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GLOSSARY
Term

Explanation

AUS-QUAL

Third-party auditor

Carbon Friendly

Standard developer/owner

Carbon Friendly®

Trademark for a production system

CF Certificate/Certification

Carbon Friendly Certificate

CF Model

Carbon Friendly Carbon Accounting Model

CH4

Methane

CO2

Carbon dioxide

CO2e

Carbon dioxide equivalent

Data Capture Form

Spreadsheet for producers to collect primary data

EF

Emissions Factor

GHG emissions

Greenhouse Gas Emissions

GHG reduction

Process that reduces greenhouse gas emissions

GHG removal

Process that captures/ removes carbon oxide from the atmosphere

LCA

Life Cycle Assessment

LCI

Life Cycle Inventory

Letter of Engagement

Engagement Letter sent to farmers to start the project

N2O

Dinitrogen Dioxide (Nitrous Oxide)

SOC

Soil Organic Carbon

Third-Party Verifier

Independent qualified auditor to verify the application of the program
methodology.

VEG

Native Vegetation zone
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1

INTRODUCTION

The Carbon Friendly® Agricultural Standard (CFAS IP AUST 2110771) 1 is a voluntary standard developed in
compliance with ISO 14064-2 (ISO, 2019) 2 to quantify, monitor and report greenhouse gas (GHG) emissions,
reductions or removal enhancements of agricultural production systems. The assessment of GHG emission
reductions or removals is rooted in the GHG Protocol for Project Accounting (Greenhalh et al., 2005), 3 which
serves to track GHG emissions over time and where the reduction or removal of emissions is expected as a
result of adopting or enhancing practice changes in a production system.
The modelling methodology used to assess the GHG emissions is based on the Life Cycle Assessment (LCA),
with a cradle-to-gate system (ISO, 2006) 4. The assessment process requires site-specific primary data sources
(e.g., farm input data) for foreground life cycle inventory (LCI) data, and publicly authorised and scientific data
for background LCI, also used for benchmarking and comparison. The completed assessment process is then
audited by qualified and/or authorised third-party assessors such as AUS-QUAL 5 and SGS 6, the leading
national and global sustainability auditing agencies in agriculture.
Carbon Friendly Pty Ltd will issue a Certificate of Compliance for the assessed production system confirming
their commitment to reducing GHG emissions from their operations. The purpose of the Carbon Friendly®
Certification is to recognise environmentally friendly agricultural production systems and motivate farmers to
increase/enhance GHG reduction and/or removal practices at the farm level to reduce the carbon footprint
of products in their supply chains. This certification can be achieved for a wide range of agricultural sectors,
including horticulture, broadacre and fibre cropping, and livestock production.
This document presents the procedures to be followed to assess and certify Carbon Friendly® production
systems in agricultural supply chains, recognising producers who responsibly commit to reducing GHG
emissions for their crops and farms. The Carbon Friendly Trademark awarded to compliant systems makes it
possible for consumers to identify environmentally friendly food and fibre products and/or eco-producers to
support those farmers on their journey of ‘farming for our future’.

2

SCOPE

This document establishes the framework for monitoring GHG reductions and/or removal enhancements of
an agricultural production system within a cradle-to-gate system boundary.
The document guides the intended user to comply with and be awarded the Sustainable Agriculture
Certification – developed by Carbon Friendly in compliance with the principles and requirements of the ISO
14064-2 Standard and the GHG Protocol for Project Accounting.

1

IP Australia. Carbon Friendly Pty Ltd. Trademark number: 2110771. https://www.ipaustralia.gov.au/tools-resources/certification-rules/2110771

ISO (2019) ISO 14064-2:2019 - Greenhouse gases — Part 2: Specification with guidance at the project level for quantification, monitoring and reporting of
greenhouse gas emission reductions or removal enhancements. Available at: https://www.iso.org/standard/66454.html (Accessed: 7 April 2021).
2

Greenhalh, S., Broekhoff, D., Daviet, F., Ranganathan, J., Acharya, M., Corbier, L., Oren, K., & Sundin, H. (2005). The GHG Protocol for Project Accounting.
https://ghgprotocol.org/standards/project-protocol

3

4 ISO (2006) ISO 14044:2006 - Environmental management — Life cycle assessment — Requirements and guidelines. Available at:
https://www.iso.org/standard/38498.html (Accessed: 10 May 2021).
5

AUS-QUAL (2021) AUS-QUAL - Standards, AUS-QUAL Certification Application Forms. Available at: https://www.ausmeat.com.au/.

6

https://www.sgs.com.au/
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This document details the:
a)
b)
c)
d)
e)

3

eligibility of an agricultural production system;
procedures and requirements for data collection and management;
methodology for accounting and reporting GHG emission reductions and/or removal enhancements;
monitoring of the registered systems 7;
and recognition of GHG emission reductions or removals for a specific production system
(Certification procedures).

PRINCIPLES AND REQUIREMENTS

Carbon Friendly will register all production systems that choose to be certified and follow the six principles of
relevance, completeness, consistency, accuracy, transparency and conservativeness in compliance with the
ISO 14064-2 Standard to quantify the system’s GHG emission reduction and or removals.

3.1 Relevance
Relevance of a production system: An agricultural production system commits to changes (additionalities) in
regulatory, technology, financial investment, or farming practices to reduce and/or remove GHG emissions.
The relevant additionality regarding farming practices to reduce and/or remove GHG emissions of the
production system to be considered includes but is not limited to the farming practices described in Appendix
A – Carbon Friendly Eligibility Criteria.
Relevance of the data: The primary data to be made available to CF includes farm geospatial information,
including farm boundary maps and ground cover information, original documents which support the adoption
and/or enhancement of practices changes. This data, recorded in the Data Collection Template 8, includes the
quantity of all inputs and outputs of the system concerning a cradle-to-gate system boundary, soil test results
and nutrient content test results of any organic amendments applied to the system (Figure 3, Figure 4).
Relevance of greenhouse gas (GHG) emission sources and sinks: Three major GHG emissions (i.e., CO2, CH4
and N2O) and reduction types are accounted for under the three categories of scope 1, scope 2 and scope 3
emissions, in accordance with the GHG Protocol Agricultural Guidance. The Standard also accounts for GHG
sinks which mainly originate from soil carbon sequestration and carbon storage in mature woody vegetation.
Details of relevant practice changes, GHG sources, sinks and emission scopes for a selected production system
are to be registered with the Carbon Friendly® Sustainable program (Table 3, section 6.1).

3.2 Completeness
The assessment of GHG emission reductions or removals for a production system will include all sources of
GHG emissions and sinks for the cradle-to-gate system boundary, which covers all primary and significant
secondary sources from pre-farm and on-farm activities (Table 3).

7

Production systems which have been assessed by Carbon Friendly® for GHG emissions, reductions or removals for the baseline and committed to adopt practice
changes to reduce GHG emissions.

8

The Data Collection Template will be developed for specific production systems)
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Other minor secondary sources of emissions and sinks relevant to a specific production system, and not listed
in Table 3, should be included, calculated, and reported on as “insignificant secondary sources or sinks”. Any
emission sources excluded from the calculations should therefore be disclosed and justified.

3.3 Consistency
GHG emission reductions or removals are assessed for each production system, by establishing a baseline and
subsequent assessment year that is consistent with the same sources and sinks, applying the same data
collection and management procedures, calculation methods, and reporting format. This procedure facilitates
a meaningful and consistent comparison of emissions and reductions of that system which can be tracked for
any period between the baseline and the reporting year, e.g., annually or seasonally.
Consistent tracking of the performance over time, in this case, demands the baseline emissions to be
recalculated or updated to reflect the changes in the structure of the system and/or any new method and
calculation of data. For example, changes in native vegetation areas between the base- and assessment years,
due to the purchase or sale of land, necessitates recalculating the contribution of the potential credit of native
vegetation to the production system and will be used as a new baseline for native vegetation. Alternatively,
previous methods and calculations used for the baseline shall be used for the reporting year.

3.4 Accuracy
Accuracy is a key principle of the Carbon Friendly® Certification. This principle shall be applied at all steps: data
collection and managing data for quality control, calculating, and reporting of inventory data and results, to
reduce bias and uncertainties as much as practicable.
Multiple levels of internal audits are applied for all projects and/or assessments for quality control, using a set
of documents and checklists at all stages of the certification procedure to minimise uncertainty.

3.5 Transparency
All relevant data and appropriate information are collected to assess GHG emissions, reductions or removal
enhancements for the baseline and the reporting year and disclosed in agreement with the client. The methods
used and reasonable calculation assumptions are disclosed in the final report to avoid misinterpretation of the
inventory data and the results.
The availability of the final report for public review reflects the level of assurance, credibility, and transparency
of Carbon Friendly® Certification.

