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Abstract

This project developd a baseline carbon footprint and strategy to reduce emissans store carbon
towards a carbon neutral target for the Harvest Road @r(HRG) supplshain andundertookmarket
research to engage consumers.

Thefarm-gate carbon footprint, reported as an emission intensitas 121 kg CG-e kg LW for the
two years toF20. Reported for boxed beef ready for wholesale, impacts v#2@té kg CG-e kg boxed
beefl. Over 90% of emissions arose from thirakty supplierswith enteric methane from cattle being
the largest emission source. Net emission reduction stratefgiesnplementationto 2030 including
improved herd management, use obvel feed supplementand carbon storage in vegetation and
soil.

Market research found. in 4 consumers indicatl a willingness to pay 15% more for carbon neutral
beef, reducing to 1 in 5 when the price premiwmare set at30%, indicating a proportion obasumers
may be willing to pay for improved environmental performanmatich will be vital for driving change

Achieving the carbon neutral goal requires a wholesupplychain approach, engaging all
stakeholderdrom producers to consumelig a major efort to implement new practicesncreasng
environmental performancand delivemg premium WAbeefto the market
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Executive summary

Background

This report provides aupply chain emission intensjtynarket reviewinsightsand net emission

reduction planfor the HRG supply chailRGi & 2 SaGSNY ! dzZA 0 NF f A+ Qa € NASA
operating an extensive supply chain that includes pastoral properties (stations), backgrqunding
finishing, and a meat processing plant (Harvey Beef)loalited in Western Australia. HRG has
established a goal for positive climate action within the organisatimhthe supplghain are working

for carbon neutrality ahead of industry targetsnd supports the industry to achieve their CN30 goal.

This repat provides asupply chain emission intensjtynarket reviewinsightsand anet emission

reduction plan tohelp guide the changes requiredioOK A S@S | wDQa OF Nb2y vy Sdzi N

Objectives

Thespecificobjectives of this project are:

1 Determine the suply chain carbon footprinend opportunities to developcarbon neutral
beef production

1 Identify demand driven carbon neutral produgpportunitiesviaa comprehensive research
study and stakeholder interviews

9 The outputs of the project wilhclude a carbon footprint and net emissions reduction strategy
report, and a market insights report (from market research).

Methodology

The analysis was completed in four stages.efissionbaselinewas developed for the business
covering scope 1 and @missionsfollowed byan analysis covering scope 3 emissions, including
livestock purchased for grain finishing and meat procesfinghe two years including FY 19 and FY
20. Third, a market review was undertaken to investigate consumer attitudes bmnareutral beef
Fourth, anet emission reduction plan was established for supply chain (scope 3) emissions.

Greenhouse gas (GHG) emissions were modelidg established methods consistent with the
National Inventory Report (NIR) (Commonwealth of Adistra021)for agricultural emissions, and
consistent with the Idtional Greenhouse Gas Accounts (NG#&) energy related emission sources.
Livestock performance data were collected from company records to determine livestock emissions.
Scope 3 emissions fo purchased livestock were modelled using data from meat processing
regarding the weight and age ptocessingand region where cattle were bred. WA herd data from
ABARES were used to determine herd performance in the major production regions.
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Results/key findings
Supply chain carbon footprint

The mean emission intensity for the supply chatie-processingvas12.1 kg CG-e kg LW purchased

by Harvey Beef. The mean emission intensity for gfiasshed beef wad3.3kg CG-e kg LW, with a
range of 118to 20.7kg C@-e kg LW depending on the source regiosge Figure ) noting that the
supply of finished cattle from northerregions was small and may not be representativiean
emission intensity for graifinished beef was 18.kg CG-e kg LW and ranged froni0.0to 16.4kg
CQ-e kg LW depending on region (Figure 1). Mean emission intensity for grain finished be&bXas
lower than the mean emission intensity of gréssshed cattle, principally because lifetime ADG and
processingveightswere higher than for grass finished cattle.

The emission profile was dominated by enteric methane (4%)Bfollowed by nitrous oxide (al0%)
and carbon dioxide (a®%).Emissions from gragmished cattle dominated the emission profilén
average, enteric methane from grasished cattleand grainfinishedcattle prior to feedlotentry
contributed 78% of emissions prior to processing/hilst enteric methane from graifinished cattle
while cattle were being finishecontributed 3% ofpre-processingemissions.

