3 and Table 4 identify options that are available.

Table 3: Methodologies available to cropping businesses to generate Australian Carbon

Category ACCU Methodology

Credit Units (ACCUS).
Current Status # of issued ACCUs

Land and Soil Estimating soil organic
carbon sequestration using
measurement and models

method (2021)

307,852

Pathways to Zero Net Emissions — A Stocktake Paper
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Case Study

EU biodiesel market access
Sector: WA Canola Farm
Partners: Elders

The canola for EU biodiesel is a high-value market, with a significant premium over other
markets available to Australian canola exports. However, to access this market, an agricultural
enterprise’s carbon footprint must be below a certain value.

In 2015, CSIRO was commissioned to determine the carbon footprint of canola grown in each

state. The carbon footprint for Western Australian (WA) and South Australia (SA) was found to

be substantially below the EU threshold. This opened the EU biodiesel market to WA and SA
producers, in EU decision 2017/2356 (European Union, 2014)

The price premium for canola entering the biodiesel market ranges from $20 to $40. Given the
amount exported by WA producers into this market (70% of all exports) since the EU decision
was made, demonstrating a low-carbon footprint to gain access to a high-value market has
resulted in approximately $432 million of extra returns for WA canola growers.
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7. Reducing emissions from
livestock

Most greenhouse gas emissions from grazing cattle and sheep businesses are from methane, as a
result of enteric fermentation in the rumen.

Methane emissions have a high potency and short lifetime relative to carbon dioxide. This means
that reducing methane emissions has significant climate benefits in the short-term. This is critical
to slowing warming and making Paris aligned targets achievable (IPCC 2023).

Figure 8 and Figure 9 compare the typical emissions profile of a grazing enterprise versus a dairy
enterprise. In the grazing profile, note the exact contributions can vary by +10% for methane and
by about £5% for nitrous oxide and carbon dioxide.

Carbon dioxide
10%

Figure 8: Typical grazing
business emissions profile.
Source: reproduced from
Wiedemann et al. (2015;
2016). From Futurebeef

Nitrous oxide
5%
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8. Reducing emissions from
horticulture

Horticulture has quite a different emissions profile from other agricultural industries, with a greater
proportion of emissions coming from CO; as a result of energy in diesel and use of irrigation
pumps.

The example in Figure 11 for potato production shows that approximately half of all emissions are
associated with CO; production, and the rest with N>O production.

Figure 11: Emissions
profile for potato
production. Source:
Norton (2008),

Enhancing
environmental

N20 (Fertilisers, via nitrate,
etc)
48%

CO02 (Diesel use, irrigation
pumps, etc)
50%

sustainability in the

processing potato
industry, University of
Tasmania.

CH4
2%

Given this profile, there is considerable potential to reduce emissions through technologies that
lower energy usage, such as solar-powered irrigation pumps and more efficient or even battery-
powered tractors.

For orchards, there is the opportunity to sequester considerable amounts of carbon in the growing
trees, however there are currently no approved methodologies that allow carbon credits to be
generated for orchards.
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9. Sector-agnostic options

Regardless of the type of agricultural operation, there is an opportunity to reduce net emissions by
planting trees. This strategy can also be considered on land that is unproductive for farming. Tree
planting is one of the most straightforward strategies to reduce net emissions from a farm, as CO-
is sequestered in the trees as they grow (Doran-Browne et al., 2017).

As well as sequestering carbon, the co-benefits of trees include providing shelter and shade for
livestock, offering protection for species that prey on agricultural pests, and maintaining or
improving biodiversity (Meyer et al., 2025).

Options include reforestation (restoration of previously forested land back to forest); planting to
enhance biodiversity on land that is marginal for agriculture and agroforestry, which can provide
income from timber harvested and have co-benefits for livestock production; and afforestation (the
establishment of new forest in an area that was not forested or has not been forested for a
significant period).

Several factors affect how much carbon tree plantings will sequester, including:

e the age of the trees

¢ local rainfall and soil type, and other factors that affect site productivity
e the species of tree planted

e the design of the tree plantings.

Younger, rapidly growing trees will sequester more CO,, particularly in higher rainfall areas. The
amount sequestered in such systems can be substantial. For example, a recent study found that in
high-productivity livestock systems in Victoria (14—18 DSE/ha), tree planting scenarios covering
4.8%, 5.2% and 11.6% of three case study farms reduced net farm emissions by 20%, 23% and
33%, respectively, over 30 years (Meyer et al., 2025).

The type of planting design (e.g. blocks, rows, size of alleyways) can affect the amount of CO,
sequestered and the performance of livestock/crops produced alongside these systems. The Steak
‘n Wood project, run by Queensland DPI, is currently assessing the impact on emissions and
productivity of different agroforestry tree planting configurations. See Steak ‘n Wood for findings to
date and updates.

Farmers can generate ACCUs by planting trees under the Reforestation and Afforestation Method.

This requires planting seeds or seedlings to establish a permanent forest on grazed, cropped or
fallow land, and undertaking field measurements of the planted trees.
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