3.6 Conservativeness
Conservative assumptions, values and procedures for data management and calculations are always applied
when primary data and information are inadequate or have high uncertainty. Conservative assumptions can
also be used when the cost of the additional measurement to reduce the level of uncertainty cannot be
warranted for that increase in accuracy (GHG Protocol, Chapter 4, section 4.6.).
Conservative values and assumptions should be used in a manner that avoids overestimation of GHG
reductions and/or removals enhancements. Justifications for those conservative values and assumptions must
be documented in the final report and updated when more sufficient data is available.

8
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4

GHG REDUCTIONS ACCOUNTING PROCEDURE

The framework for accounting and reporting GHG reductions or removals of a production system is adopted
from the GHG Protocol for Project Accounting, 9 Chapter 10, section 10.2 and Chapter 11. This section describes
a typical process for all registered systems or projects to fulfil the requirements for Carbon Friendly®
Certification of a Sustainable Agriculture System. This process consists of seven stages, from defining the
production system to producing the final report and issuing the Certification (Figure 1).

Figure 1. GHG reduction or removal Accounting and Reporting Procedure

4.1 Defining the GHG assessment system or project
Stage 1: An eligible agricultural production system (a project) is identified based on the principles of relevance
(Section 3.1). These principles are used to determine the feasibility of the GHG reductions and removal
enhancements assessment, for example, the potential for adopting, adapting, or enhancing the
environmentally friendly practices in their production system. Initial contact with the client is required to
establish the background information of their system, such as the conditions before project initiation.
The system boundary is to be discussed and determined at this stage. A typical system boundary for the GHG
emission reductions or removal enhancements assessment is considered in this document as cradle-to-gate.
The GHG assessment boundary shall include all primary and significant secondary emission sources and sinks
associated with the production system unless the exclusion thereof can be justified or explained (section 3.2).

9

Greenhalh, S., Broekhoff, D., Daviet, F., Ranganathan, J., Acharya, M., Corbier, L., Oren, K., & Sundin, H. (2005). Chapter 10: Monitoring and Quantifying GHG
Reductions. In The GHG Protocol for Project Accounting (pp. 1–148). https://ghgprotocol.org/standards/project-protocol
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The key outcome for stage 1 is that clients clearly understand and identify the purpose(s) and specific
objective(s) of the GHG assessment/project and its boundary in agreement with Carbon Friendly which is
documented as a separate document (Appendix C – Project Description) and included with the Engagement
Agreement.

4.2 Baseline Scenario and choosing the base year
A baseline scenario assessment provides insights into the GHG emission sources and sinks, hotspot emissions
and potential sinks within the boundary of the system before any additionality is adopted. The results of the
baseline assessment, represent the baseline emissions of the system, in the absence of the Carbon Friendly
Farming Management programme (CFM) or project. The GHG inventory of the baseline can be used as a basis
for setting and tracking progress when compared with a reporting year in future assessments. In most cases,
the baseline assessment is for a single year. It is, however, possible to choose an average of annual emissions
over several consecutive years as the baseline (GHG Protocol for Project Accounting).
Determining the baseline/base year and assessment of GHG emission sources and sinks is based on the
discussion with the client or project proponent(s) (Appendix D – GHG SSRs and Baseline Determination) and
following the requirements detailed in section 6.3 and 6.4 of the ISO 14064-2: 2019 Standard.
The base year should typically be a year before any major agriculture improvements are undertaken and with
sufficient data available for all relevant activities or GHG emission sources and sinks (section 3.2) of the system.
The base year is typically no more than one year prior to the first engagement with Carbon Friendly.
All relevant GHG sources and sinks for the baseline assessment (Table 3, section 6.1,Appendix D – GHG SSRs
and Baseline Determination) shall be included in the quantification of the baseline emissions assessment.
Explanations and/or justifications are required to be documented in the final report where additional criteria
or activities are considered for the system.
Baseline assessment outcomes shall be discussed with the client to identify the potential GHG emission
reductions or removal options for the system and to develop a plan for implementing relevant practice changes
(Appendix D – GHG SSRs and Baseline Determination).
In cases where the baseline production system has already been validated previously by a qualified 14064-2,
or ISO 14064-3 verifier, and new activities or changes in management practices are inconsistent with the
previously validated baseline and may affect the project outcome of the project, then the baseline must be
revalidated by an 14064-2 or ISO 14064-3 verifier. New activities or changes that are consistent with the
previously validated baseline do not need to be revalidated. Also, if the system was previously owned by a
different project proponent, recalculation of the baseline will be required to reflect changes in
production/management activities under the new owner and client (the new project proponent).

4.3 Registering a production system and planning
Stage 2: the Client receiving an Engagement Agreement (Appendix B – ) that contains the terms and conditions
for the assessment and legal relationship with Carbon Friendly. The project proponent (Client) is required to
commit to adopting new or enhanced environmentally friendly farming practices, considered as additionality,
when compared to the base year (Appendix B – , Schedule 4 – Carbon Farming Commitment). These specific
practices cannot be business as usual. Such practice changes and/or structure of the production system
between the baseline/base year and the reporting year are then required to be specifically recorded and
presented in the final report, as the basis for the additionality determination.

10
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4.3.1 Carbon Farming Commitment

In alignment with our Carbon Friendly Certification and in accordance with ISO 14064-2:2019, we commit to
the following:
o
o
o
o
o
o
o

Implementation of a Carbon Farming Management Program (CFMP), in particular since the
engagement with Carbon Friendly.
Soil Health Improvement will be adopted as one of the key management performance metrics of the
CFMP.
Carbon Friendly has established a suitable base year and the emission outcomes will be tracked from
this base year going forward.
We will implement and re-enforce specific additional practice changes and improvements to reduce
the GHG levels per unit of production and record and monitor these to meet the requirements for
Additionality.
We agree to adhere to Carbon Friendly’s specific soil sampling and testing protocol, to ensure that
the GHG emissions outcomes and Carbon Credits meet the highest international standards.
Part of the proceeds from the trading of Carbon Credits will be re-invested in practice changes and
improvements contributing to GHG emission reductions and removals.
We agree that 20% of the annual audited Carbon Credits generated can be retained in a Leakage
Buffer on the Carbon Register for a period of 3 years before released for sales to allow for potential
drought conditions or changes in management practices that could lead to significant leakage, or a
net reduction in GHG improvements.

The Engagement Agreement shall contain the following information to comply with ISO 14064-2: 2019
Standard:
a) Eligibility of the system determined in section 4.1.
b) Physical location of the production system and the relevant area to be registered, allowing for the
unique identification of the system.
c) Type of GHG project, how the project will achieve GHG emission reductions and/or removal
enhancements, and specific GHG targeted.
d) Conditions before project initiation, such as the current farming practices and management
approach.
e) Focused technologies, products, services, and the expected level of activities
f) Identification of risks that could substantially affect the outcome and potential measurements to
manage those risks.
g) Roles and responsibilities of each party including the contact details of all relevant stakeholders such
as the farmers, auditors and administrators of the project/ program.
h) Detailed plan and/or actual dates and justification for the following information:
i) Date of initiating the programme;
j) Statement of GHG baseline time periods such as a single year or a period of time;
k) Expected date of completing the assessment or period of the assessment cycle;
l) Frequency of monitoring and reporting GHG emission reductions and removal. For example, the
assessment and report are expected to be on an annual basis, or more or less frequency for a specific
production system with adequate justifications;
m) Relevant activities or farming practices to be monitored;
n) Frequency of auditing and/or verification and validation, as applicable.

11
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Clients shall adhere to all the requirements, terms and conditions in order to proceed with the assessment and
report of GHG emissions reductions and/or removal enhancements, as documented in the Engagement
Agreement and/or a standard form (Appendix E – Project Monitoring Plan).

4.4 Data collection and management
4.4.1 Data collection

Stage 3: Data collection commences as soon as Carbon Friendly receive the signed Engagement Agreement
from the Client. The Clients can expect to receive an online Data Capture Form to provide general farm
information and all relevant inputs and output as well as original soil organic carbon (SOC) test results
representing the production system being assessed for both the baseline and a reporting year (Table 1). The
SOC test results shall be done by one of the NATA accredited laboratories for the reporting year.
If the Clients are unable to provide specific data, Carbon Friendly may make certain assumptions in this regard
in consultation with the Clients, provided that such outcomes are not fundamental to the outcome. Any such
assumptions will be stated and presented in the report. Further, if soil test data is unavailable or insufficient
for the assessment, Carbon Friendly may require an independent third-party assessor to determine the SOC
level for the relevant production system or utilise data from the applied organic amendments to provide an
estimate of soil carbon sequestration values. These estimates shall be explained in the report to ensure
transparency.
All primary data captured for the production system are subjected to auditing by Carbon Friendly auditors. The
auditors will conduct an on-site visit to confirm data reliability and determine any data integrity risks associated
with the assessed production system. For site-visit audits, the auditor shall complete the “site visit report”
which is used as material for the assessment and calculations.
As explained below, a detailed uncertainty analysis is carried out once all data has been captured, which also
pertains to all assumption made.