Figure 1. GHG emissioimgensity (kg COz kg LW sold) for grassfinished and graidfinished beef
across the WA ABARES breeder regions
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* Results for the Pilbara and the Central Pastoral and the Kimberley were not representative of a stable herd
due to large numbers of other sales outside the Harvey Beef supply chain. These results should be interpreted
with caution.

After accounting for reat processing, the full supply chain emission intensity up to the point in which
beef is ready for transport from the meat processing plant wad RF.CG-e kg boxed beéf Of this,
2.8% of emissions were from meat processing. The emission intensigiatesl with meat processing
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(processing impacts only, not including upstream beef production) was found to be 0.53-kgkGO
HSCW.

Market Review

A comprehensive research study was undertaken by Nature Pty Ltd and The Lab Insight and Strategy

Pty Ltd to understand key insights and opportunities to inform future carbon neutral product
development.The study revealed that while generalderstanding environmental sustainability is

high (69%), understanding afarbon neutralityis lower (52%) especially when regarding the meat

industry (23%). Consumers were found to be more drawn to sustainability solutions that have
consumeffacing impacts such asduced plastic packaging or the utilization of renewable energy,

GAUGK AYRAOIFG2NE &adzOK | &-NJaf 204 t © 8 A LINREEESIS REGD NR Y
osustainabilitg indicators(seeFigure 2. This highlights the need for further public educationtba

purpose and role of carbon neutral beef in achieving sustainability goals.

FigurelwSall2yasSa (2 GKS jdzSadAz2y G¢KAY(lAy3d | o62dzi ad:
products, what signals to you that a beef product igegdA NB Y YSy (I f £ @ &dzadF Ayl of S

Strength of Claims in Signaling Environmentally
Sustainable (in beef products)
Extent to which Carbon Neutral signals
Environmentally Sustainable

A
A
26% A

o7
d [ certified as ‘sustainable 26% 7 2% 22%

Consumers have mixed reactions towards the pricing of carbon neutral beef, with 26% riggpond

they will always choose the sustainable and @cblA Sy Rf @ 2LJiA2yd® ¢KAA YI NJ
l R2ZLIGSNBEQ OF LIWINBEAYFGStEE m Ay n O2y&adzYSNEO AYyRA
neutral beef option, reducing to 1 in 5 consumers when the priegnium is set at 30%Jowever, a
FAZNIKSN) p1r 2F adaNBSe NBalLlRyRSyida SELINBaaiay3d (Kl
the environment all the time.

The key insights discovered during the qualitative study were:

1 People care deeply aboutstainability and are changing their behaviours to be more-eco
conscious.

f Carbon neutrality is notvell understood It is a hew concept that has little presence in the
market.

 Carbon neutrality is not something that people expect from brands or priortige now.
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1 Consumers are the driving force behind sustainability actind brands are currently the
driving force behind carbon neutrality.

T Inthe transition to carbon neutralitycommunication and messagimgedsto be watertight
and consistent.

Net emission reduction pathwayssupply chain

To identify pathways towards carbon neutral by 2030 for the supply chain, a total of 53 emission
reduction options were screened for applicability across supply chain operations (including grazing,
feedlot and meat processing for emission mitigation, asllves soil and vegetation carbon
sequestration).The screened emission reduction and carbon sequestration options were utilised to
formulate pathways to carbon neutral by 2030 for the supply chain. Due to the additional complexities
of geographical spreaaind distributionvariabilitiesacross the supply chain, additional modelling was
undertaken to determine the impacts of the various mitigation scenarios when combined with
distribution changesMitigationswere then groupedinto three pathways (Table 1).

Table 1. Emission mitigation pathways for the supply chain

Strategy Description
Pathwayl | BAUemissionsapproach

(P1) Expected expansion in beef supply based on industry estimates
Pathway2 | Beefherd managemenimprovements undertaketfherd improvement via better
(P2) weaning rates, higher turnoff weighflaster turnoff improved mortality.

Expansion ofjrainfeeding
Pathway3 | P2 + methane mitigating feed additives and supplements across the supply che
(P3) different intervals grainfeedingand grazing)

Then emissions data is scaled to a turnoff of 100,000 head per ¥harincrease in production

through the decade and the emissions profiles of the three pathways are displayed in Figure 3. The

three sceh NA2a RAaLIX @ GKS NBtFGAGBS AYLI OGa 2F QI NR2
FOlA2Y ¢ LI GKgl&ad t | {bE% fromthebaBelthe a8 pathvay NEoRide® G A 2 Y
a 14.3% reduction.
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Figure 3. Top: Estimated production inases (%) forecast through to 2030. Bottom: The emission
mitigation pathways for the supply chain to 2030.