12
CERTIFICATION STANDARD V1.4-Web.docx

Carbon Friendly® Standard (CFAS IP AUST 2110771)

Table 1. Minimum Data Requirement to assess a typical agricultural production system to be assessed
Category
General production
system

Land-use change

Native vegetation
Soil management and
information

Fertiliser, organic
amendments use

Chemical use
Fuel use in mobile and
stationary equipment

Electricity use

Productivities

Data/information needed

a) Farm/system name and contact
b) Location (e.g., state, region, or biome), production system boundary
c) Characteristics of the production system e.g., mono-crops, mixed crops or
crop-livestock etc
d) Production period e.g., crop and livestock seasons
a) Land types (e.g., croplands, pasture, woodland etc.) and species concerned
(e.g., type of woodland/tree)
b) Area of land for specific production systems (in ha)
c) Year land-use change occurred, and practices used, area of land-use change
(in ha and at specific year)
a) Type and area (in ha) of different native vegetation
b) Species and age (in year) of each native vegetation type
a)
b)
c)
d)
e)
f)
g)

Type of tilling practices and years of change
Area of relevant land adopted tilling practices change (the total area in ha)
Area of relevant land drained and drainage activities (the total area in ha)
Soil preparation activities
Fallow, interrow, crops rotation
Historical soil organic carbon/matter content and nutrient analysis results
Application of lime or other soil condition materials (statement yes or no)

a) List and amount of all fertilisers and organic amendment used on the annual
basis (required unit for the annual fertiliser used is in total mass or volume
e.g., tonne or kg or litre per year)
b) Application rate of fertilisers and organic amendments per ha (e.g., kg or litre
per ha or tree (for tree crops).
c) Composition analysis of customised fertilisers and organic amendments used
(particularly % nitrogen and % carbon)
d) Application method (e.g., fertigation or broadcast)
a) List and amount of all chemicals used on the annual basis (in total litre or kg)
b) Application rate of chemicals per ha (e.g., litre or kg per ha)
a) Different types and amounts of fuel used for the whole system on the annual
basis (in litre or tonne for diesel and oil and m3 or tonne for natural gas)
b) Use of contractor machinery operations (e.g., type, hours, and contracted
area)
a)
b)
c)
d)

Amount of purchased electricity (in kWh)
The origin of the purchased electricity (e.g., state, region)
Amount of renewable electricity used on-farm or sold to the grid (in kWh)
Purpose of use (e.g., for pumping water, processing, refrigeration etc)

a) Total production and/or yield (in tonne)
b) Main production and coproducts (in tonne)
13
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Livestock

Treatment of crop
residues and/or
livestock waste

a)
b)
c)
d)

Livestock number by age and type, disaggregated by season or month (head)
Number of livestock managed off-site (head)
Sales and purchases of animals (head)
Amount, type, and digestibility of feed (kg or tonne for amount and % dry
matter for composition)
e) Quality of forage in pastures or open grazing systems (in tonne dry matter)
f) Amount of time livestock was grazed (in hours per day or days per season)
g) Dry matter intake per head (in %)
h) Type and amount of feed additives (in tonne of product or % of the
component)
a) Area of harvested crop associated with burning crop residue and/or left onfield on the annual basis (in ha)
b) Amount of livestock waste treated, used on-farm and/or exported off-farm
(either in tonne if known exactly or in % of total produced)
c) Treatment methods and number of days system used

Source: derived from GHG Protocol Agricultural Guidance 10

4.4.2 Data management

A data management procedure for quality control is required throughout the assessment and applied for each
audit to reduce uncertainties in GHG emission reductions and/or removal enhancement quantification. This
multi-level procedure includes internal checking within Carbon Friendly at the initial data collection phase,
calculation, and data aggregation.
Major steps include checking: primary data collected from the farms and the accuracy/credibility of on-farm
measurements and records; secondary data and assumptions used for calculations; formulas and calculations
applied; and the process of managing data quality. The detailed procedures and checking lists are described in
section 5 (Monitoring & Checking).
Carbon Friendly internal auditors will complete a detailed assessment for data uncertainty to determine the
confidence level of data collected and apply the uncertainty factors to the outcome of each GHG emission
source and sink. The major uncertainty parameters are summarised in Appendix K – Data Uncertainty
Assessment. Often the impacts / penalties associated with the uncertainties are discussed with a client to
determine if they want to initiate additional efforts to source more reliable data.

4.5 Calculating and Reporting of GHG emission reductions and / or removals
Stage 4: The calculation concept is adopted from the GHG Protocol Product Life Cycle Accounting and
Reporting Standard 11 for the performance tracking of the same production system or product over time, and
the associated guidelines from the GHG Protocol for Project Accounting. 12

10 Greenhouse Gas Protocol. Greenhous Gas Protocol Agricultural Guidance – Interpreting the Corporate Accounting and Reporting Standard for the agricultural
sector. Available at: https://ghgprotocol.org/agriculture-guidance
11 Bhatia, P., Cummis, C., Draucker, L., Rich, D., & Lahd, H. (2011). Greenhouse Gas Protocol Product Life Cycle Accounting and Reporting Standard (pp. 1-148, Rep.).
Washington, D.C.: Greenhouse Gas Protocol.
12

The GHG Prostocol for Project Accounting. World Business Council for Sustainability Development.
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4.5.1 Quantifying GHG emissions and/or removal enhancements

The method for quantifying GHG emissions and/or removals of an agricultural production system for the
baseline and reporting year is detailed in section 6. The assessments are conducted using an attributional Life
Cycle Assessment (aLCA) model and follow the international standards and framework for environmental
management - ISO 14044 (ISO, 2006) 13 and requirements and guidelines for GHG emissions, the carbon
footprint of products assessment - ISO 14067 (ISO, 2018). 14 The system boundary is generally considered to be
a cradle-to-farm gate.
GHG emission reductions or removal enhancements of a production system are quantified as the difference
between the GHG emissions and/or removals (or the net emissions) from the relevant sources and sinks (see
section 3.2) for the baseline and reporting year. The comparison of GHG emissions and/or removals between
the baseline and the reporting year is required to establish the environmental improvement after Clients
adopted new and/or enhanced practice changes to reduce GHG emissions which would not happen in the
absence of the Carbon Friendly GHG project, represented by the signed Carbon Farming Commitment.
All the relevant GHG emission sources and sinks (see section 3.2), for both the baseline and reporting year
shall be included, calculated, and reported in a unit of CO2 equivalent (e.g., kg or tonne CO2e) using the 100year Global Warming Potential (GWP100) factor. The aggregated value can be calculated either for a functional
unit of a product or a whole production system. The reporting functional units or the results shall be consistent
between the baseline and the reporting year.
No primary sources and sinks should be excluded from the calculation of GHG emissions and/or removals to
fulfil the completeness principle unless high uncertainty data could lead to an overestimation of GHG emission
reductions or removal enhancements. In this case, appropriate explanations or justifications for the exclusions
of data shall be presented in the report.
The uncertainty and sensitivity analysis should be calculated for each GHG emission source and sink as well as
per functional unit of a product to yield accurate and reproducible results. The principles and procedures for
the determination of uncertainty, risk management, managing data quality and calculations are presented in
section 3.
Emission factors used for the calculations shall be current and relevant at the time of quantification and as
specific as possible for the relevant regions (e.g., for different states, provinces, regions, countries etc.), if
available. When regional-specific factors are not available, Intergovernmental Panel on Climate Change (IPCC),
e.g., the fifth (AR5) or the Sixth Assessment Report (AR6) or other relevant reference sources should be
applied. Alternatively, conservative factors may be used with reasonable justification. The application of such
conservative factors shall be documented and reported on in the final report.
Achieving significant GHG emission reductions or removal enhancements between the baseline and a
reporting year for a production system is required to obtain Carbon Friendly® Certification.

13 ISO (2006) ISO 14044:2006 - Environmental management — Life cycle assessment — Requirements and guidelines. Available at:
https://www.iso.org/standard/38498.html (Accessed: 10 May 2021)
14 ISO (2018) ISO 14067:2018 - Greenhouse gases — Carbon footprint of products — Requirements and guidelines for quantification. Available at:
https://www.iso.org/standard/71206.html (Accessed: 7 June 2021).
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4.5.2 Reporting GHG emission reductions and/or removal enhancements

A final report for the GHG emission reductions and/or removal enhancements is prepared in compliance with
ISO 14064-2 principles, requirements, and guidance, typically available to the Clients within 21 days after
Carbon Friendly receives all primary data and information as requested. A standard report structure,
developed on the requirements established in section 6.13 –GHG reports shall conform with the ISO 14064-2
Standard and include the following information, as a minimum:
a) Name of the project proponent or Client (e.g., farm name, or agricultural operation, production
system).
b) Assessing production system or the agricultural operation (location, relevant area/size, duration, and
types of relevant activities in relation to the assessment and report).
c) GHG statement(s), including a statement of GHG emission reductions and/or removal enhancements
stated in units of CO2e either as the total tonne of CO2e over the whole production system, or an
operation, or in a unit of kg CO2e per unit of product.
d) A statement confirming that the GHG statement has been verified by a third-party verifier and the
level of assurance achieved.
e) List of all relevant GHG sources and sinks influenced by the adoption of changes (or “controlled by
the project”) in relation to the Carbon Friendly GHG project; as well as those unrelated to the changes
but included in the calculation. GHG sources and sinks are considered as “controlled by the project”
due to the adoption and/or enhancement of changes listed in section 3.1 of this document.
f) Statement of the aggregate GHG emission and/or removals by GHG emission sources and sinks (e.g.,
annual, cumulative to date or total) in a unit of CO2e for the relevant period such as the reporting
year, and between specific months of the year.
g) Statement of the aggregate GHG emissions and/or removals by GHG emission sources and sinks for
the baseline in a unit of CO2e for the relevant period such as for the base year, or a period of several
consecutive years.
h) Statement of GHG baseline and evidence in the form of an uncertainty and sensitivity analysis to
demonstrate that the GHG emission reductions or removal enhancements are not overestimated.
i) Statement of the method used as a basis for the calculations.
j) Statement on uncertainty and how it effects the GHG statement as well as a description of how
uncertainty has been addressed to minimise misrepresentation of the system.
k) Report date and period covered e.g., the validity of the GHG statement or claim.
l) Evidence of the appointment of an authorised representative on behalf of the project proponent, if
different from the proponent.
m) Statement that the project subscribes to the Carbon Farming Commitment.
n) Statement of changes to the project or monitoring system, the project plan and assessment of its
conformity to criteria, the applicability of methods used, and any other requirements.
The final report (either full report or summary of the results) shall be made available to the public, claiming
conformity of the GHG statement on the reduction and/or removal enhancements on the website of the
project proponent(s)/Client and/or the home page of the Carbon Friendly website. Alternatively, an
independent qualified third-party verification or validation statement, based on ISO 14064-3 may be obtained
for certification.

4.6 Feedback and Revision
Stage 5: The final GHG report is presented to the Clients and relevant stakeholders and seeks their feedback
on the inventory data and information used for calculations and the preliminary outcomes of the report. If
discrepancies are found, a consultation session will be arranged with the Clients to discuss possible
16
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explanations, misunderstandings, or possible errors. Once both parties agree with the outcomes, the results
will be formalised. Similarly, if no discrepancies are found, the results are validated and shared with the Clients
for approval.
All feedback and revision of the GHG inventory data, calculations and report are then documented in a
separate document and shared with the Clients and relevant stakeholders for their record.

4.7 Third-party Auditing
Stage 6: Independent third-party auditing is required for all assessments, either by a qualified third-party
verifier following ISO 14064-3, or a qualified auditor in GHG emission reduction and/or removal in the
agriculture sector, particularly sustainability.
Following training and agreements between Carbon Friendly and these qualified third-party verifiers, relevant
data, documents and information, calculations and the final report will be audited. The purpose of the audit is
to assess the compliance and consistency of the methods and guidelines applied to the assessment and report
against the ISO 14064-2 Standard and relevant national standards (e.g., Carbon Credit Rule 15).
Third parties will undertake self-determined site visits of the system to assess or verify previous audit
outcomes, if required. These self-determined site visits will be done according to a statistically relevant square
root ratio and in agreement with Carbon Friendly.

4.8 Certification
Stage 7: The purpose of the Carbon Friendly® Certification is to recognise environmentally friendly agricultural
production systems and motivate farmers to increase/enhance GHG reduction and/or removal practices at the
farm level that reduce the carbon footprint of products in the relevant supply chains.
The two possible Certifications determined by the audited outcome and results, are namely:
a) The production system is “Carbon Friendly® with GHG Reductions” if there has been a reduction in
GHG emissions per unit of production between the baseline and the reporting year.
b) The production system is “Carbon Friendly® Carbon Net Zero Plus” if the total GHG reductions and
removals more than offset the total emissions of the crop of production system. That implies that the
system generated actual net carbon credits rather than net emissions in the reporting year.
A new certificate of compliance is issued for each annual assessment for the registered production system,
after each assessment of the environmental performance of the production system. For this purpose, the
annual farm inputs and output data and all relevant information are required to be updated.

5

MONITORING & CHECKING

Monitoring and checking is an assessment of the accuracy, completeness, and transparency of the Carbon
Friendly® Certification process for any registered production system. Key elements of these processes include
monitoring and checking GHG inventories data and records, emission calculations and emission factors, and
reports.

The Clean Energy Regulator (2021) Measurement of soil carbon sequestration in agricultural systems method. Online. Available at:
http://www.cleanenergyregulator.gov.au/ERF/Pages/Choosing a project type/Opportunities for the land sector/Agricultural methods/The-measurement-of-soilcarbon-sequestration-in-agricultural-systems-method.aspx (Accessed: 20 May 2021).
15
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5.1 Monitoring
5.1.1 GHG inventory data and records

Monitoring the GHG inventories data and records is performed when required for accounting GHG emissions
and/or removals of the registered production system. Monitoring should be done on an annual basis, at a
minimum. This process is performed in collaboration with the Clients and/or data providers, internal auditors
(Carbon Friendly), and external auditors (qualified third-party agencies) depending on the complexity of the
inventory data and the targeted level of assurance of the assessment outcome. The monitoring procedure shall
be discussed with the Client at the planning phase of the project using the standard form that outlines the
relevant GHG sources and sinks, data requirements and records (Appendix E – Project Monitoring Plan).
The following monitoring procedure shall be applied to monitoring a production system in a reporting year:
a) Carbon Friendly and the Clients discuss and agree on which sources of GHG emissions and sinks or
farming activities/ practices are presented for annual monitoring and checking. The specific methods
or forms of monitoring are to be documented with reasonable explanations as to why those methods
or forms were chosen (Appendix E – Project Monitoring Plan).
b) Both parties create and agree on a detailed plan for monitoring the relevant sources of GHG emissions
and sinks, especially the primary and important secondary sources and sinks, or those that are directly
related to adopted practice changes. For example, when soil samples and native vegetation are
performed and measured, or when the original data on farm inputs and outputs are collected.
c) The farmers record and provide Carbon Friendly with the quantitative data and information for the
relevant farming activities of the registered system on an annual basis.
d) The farmers document and notify Carbon Friendly of any additional changes in farming practices and
management approaches that arise during the reporting year, and not suggested at the initial of the
project/ assessment.

5.1.2 Calculation methods and risks of leakage of a GHG emission reductions or removals
enhancements

Monitoring calculation methods are the responsibility of Carbon Friendly, partly for quality control purposes
to ensure the GHG emission and/or removal accounting is not biased, is up-to-date and reduce or limit
uncertainties. Internal auditors must check if the values and/or conservative assumptions used for GHG
emission calculation of previous assessments are still valid.
This check is particularly important for those values and assumptions used in calculating the baseline emissions
and how changes in those values and assumptions could significantly affect the outcome of the reporting year.
For example, newly released GWP100 factors by IPCC should be considered for the correction, or baseline
emissions factors for farm inputs such as fertilisers, chemicals and electricity which could be changed due to
secondary changes in the production and supply of these inputs in each region or country.
Any identified risk that could substantially impact the GHG emission reduction or removal enhancement is
strictly managed to minimise risks. The management of risks which may potentially result in the reversal or
leakage of a GHG emission reduction or removal enhancement is of particular importance., Both Carbon
Friendly auditor(s) and the project proponent(s) are responsible for recording and documenting improvements
against the identified risks and recording these in the final report.
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To make provision for any leakage of net carbon removals or reductions, the Carbon Farming Commitment
that the client sign at the commencement of the assessment process, includes the following clause for the
establishment of a leakage buffer:
“We agree that 20% of the annual audited Carbon Credits generated can be retained in a Leakage Buffer on
the Carbon Register for a period of 3 years before released for sales to allow for potential drought conditions
or changes in management practices that could lead to significant leakage, or a net reduction in GHG
improvements.”

5.2 Multiple levels of verification – Quality control (QC)
Three levels of checking are performed for QC and quality assurance purposes at all stages of the project
including data collection, site visit, managing data, calculations, report and for the whole project.

5.2.1 First level

The first level of checking is expected to be done by the data providers for all relevant inputs, outputs, and
information of the assessed production system. The data providers are responsible for the completeness,
origin, accuracy, and transparency of all data entries to the Data Capture Form (sections 3.2 and 3.4). Relevant
training will be provided for data providers to complete data records, data entry and the consolidation of
information at the farm level.