.__.___._.__,__._—.——0——0——0—_'

Forecast beef production

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Time (year)
1000000
900000 4 Continuned increase in production - expansion of operations
800000 4
700000 4
_ i
?
8 600000 4
=
w
£
.g 500000 A
E
@
= 400000 A
°
=
300000 + Methane mitigating feed additives (grazing)
200000 4 Methane mitigating feed additives (feedlot)
Gradual Beef Herd Management improvement (weaning, mortality, ADG, increased lot feeding)
100000 A
0
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Time (year)
=8=BAU scenario Improved BHM and lot feeding Methane mitigating feed additives

Pathway 3 is defined as the optimal pathway to follow for the supply chain due to the incre
mitigation potential and thereforeeduced requirements on sequestratiofisthis approach does
not achievecarbon neutrality, sequestration from soil and vegetation is reqliioeachieve the goa
andisdisplayed in Figure 4.
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Figure 4. Pathway 3: Emission mitigation asdquestration required to achieve carbon
neutrality by 2030
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Due to the variability in soil and vegetation potential across the supply chain, further investigation is
required to develop a sequestration strategy tailored to the supply chiis. studyconsidered ERF
methodologies only for vegetation carbon sequestration. It was identified that the ERF has limitations

in relation to eligibility of land and carbon storage quantification that can be attributed to landholders.

As aresult, new strategies®r NS Ij dZANBR (2 ljdzr ydAFe @S3ASGlIGA2Y AY
Soil carbon shows promise, however is currently very expensive, particularly when measuring small
change over large areas such as in pastoral zones. tangermeasurement will beritical for

assessing soil carbon change moving forward.

Key Findings

This study presents the first large scale baselining and emission reduction plan for a beef supply chain

AY 1dzZaGNIEAFY 2 (GKS | dzi K2 NR&a (the2ndidsionR @ddilds atdk S a i d
emission reduction opportunities of a largeale supply chain in Western Australia, with relevance to

the broader Australian beef industry; particularly relating to current market insights and the program

of work required throuf research, extension and development to achieve current industry emissions

goals.
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1 Beefherd management improvements, such as improved weaning and growth rates, reduced
mortality, and expansion of grain feeding are expected to achieve ongoing, incremental
improvements in the emissions intensity profile of the supply chain, in this case leading to an
improvement of 5.3% to overall supply chain emissions intensity. Opportunities are greatest
for the northern industry, where cattle performance is more consteal and the
opportunities for improvement are greater. This will be necessary to reduce emissions,
particularly if the industry is to expand throughput by drawing more cattle from the north of
the state.

1 Methane mitigating feed additives have the potaitio deliver significant methane emission
reductions at various points of the supply chain, such as during grain finishing. Feed additives
were assumed to provide benefits within feeding facilities from 2024 and to grazing
operations from 2027. Supply dhaemissions mitigation from feed additives was forecast to
improve incrementally throughout the decade, achieving a 9% improvement in emissions
intensity for the supply chain by 2030. Together with beef herd management, combined
emission mitigations weréorecast to be 14.3% for the supply chain emissions intensity by
2030.

9 Considering the central role of methane and the challenges in substantially reducing methane
in the supply chain to 2030, there would be merit in further examining what is required to
aaaSaa yR LRGSyGAlrtte I OONBRAG a2 OFfftSR a/-
different metrics for assessing the impact of methane.

1 This study identified that carbon neutrality would require a significant amount of
sequestration in soil andegetation. Significant effort will need to be invested in establishing
the practices and measurement approaches needed to achieve these outcomes and measure
the impact across the supply chain. Specifically:

0 Lowercost measurement is a critical need for @ssing soil carbon change. Current
ERF soil carbon projects are very expensive, and costs are greatest when measuring
small change over large areas such as in pastoral zones. This is a critical gap for the
beef industry.

0 Vegetation ERF methods are suitedarge projects. In a supply chain context, many
small projects are required to quantify vegetation carbon sequestration. Costs are
anticipated to be a barrier to widespread adoption. Other systems with lower
compliance costs are required that can reliabquantify vegetation carbon
sequestration in small areas on large numbers of farms.

o0 New strategies are required to quantify vegetation sequestration in areas that
OdzZNNBy Gfe R2y Qi FAOG 6AGKAY (GKS 9wC YSUOK2F
forestd KI & OFyQl o0S Of SFNBR F¥2NJ NB3dz I 6§2NB N
there may be other mechanisms that can enable beef supply chains to quantify and
claim the sequestration from these sources.