5.2.2 Second level

The second level of checking shall be performed by internal auditors at Carbon Friendly for the accuracy of
collected inventory data and system information, GHG emission calculations and reports. This process shall be
documented using the standard checklists and to be reviewed when required, or annually by Carbon Friendly
for any GHG projects. This step serves to improve the application of GHG accounting and reporting principles.
These processes are required for key calculation parameters and factors, which are used for GHG emission
reductions and/or removal calculations. This second level of monitoring and checking should cover all points
for assurance of data quality and accuracy of results, based on the GHG Protocol, and complying with the ISO
14064-2 requirements. As a rule of thumb, an error is materially 16 misleading if its value exceeds 5% of the
total results for the part of a production system being verified (GHG Protocol, Chapter 10). In this case, the
revised data and results are required to be corrected with the updated values and documented with clear
explanations or justifications in the updated report.

16

Information is material if, by its inclusion or exclusion, it can be seen to influence any decision or actions taken by users of it (The Greenhouse Gas Protocol)
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Table 2. Quality management measures – Monitoring and Checking checklist
Data gathering, input and handling activities - for data providers

a) Confirm the general farm information (e.g., farm name, location, relevant production system and area
etc)
b) Check origin of the data (e.g., list of inputs used and/or documents related to purchases)
c) Check accuracy in the amount and units of each data inputs reported in the Data Collection Template
d) Ensure adequate version control procedures for electronic files have been implemented
Site visits – for Carbon Friendly auditors

a)
b)
c)
d)

Assessing the nature of the production system at each site
Assess the risk that site data could be materially mis-stated.
Check origin of the obtained GHG inventory data
Others

Data documentation for Carbon Friendly auditors

a) Confirm bibliographical data references are included in spreadsheets for all primary data
b) Check copies of cited references have been archived
c) Check assumptions and criteria for selection of boundaries, base year, methods, activities data,
emission factors, and other parameters are documented
d) Check changes in data or methods are documented
e) Others
Calculation emissions – for Carbon Friendly auditors

a)
b)
c)
d)
e)
f)
g)
h)
i)

Check emissions units, parameters, and conversion factors are appropriately labelled
Check units are properly labelled and correctly carried through from beginning to end of calculations
Check conversion factors are correct
Check data processing steps (e.g., equations) in the spreadsheets
Check a representative sample of calculations, by hand or electronically
Check some calculations with abbreviated calculations
Check aggregation of data across source categories, business units, etc
Check consistency of time series inputs and calculations
Check uncertainty for key parameters and results Others

Reporting the inventory data and results – for Carbon Friendly auditors

a)
b)
c)
d)
e)
f)

Check details of production system boundary (e.g., inclusion and exclusion data)
Check description of data and key assumptions used.
Check summary inventory data table, particularly for key parameters in the report.
Check consistency of units used for all parameters throughout the summary inventory data table.
Check all tables and figures of results against the calculated values in the model.
Check the conclusion and highlight of the results, reflect those results obtained from the CF model
and are presented consistently in the report.
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5.2.3 Third level

Independent qualified third-party auditors (i.e., AUS-QUAL) or verifiers (requires ISO 14064-3 accreditation)
are required, depending on the complex nature of a production system and the methods used for the analyses.
This external audit aims to strengthen the level of assurance of the GHG inventory data and credibility of the
outcome and reports of GHG emission reduction and/or removal enhancements.
According to the GHG Protocol guidance for Project Accounting, it is possible, at a next level, to verify (in
accordance with ISO 14064-3) the entire GHG inventory or specific parts of it. This process may also examine
more general managerial issues or concerns such as quality management procedures, availability of resources,
clearly defined responsibility, duties, and internal review procedures (i.e., second level of monitoring). The
specific scope of work is influenced by what the verifiers (qualified ISO 14064-3 verifier) find once the
verification commences, and as a result, the scope of work must remain sufficiently flexible to enable the
verifiers to adequately complete the verification.

6

METHODOLOGY

Carbon Friendly has developed a unique GHG emissions simulation model (CF model) that quantifies GHG
emission reductions and/or removals in a production system for a base year (baseline) and a reporting year,
using site specific primary data and information, and secondary data and information from relevant scientific
studies. The scientific basis of the model and the method is based on the international environmental
management framework ISO 14044 (Figure 2), and peer-reviewed scientific studies, such as Visser et al. 17, 18
and others.

Figure 2. Climate Impacts assessment framework for CF Certifications

6.1 Quantifying GHG emissions, reductions and/or Removal
The CF model quantifies GHG emissions, emission reductions and emission removals from all relevant sources
and sinks (Table 3). Greenhouse gas emission sources are inputs or activities that result in the emanation of
17

Visser, F., Dargusch, P., Smith, C., & Grace, P. R. (2014). A Comparative Analysis of Relevant Crop Carbon Footprint Calculators, with Reference to Cotton
Production in Australia. Agroecology and Sustainable Food Systems, 38(8), 962-992. doi:10.1080/21683565.2014.923799

18

Visser, F., Dargusch, P., Smith, C., & Grace, P. R. (2015). Application of the Crop Carbon Progress Calculator in a ‘farm to ship’ cotton production case study in
Australia. Journal of Cleaner Production, 103, 675-684. doi:10.1016/j.jclepro.2014.09.093
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GHG from the production systems. Carbon sinks provide a means of GHG removal from the system, the primary
sinks being soil organic carbon improvement and the enhancement of native vegetation areas. Emission
reductions are derived from a lowering of GHG emissions relative to the base year, and accounted for per
production unit.
Relevant emissions sources (Table 3) were determined for system inputs, outputs, and farm management
practices, based on the minimum data requirement outlined in section 4.4.1 and Table 1. Emission sources
include but are not limited to the following
a) Direct emissions from fertiliser use, energy use, livestock, crop residue management and the
transport of inputs and products to and from the farm
b) Indirect emissions from the production of fertilisers and chemicals and emissions from leaching, runoff, and volatilisation
c) Emissions resulting from land-use change in the past 20 years
The formulae, algorithms, and emission factors utilised by Carbon Friendly in the GHG emission simulation
model are derived from the GHG Protocol for Project Accounting (Chapter 10, section 10.2.2), the
Intergovernmental Panel on Climate Change (IPCC) 19, the Australian National Greenhouse Gas Inventory
(NIR) 20, and official guidelines and are detailed in the following sections.
The net GHG emissions of a production system are calculated annually as the difference between the total
GHG emissions (all emissions sources) and the total carbon sequestration (all potential carbon sinks) as follows:
ENet = ∑𝒏𝒏𝒊𝒊=𝟏𝟏 𝑬𝑬𝑬𝑬 - ∆Cseq

(Eq. 1) 21

where: ENet is the net GHG emissions of the production system (kg or t CO2e per unit of product) in the reporting
year; Ei is the total volume of GHG emissions in a given year (kg or t CO2e per unit of product); ∆Cseq is the
amount of carbon sequestration increase from the base-year compared to the reporting year (kg or t CO2e per
unit of product).
Table 3. Relevant practice changes, GHG emission sources, sinks and scopes
Relevant
category

Relevant practice
changes/ Activities

Expected impacts and Source of
GHG fluxes accounting

GHG type
accounting

19

The Intergovernmental Panel on Climate Change. (n.d.). Retrieved May 2021, from https://www.ipcc.ch/

20

Department of Industry, Science, Energy and Resources. (2020, July 21). National Greenhouse Gas Inventory. Retrieved January 2021, from
https://www.industry.gov.au/data-and-publications/national-greenhouse-gas-inventory-quarterly-updates

GHG
Scope

Minister for the Environmental and Energy (2021) Carbon Credits (Carbon Farming Initiative—Measurement of Soil Carbon Sequestration in Agricultural Systems)
Methodology Determination 2018. Attorney-General’s Department. Available at: https://www.legislation.gov.au/Details/F2018L00089 (Accessed: 7 June 2021).

21
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Soils

Native
vegetation

Production
System
inputs

Cover crops, crop
rotations, grazing
rotations, minimal-till,
strip-till and no-till,
application of organic
amendments, land
transformations

Changes in CO2 fluxes to/from
carbon stocks in cropland, grazing
land and horticultural soil increased soil carbon
sequestration.
Soil N2O and CH4 emissions from
land transformation/ land-use
changes – minimise soil N2O and
CH4 due to soil disturbance

CO2 emissions due to
land transformations
and disturbance.
CO2 removal as a
result of soil carbon
sequestration
improvement rate.
N2O and CH4
emissions and/or
reduction due to
land-use changes
and soil disturbance

Native vegetation
improvement (e.g.,
expansion of
groundcover area,
above-ground biomass)

Change in CO2 fluxes to/from
carbon stocks in above and belowground biomass and dead organic
matter (DOM) – Increase CO2
removal

CO2 removal through
plant
photosynthesis.

Replacement of
synthetic fertilisers

Changes in in-field emissions from
fertilisers used including field
emissions, leaching and runoff)

N2O emissions

Reduced nitrogenfertilisers and lime use
Reduced chemical use

Reduced fuel (e.g.,
diesel, petrol, gases) use
by tractor for soil
preparations, planting,
weeding, harvested and
treatments of crop
residue and/or animal
waste, and for irrigation

Reduction of CO2 emissions from
applied urea and lime to the soil

Scope 1

CO2 emissions via
decomposition and
combustion of
organic matter
Scope 1

Urea and lime
related soil CO2
emissions

Reduction of GHG emissions
associated with the production of
synthetic fertilisers (incl. urea and
lime) and chemicals

CO2 emissions

Scope 3

Reduction of GHG emissions
associated with the transport of
farm inputs such as purchased
fertilisers, chemicals, organic
amendments, and purchased fuels

CO2, CH4, N2O
emissions and
reductions

Scope 3

Reduction of GHG emissions
derived from combustion of fuel
used on-farm for tractors, on-farm
vehicles and/or pumping water

CO2, CH4 and N2O
emissions and
reductions

Scope 1

Reduction of GHG emissions from
the production of fuel

CO2, CH4 and N2O
emissions and
reductions

Scope 3
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Reduced electricity use
for irrigation, on-site
processing, and
packaging

Production
System
outputs

Renewable
energy

Reduction of GHG emissions
associated with use of purchased
electricity

CO2, CH4 and N2O
emissions and
reductions

Scope 2

Reduction of GHG emissions
associated with a transmission loss
of electricity

CO2, CH4 and N2O
emissions and
reductions

Scope 3

Relative improvements
in yield and
productivities due to
genetic improvement,
herd management,
feeding technologies
and diets

Reduction of GHG emissions per
unit of product and co-products

CO2, CH4 and N2O
emissions
and
reductions

Scope 1

Crop residue and animal
waste management
systems: incorporated
stubble to the soil,
anaerobic digester, or
compost for organic
wastes

Reduction of GHG emissions from
burning of savannahs and crop
residue

CO2, CH4 and N2O
emissions
and
reductions

Scope 3

Adoption of renewable
energy

Reduction of GHG emissions from
the use of purchased electricity at
national grid

CO2, CH4 and N2O
emissions
and
reductions

Scope 2

Reduction of GHG emissions from
untreated organic waste

To a large extent the reliability of the analyses and results are dependent on the accuracy of the primary data
collected at the farm level, hence the focus on the verification of the reliability of all input data, as explained
in the steps above. Factors that may be sensitive to climatic conditions and can significantly affect the
assessment results, such as historical SOC and VEG development zones, may be subjected to further sensitivity
analyses or require the use of conservative assumptions and values (section 4.5.1)
Measuring SOC and VEG development zones requires soil sampling and analysis of SOC and measurement of
VEG development zones to be conducted using a unique procedure described in sections 6.6 and 6.7.
Background inventory data and primary data not available on-farm will be taken from the literature, and
national Life Cycle Inventory databases for agriculture, where available. For example, in Australia, AusLCI 22 can
be used to quantify the emissions of specific production regions or states. If the national LCI database is not
available for specific production regions, the international Life Cycle Inventory database (Ecoinvent 23) will be
used for the national scale. Carbon Friendly aims to advance the science and location accuracy of data by
utilising as many site-specific data sources and emission factors as possible.

22

The Australian National Life Cycle Inventory Data (AusLCI). Retrieved May 2021, from http://www.auslci.com.au/

23 Wernet, G. et al. (2016) ‘The ecoinvent database version 3 (part I): overview and methodology’, The International Journal of Life Cycle Assessment, 21(9), pp.
1218–1230. doi: 10.1007/s11367-016-1087-8.
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Figure 3. System boundary to assess a crop production system for Carbon Friendly® Certification

Figure 4. System boundary for a livestock production system (e.g., beef)

6.2 Emissions from fertiliser application
The GHG emissions associated with fertiliser use include those resulting from the actual application of the
fertiliser applied per year (scope 1 emissions), and the emissions related to the manufacturing of the fertilisers
(scope 3 emissions). Fertiliser derived N2O emissions (N2O-fertiliser) is calculated following Equation 2 and 4.
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Emission factors (EFdirect and EFindirect) for each of the fertilisers are taken from Wood and Annette (2004) 24 and
the most current National Inventory Report, or as specific as possible for the sources, origin and types of
fertilisers expected to represent different production systems on a regional, rather than national scale. For
example, the Australian agriculture NIR 2019 25 can be used for assessments before 2021 (Appendix F– Soil
Sampling Methodology for tree crops, Appendix G – Emissions Factors for fertilisers used in Australia).

6.2.1 Direct N2O emissions from nitrogenous fertiliser use

Direct N2O emissions (scope 1) from nitrogenous fertilisers (N-fertilisers) used in cropping and grazing
production systems are calculated according to the total amount of N-fertilisers applied and emission factors
according to Eq. 2 and expressed in the unit of kg N2O.
Edfert = TM × EFdirect × 1.57

(Eq. 2)

where: Edfert is the amount of N2O emissions; TM is the total mass of N-fertiliser applied (kg N); EFdirect is the
direct emission factor for the N-fertiliser applied, and the specific production system (e.g., irrigated and nonirrigated) and state-specific (Appendix F– Soil Sampling Methodology for tree crops
(Please see accompanying PDF)

24 Wood, S. and Annette, C. (2004) A review of Greenhouse Gas Emissions Factors for Fertiliser Production. Available at:
http://large.stanford.edu/courses/2014/ph240/yuan2/docs/wood.pdf (Accessed: 7 June 2021).
25 Commonwealth of Australia. National Inventory Report (NIR) 2019. Volume 2. https://www.industry.gov.au/data-and-publications/national-greenhouse-gasinventory-march-2020
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Appendix G – Emissions Factors for fertilisers); and 1.57 is the conversion factor from the mass of element N
to the mass of N2O gas.
The specific emission factors are critical to calculating N2O-fertilisers and highly sensitive to the different
production systems, e.g., rainfed or irrigated cropping systems. The most specific emission factors should be
applied if available for the site of the production system. For example, while it could be assumed that EFdirect
of 0.55% for inorganic fertiliser-N applied to irrigated Australian cotton, (as recommended by the Australian
Department of Climate Change for the relevant carbon farming methodology), 26 the most specific EFdirect
inorganic fertiliser-N should be calculated for irrigated Australian cotton, using a non-linear regression
equation (Grace et al. (2016)) 27 and as suggested in the National Greenhouse Accounts 2019 (Commonwealth
of Australia, 2021) 28:
EFdirect = 𝟎𝟎. 𝟐𝟐𝟐𝟐 + 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎 × (𝒆𝒆𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎×𝑻𝑻𝑻𝑻 − 𝟏𝟏)/𝑻𝑻𝑻𝑻 (Eq. 3)

where: EFdirect is the estimated direct emission factor from the inorganic N-fertiliser applied; and TN is the
inorganic N-fertiliser application rate (kg N per ha).

6.2.2 Indirect N2O emissions from fertiliser use

Indirect N2O emissions include emissions from leaching run-off and ammonia volatilisation of fertiliser-N
applied, which are also characterised as scope 1 emissions from the production system. These emissions are
calculated based on equation 4:
Eifert = TM × EFindirect × 1.57

(Eq. 4)

where: Eifert is the amount of indirect N2O emissions from fertiliser-N; TM is the total mass of inorganic Nfertiliser applied (kg N); EFindirect is the direct emission factors for the N-fertiliser applied, the production system
and the state (Appendix G – Emissions Factors for fertilisers used in Australia); and, 1.57 is the conversion
factor from the mass of element N to the mass of N2O gas.

6.2.3 Emissions from the production of fertilisers

Scope 3 emissions associated with the production of the fertilisers applied to a crop are included in the
assessment and are calculated based on secondary inventory data. The emission factors for inorganic fertiliser
is based primarily on the National agricultural inventory data for fertilisers at regional storage 29, which includes
transportation from manufacturing to markets and regional storage before use.
In the case of organic fertilisers, livestock manure is regarded as a waste product and enters the production
model with no scope 3 emissions as it assumed that the emissions associated with the generation and piling
of the manure is accounted for within the feedlot boundary. However, compost is regarded as a fertiliser as it
is specifically manufactured for this purpose, and therefore the emissions associated with the manufacturing

26

Australian Government (2020). National Inventory Report 2018: Volume 1 (pp. 1-418, Rep.). Australian Government

27 Grace,

P. et al. (2016) ‘Emission factors for estimating fertiliser-induced nitrous oxide emissions from clay soils in Australia’s irrigated cotton industry’, Soil Research,
54(5), pp. 598–603. doi: 10.1071/SR16091.
Commonwealth of Australia (2021) National Greenhouse Accounts 2019. Available at: https://www.industry.gov.au/data-and-publications/national-greenhouseaccounts-2019/national-inventory-report-2019.