Market engagement:

1 The market study revealed thabnsumers have a general understanding of environmental
sustainability, however understanding of carbon neutrality in relation to the beef industry is
lower. A strong market of environmentaly2 y a OA 2dza W9l NI & | R2LIISNAQ
proportion o the public willing to pay a price premium for carbon neutral beef products. It
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was discovered that people care deeply about sustainability and are changing their
behaviours to be more ecoonscious, however carbon neutrality is not currently well
undersbod and has limited market presence. As a result, actions to deliver watertight and
consistent communication and messaging to consumers and industry are required, including
at brand level.

Supply chain engagement:

9 This project revealed that the majorityf emissions and the greatest opportunities to reduce
emissions or sequester carbon arise at the farm scale. However, engagement with customers
and consumers seeking better environmental credentials primarily happens amongst brand
owners and retailers. Impring and communicating environmental credentials requires an
integrated, wholeof-supplychain approach with high engagement with producers through
to consumers and Government. To bring transformative change, two key needs have
emerged:

o Firstly, systemwiill need to be implemented to enable transfer of information around
the carbon credentials of livestock and beef throughout the supply chain. This needs
to be done in a robust and auditable way, and cost sharing will be required across the
supply chain.

0 Secondly cost minimisation and a mechanism to fund carbon neutrality is needed
throughout the supply chain. Consumers and Government will be a critical
stakeholders to engage to build a suitable model to fund carbon neutral beef into the
future.

The abee findings highlight the need to develop an adoption program in the supply chain with a
mid to long term view (at least to 2030) to address the many and complex needs that emerge in
bringing transformational change across the whole supply chain.

Benefitsto industry

For the industry CN30 goal to be achieved, it must be put into practice in commercial supply chains at
scale. This is the first analysisitsfkind, to comprehensively assess realistic emission reduction and
carbon storage potential, while @éneasing beef production. Results were scaled to a 100,000 head
turnoff to improve relatability to other supply chains. While the results and pathways reflect WA
production conditions, these were not dissimilar to conditions in seedbtern Australia, anthe
mitigations were also generally applicable, though in some regions other options would also be
available. The study showed that concerted effort across the whole supply chain will be required to
achieve CN30. Other supply chains, including retailarger grain finishing businesses and meat
processing plants could replicate this process to understand emissions and develop meaningful
pathways to bring about change. While the context here has focused on carbon neutrality per kilogram
of product, busines net zero targets that cover only scope 1 and 2 emission sources are also
appropriate as corporate goals.
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Further research andacommendations

As a result of the identified pathways to carbon neutral, an action list was developed to paiqydty
actions for the supply chain, including actions already being taken as a part of this investigation. These
are listed in Table 2.

Table 2. Priority actions to achieve carbon neutrality by 2030 for the supply chain

Action

Timeframe

Baseline carbofootprint and establish emission reduction
and carbon storage options with suppliers and be able to
report this into market claims.

20222030. Intensive focus 2022
2024,

Provide demonstration and extension programs to
producers to enable best practice taie, including using
HRG operations.

Launch 2022. Deliver programs
from 20222030. Intensive focus
2022-2024.

Establish a costffective program for suppliers and Harvey,
Beef for carbon neutral beef.

2022-2030.

Undertake gaps analysis and create a fesakbloop to
research.

Intensive focus 2022023. Annual
feedback loop 2022030.

Implement supply chain wide enteric methane mitigation | 20232027
feedlots via supplement usage.
Implement mitigation strategies via improved herd 20222030

management in northernagions.

Develop and implement soil carbon sequestration project
at scale throughout the supply chain.

2022 onwards

Implement vegetation projects HIR and tree planting at
scale throughout the supply chain .

Pilot and demonstrate fror2022.
Implement broadly from 20226.

Implement enteric methane mitigation strategies in grazin
herd at scale throughout the supply chain via supplement

usage.