28

29

Department of Industry, Science, Energy and Resources. (2020, July 21). National Greenhouse Gas Inventory. Retrieved January 2021, from
https://www.industry.gov.au/data-and-publications/national-greenhouse-gas-inventory-quarterly-updates
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must be accounted for. These emissions factors are derived from the most relevant scientific studies
applicable. These assumptions are subject to revision when better data and guidelines become available.
For new fertilisers and those that do not have emission factors available, conservative values or reasonable
assumptions are used in the calculation, based on available references of similar types of fertiliser and specific
conditions of the production system. However, justification for the use of such values should be documented
in the final report.

6.3 Emissions from chemical use
In normal carbon accounting, the emissions resulting from the actual application of chemicals, such as
herbicides, cannot be assessed. While it is assumed that direct in-field emissions are negligible, the scope 3
emissions associated with the manufacture and transport of these products are accounted for.
Calculating the manufacturing emissions of relevant chemicals is based on the active ingredient levels of the
product, as well as the manufacturing category of the chemical as there are different emission levels attached
to the different manufacturing processes, as follows:

Echemi = ∑𝒏𝒏𝒊𝒊=𝟏𝟏(𝐌𝐌𝒄𝒄𝒄𝒄 × 𝐃𝐃𝒄𝒄𝒄𝒄 × 𝐀𝐀𝐀𝐀𝒊𝒊 × 𝐄𝐄𝐄𝐄𝒄𝒄𝒄𝒄)

(Eq. 5)

where: Echemi are the emissions from the production of a chemical (kg CO2-e); Mci is the mass of chemical used
(kg or litre); AIi is the active ingredient level (g/ litre); Dci and EFci are the energy content and emission factors,
expressed in MJ/ kg and kg CO2-e/ MJ, respectively; and, i is the specific group of chemical which has different
Dci, such as insecticide or herbicide.

6.4 Fuel use
Both on-site fuel use emissions and supply chain fuel use emissions (transport) are calculated and accounted
for in the assessment. On-site fuel usage includes diesel, petrol and avgas in normal farming operations and
activities, such as tractor use, sprayers, irrigation activities, and are quantified as scope 1 emissions. Supply
chain fuel emissions account for fuel consumed in the delivery of inputs onto the farm and the delivery of crop
outputs to the point of processing or distribution, depending on the system boundary of the production system
being assessed. The GHG emissions associated with the transport of farm inputs are characterised as scope 3
emissions. The emission factors for diesel, petrol and avgas are based on the Australian National Greenhouse
Gas Inventory (Table 4). The fuel and supply chain fuel emissions are calculated as follows:

Eij = ∑𝒏𝒏𝒊𝒊=𝟏𝟏(𝐐𝐐𝐢𝐢 × Eci × EFfuel × 10-3)

(Eq. 6)

where: Eij is the emission of gas type; Qi is the quantity of fuel type (litre); Eci is the energy content factor of
fuel type; EFfuel is the emission factor of the fuel.
Table 4. Energy content and emission factors for common fuel use
Fuel

MJ/L

CO2

CH4

N2O

Diesel oil

38.6

69.9

0.1

0.2

Fuel oil

39.7

73.6

0.04

0.2

Avgas

33.1

67.0

0.2

0.2

Source: National Greenhouse Accounts factors (industry.gov.au)
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6.5 Electricity use
The emission factors used to determine electricity emissions are regional or state-specific, and derived from
GHG inventories, if available. For Australia, the Australian National Greenhouse Gas Inventory is publicly
available. The calculation of GHG emissions from electricity is based on the equation below:

Eij = ∑𝒏𝒏𝒊𝒊=𝟏𝟏(Ec ×fi × EFi )

(Eq. 7a)

where: Eij are the emissions of the purchased grid electricity generated from different materials (e.g., coal, gas,
renewables) for a specific state/country/region; Ec is the total electricity consumption (kWh); fi is the fraction
of electricity generated from different materials; and EFi is the emission factor of the materials used to
generate electricity (kg CO2e per kWh). Alternatively, a simplified equation can be used to calculate GHG
emissions from purchased grid electricity using the specific regional or state scope 2 emission factors (EFs), as
follows:

Eij = Ec × EFs

(Eq. 7b)

It is necessary to account for the scope 3 emissions associated with the loss of electricity in distribution. These
emission factors are monitored and checked annually based on the most current report from National
Inventory for energy.

6.6 Soil carbon sequestration
There is growing recognition of the potential for agriculture to significantly reduce GHG emissions by
sequestering carbon (C) in the agricultural soil and VEG zones, and thereby reduce the emissions intensity of
the food and fibre supply chains. Carbon Friendly seeks to further the development of methods to assess GHG
reduction and removal by agriculture and to incorporate the use of this information in modelling.

6.6.1 Calculation of soil carbon sequestration

The OC content of the soil is assessed on an annual and site-specific basis. Soil samples are taken and analysed
following the national standard soil sampling protocol. For example, in Australia we apply the sampling
guidance for measurement-based soil carbon methods by the Clean Energy Regulator (2021), which 30 is
considered the standard for general production systems.
Annual SOC data is used to calculate the extent to which soil carbon stocks and corresponding emissions may
have changed over the assessment period. Soil carbon stocks are calculated for the total harvested area of the
crops assessed, using a site-specific regression equation of historical annual SOC for the topsoil layer of 0.3 m,
following the national guidelines (In Australia, Carbon Credits 31 and Managing Soil Organic Matter (GRDC,
2013). 32

30 Department of Industry, Science, Energy and Resources 2021. Sampling guidance for measurement-based soil carbon methods.
http://www.cleanenergyregulator.gov.au/DocumentAssets/Pages/Sampling-guidance-for-measurement-based-soil-carbon-methods.aspx
31 The Clean Energy Regulator (2021) Measurement of soil carbon sequestration in agricultural systems method. Online. Available at:
http://www.cleanenergyregulator.gov.au/ERF/Pages/Choosing a project type/Opportunities for the land sector/Agricultural methods/The-measurement-of-soilcarbon-sequestration-in-agricultural-systems-method.aspx (Accessed: 20 May 2021).

GRDC (2013) Managing soil organic matter a practical guide. Edited by Grains Research & Development Corporation. Online: GRDC. Available at:
http://www.grdc.com.au (Accessed: 7 April 2021).
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Calculating the change in soil carbon stock (∆Csoil30) for the relevant production system in the reporting period
is based on SOC results for the 0.3 m topsoil layer and expressed in tonnes of carbon per hectare per year
and/or kg CO2e per unit of product, using the following equation: 33
∆𝐂𝐂𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 = ∑𝒏𝒏𝒊𝒊=𝟏𝟏(∆𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 − 𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂)

(Eq. 8)

where: ∆Csoil30 is the change in soil carbon stock in the topsoil layer of 0.3 m (tonnes carbon) between the base
year and the reporting year; ∆Csoil i is the value for the change in soil organic carbon stocks of the production
system for the reporting period; CNSFi is the total amount of organic carbon in all non-synthetic fertilisers
applied (e.g., animal manure, compost and organic amendments) to the production zone over the reporting
period.
Soil organic carbon in a given year (Csoil) is calculated as a weighted average of SOC results from the soil tests
(CF) for the different production zones or paddocks (i), which varies depending on soil bulk density (BD) of the
upper layer 0.3 m.
Csoil = ∑𝒏𝒏𝒊𝒊=𝟏𝟏(𝐂𝐂𝐂𝐂𝐂𝐂 × 𝐁𝐁𝐁𝐁𝐁𝐁 × 𝐕𝐕𝐕𝐕)/ V

(Eq. 9)

where: CFi is the fraction of carbon at paddock/zone (percentage carbon divided by 100); BDi is soil bulk density
(kg per cm3) at zone or paddock I; and V is the soil volume of 0.3 m soil layer (m3).
The baseline assessment applies a conservative uncertainty value to estimate SOC if insufficient soil tests are
available. The uncertainty factor is applied to avoid the overestimation of SOC improvement and thereby
minimises the risk of the overestimation of GHG reductions and/or removal compared to the baseline. The
number of soil tests required for a reporting year is based on the size of the relevant cropping or grazing areas
or based on the farm/paddock zones using the imagery approach (see Section 6.6.4).
The rate of organic amendment application may be used to determine potential carbon sequestration rates.
In this regard, 34 we only account for the stable fraction of carbon that will potentially be sequestered into the
soil. This is normally a smaller fraction of the total carbon applied due to the potential volatility of these
products.

6.6.2 Determination of soil bulk density

Soil bulk density (BD) is an important site-specific parameter needed to determine the total SOC stock of a
cropping or grazing area. In the absence of actual field data, mapping platforms are used to identify variation
in soil BD across farm areas and within each paddock. A weighted BD, representative of the whole area, can
then be determined for the production system. A higher uncertainty factor is applied when BD is derived from
such maps instead of on-site testing.

6.6.3 Determination of soil sampling locations

Site-specific and representative soil sampling is crucial for the accurate determination of SOC. The procedure
for determining soil sampling locations can vary according to the production system and changes to farming

Donovan, Peter. 2013. Measuring Soil Carbon Change. A flexible, practical, local method.
https://soilcarboncoalition.org/files/MeasuringSoilCarbonChange.pdf

33

34 Biala, J. (2011). The benefits of using compost for mitigating climate change (pp. 1-39, Rep.). Sydney South, NSW: Department of Environment, Climate Change
and Water NSW.
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practices. In addition to the official guidance on soil sampling procedures provided by the Clean Energy
Regulator, 35 Carbon Friendly uses an innovative approach of mapping platforms that stratify farm areas into
sampling zones according to proximally sensed indices correlated to SOC. These zones, according to Donovan,
2013, 36 establish that stratification is most effective when: i) variability within strata/zones is minimised; ii)
variability between strata/zones is maximised; and iii) the variables used for stratification strongly correlate to
SOC change. A combination of soil BD, elevation, and normalised difference vegetation index (NDVI) is used to
establish farm zones.
Soil sampling methods for tree crops (e.g., macadamia, avocado and pecan etc.) follow a specific protocol that
was developed by CF to minimise the uncertainty in soil carbon improvement. This is also particularly
important to correct/validate the historical soil organic carbon for tree crops projects (Appendix F– Soil
Sampling Methodology for tree crops).

6.6.4 Determination of soil sample numbers

Following the stratification of farm areas into zones, the resolution of soil sampling can be improved, despite
fewer samples being taken. Carbon Friendly requires that no less than three composite samples be taken per
farm zone, with the number of zones depending on the farm's or cropping area variability.

6.7 Native Vegetation
There is increasing evidence of the sequestration of atmospheric carbon by mature native vegetation systems
(VEG) 37, where it was previously believed that mature native stands are in equilibrium and do not sequester
additional carbon. Extensive studies38, 39 have provided guidelines on the carbon sequestration rates of the
different native vegetation types.
The Carbon Friendly model uses five categories of VEG systems that sequester additional carbon from the
atmosphere on an annual basis. These are woody vegetation (woodland), shrub and savanna, native grasses,
improved pasture, and riparian zones. Changes in these vegetation types or annual ground cover on-farm,
between the baseline and the reporting year, are determined using different imagery platforms and tools.
The relevant VEG area (zones) should exclude buildings, dams, and roads (Figure 5). Following the estimation
of the VEG area for different vegetation types, Carbon Friendly uses conservative sequestration rates from
literature to calculate the potential carbon sequestration for the VEG system. In the case of multiple crops
assessed in the same audit, carbon sequestration from the VEG system is allocated based on either a mass
allocation (i.e, area of individual crops or product yield) or the economic allocation (i.e., the value of each
commodity) approach following the ISO 14044 framework for life cycle assessment (LCA).

35 The Clean Energy Regulator (2021) Measurement of soil carbon sequestration in agricultural systems method. Online. Available at:
http://www.cleanenergyregulator.gov.au/ERF/Pages/Choosing a project type/Opportunities for the land sector/Agricultural methods/The-measurement-of-soilcarbon-sequestration-in-agricultural-systems-method.aspx (Accessed: 20 May 2021).

36

Donovan, P. (2013). Measuring soil carbon change: A flexible, practical, local method. Soil Carbon Coalition

37

Smith, R. A., & Reid, N. (2013). Carbon storage value of native vegetation on a subhumid -semi-arid floodplain. Crop and Pasture Science, 64(1209–1216).
https://doi.org/10.1071/CP13075

38

Luyssaert, S., Schulze, E. -., Börner, A., Knohl, A., Hessenmöller, D., Law, B. E., . . . Grace, J. (2008). Old-growth forests as global carbon sinks. Nature, 455(7210),
213-215. doi:10.1038/nature07276

39

Zhou, G., Liu, S., Li, Z., Zhang, D., Tang, X., Zhou, C., Mo, J. (2006). Old-Growth Forests Can Accumulate Carbon in Soils. Science, 314(5804), 1417-1417.
doi:10.1126/science.1130168
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An alternative approach is to use FullCAM (Full Carbon Accounting Model) 40 to estimate changes in the above
and below-ground biomass, including standing and decomposing debris and soil carbon changes resulting from
land use and management activities. This estimation is used as a reference value and is compared with the
calculated results from the CF method. A significant difference in the two outcomes prompts further review of
data and assumptions. FullCAM is required for Australian Emissions Reduction Fund (ERF) projects to estimate
changes in carbon in the agricultural system in relation to changes in ground cover and farming practices.

Figure 5. Project area and exclusions (the Clean Energy Regulator, 2021)

40

Department of Industry Science Energy and Resources. (2020). Full Carbon Accounting Model (FullCAM). In Using FullCAM for Emissions Reduction Fund Projects.
https://www.industry.gov.au/data-and-publications/full-carbon-accounting-model-fullcam
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7

APPENDIX

7.1 Appendix A – Carbon Friendly Eligibility Criteria
Soil carbon/Organic
matter improvements

Reduction in farming
inputs

Increased Native
Vegetation Zones

Introduction of
renewable energy

Improvements in
yield

Cover cropping

Fertiliser use

Native grasses

Solar arrays

Increased yield in
recent years

Crop rotations

Chemical use

Native trees

Wind energy

Reduced or zero
tillage

Fuel use

Native riparian trees

Hydropower

Application of organic
amendments like
compost, manure,
microbial products,
biosolids etc.

Electricity use

7.2 Appendix B – Engagement Agreement
(Please see accompanying PDF)

7.3 Appendix C – Project Description
(Please see accompanying PDF)

7.4 Appendix D – GHG SSRs and Baseline Determination
(Please see accompanying PDF)

7.5 Appendix E – Project Monitoring Plan
(Please see accompanying PDF)

7.6 Appendix F– Soil Sampling Methodology for tree crops
(Please see accompanying PDF)
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7.7 Appendix G – Emissions Factors for fertilisers used in Australia

Table 5. Direct emission factor (EFdirect) for fertilisers-N applied.
Production system

EF (<600mm rain)

EF (>600mm rain)

Irrigated crop

0.0085

0.0085

Irrigated pasture

0.0039

0.0039

Non-irrigated crop

0.002

0.0085

Non-irrigated pasture

0.0021

0.0021

Sugar cane

0.0199

0.0199

Cotton

0.0055

0.0055

Horticulture

0.0085

0.0085

Source: National Inventory Report 2019 (Commonwealth of Australia, 2021) 41

Table 6. Indirect emission factor (EFindirect) for fertilisers-N applied.
Production system

Non-irrigated crop

Irrigated
crop

Sugar

Cotton

Horticultural
crops

NSW

0.192

1.0

0.99

0.932

0.599

VIC

0.438

1.0

QLD

0.043

1.0

SA

0.279

1.0

WA

0.223

1.0

NT

0.777

1.0

0.857

ACT

0.192

1.0

0.599

TAS

0.985

1.0

0.996

0.702
0.656

0.713

0.293
0.667

0.759

1

0.911

Source: National Inventory Report 2019 (Commonwealth of Australia, 2021)

41 Commonwealth of Australia (2021) ‘National Greenhouse Accounts 2019’, in Volume 1, p. 432. Available at: https://www.industry.gov.au/data-andpublications/national-greenhouse-accounts-2019/national-inventory-report-2019.
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7.8 Appendix K – Data Uncertainty Assessment
Table 7. Example of Data Uncertainty Assessment
Relevant Parameters

Response

Soil Organic Carbon
Historic soil data trend for more than 3 years

Sampling density/coverage (1 sample per x ha)
Soil bulk density
Data variance

10

Comment/Note

38%

0

< 8 ha

4

Measured

4

Measured at 0-30cm depth

25-30%

2

CV 28%

2
Other
confirmation

Farm Inputs
Synthetic N-fertilisers used

Discount
applied
(%)**

No

Native vegetation
Vegetation quality

Score*

50%

2

14
System derived

4

Specific N% content for fertilisers

Management
derived

2

Energy used (fuel and electricity)

System derived

4

Chemicals used (lists, total amount or rate)

System derived

4

Farm Outputs

Only used soil data since
2018 for the regression

8

The yield of the main product

System derived

4

Yield of co-product

System derived

4

13%

Assumptions were used for
some of the fertilisers

0%

*Score ranges between 0 and 4 for the lowest and highest confident level of the data collected; ** discount rate is the uncertain
rate that applies to the outcome in the manner that avoids overestimation of GHG reductions and removals.

35
CERTIFICATION STANDARD V1.4-Web.docx