202830

Further programs are required eliver carbon neutrality by 2030. The scale 8G1and their reach

across the beef supply chain in WA provides a unique opportunity to lead a noticeable improvement

in the sustainable and profitable production of Australian beef.
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1. Background

Society wide, hiere has been increasing concern over greenhouse (G4G)emissions and their
contribution to global warming. Many companies, governments and industries are working to
establish targets andlevelop strategies to redue GHG emissionsThe Australian red meatna
livestock imlustry, supported byMeat & Livestock Australia (MLM)as set a goal for the red meat
industry to be carbon neutral by 2030 (CN3Bdividual companies are now working to determine
the emission profile for their operations and develop mplementable plans toeduce emissions and
achieve carbon neutrality within their supply chains.

Western AustraligWA) produces some5% ofAustralia’'sbeef (ABS 2020Beef production in WA is
distinctly separated into a northern herd and a southern hértle northern WA beef industry is
characterised bgxtensive pastoral stations witielatively low input productionThesesystemautilise
native or naturalised grasslda and flexible management adagtto high climate variability, where
frequent droughts limit pasture productivity and cattle performanBes indicusattle are commonly
produced in this region for the live export mark8obuthernWA is characterised bydh input systems
which aremore productive than northern WA, with higher weaning rates, growth ratesnaoik beef
producedper hectare Cattle produced in northern WA that are naldfor the live export market
must betransported great distancefor processingor for backgrounding and finishing in southern
WA before being processednlikethe Queensland beef supply chaimere large numbers of cattle
movefrom north to south for backgrounding and finishitigere are limited numbers of cattle moving
south in WA and few feedlots have been established to feed northern cattle.

Harvest Road Group (HRG) currently opesan extensive supply chain that includd®G pastoral
stations backgrounding &rainfinishing, and a meat processing pléHarvey Beeflpcated in Harvey,
approximatelyl50km south of PerttHarvey Beef is the largest beef processor in WA, mmatipally
sources cattle from southernWA and a smaller proportion of cattle from northeiWA. Cattle from
the Northern stations ae trucked south toa feeding program, then onward tblarvey Beef for
processing, making HRG one of the few vertically integrated, rsmtith beef producers in WA.

HRGhas established a goal for positive climate action within the organisadiut the wide WAbeef
industry. HRG are working towards carbon neutrality ahead of industry targets and supports the
industry to achieve thei€N30 goalTo support this goal, the present study aimsdtermine the
supply chaincarbon footprint complete a market assessment to determine community attitudes
towards carborbranding anddevelop anet emission reduction strategy.
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2. Objectives

Thespecificobjectives of tlis project are:

1 Determine the supply chain carbon footpriahd opportunitiesto develop carbon neutral
beef production

9 Identify demand driven carbon neutral produgpportunitiesviaa comprehensive research
study and stakeholder interviews

1 Theoutputs of the project will include a carbon footprint and net emissions reduction strategy
report, and a market insights report (from market research).
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3. Methodology

3.1 Projectscopeg Baseline
This project completed ealvingto meat processor gatearbon footprint (scope 1, 2 and 3 emissions)

Emission estimates were determined using the AR5 IPCC global warming potential characterisation
factors (GWPs) (Myhret al. 2013)(Table 3). Emissions are reported as carbon dioxide equivalents
(CQG-e). Thisunit is used to compare emissions from different GHGs based on their global warming
potential (GWP) over a specified period, typically 100 years (@MBreenhouse gas emissions and
carbon storage resulting from land ysdirect landuse change,and lard-use change were not
included in the assessmerdpe to difficulties in attributing these emissions to cattle compared to
other land uses such as sheep or croppmthe third-party cattle supply chainGross emissions from

the WA GHGootprint were reported for context.

Table 3. Global warming potential (GW{) values relative to C&XMyhre et al. 2013)

Greenhouse Gas Chemical Formula  Fifth Assessment Report (AR5)

Carbon Dioxide CcQ 1
Methane CH 28
Nitrous Oxide N.O 265

The production system included catflom across a varied supply chain that wemecessed at the
Harvey Beef abattoifTo improve the interpretation of these results in relation to other supply chains
the resultsscaled to 100,000 headf cattle turned off annuallyHarvey Beef purchasea small
proportion of steers from the dairy industry. For the purposes of this study, the emissions from these
cattle were assumed to be equivalent to emissions frdra beef herd supply chain, which was a
conservative assumption. Further detail around the emissions from this segment of the supply chain
may be investigated at a later point. A general description of the supply chain is providigdiia 5
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Figure 5. Harvest Road Group cattle supply chain

Third-Party Cattle
Breeding
Backgrounding
Finishing
Saleyard Cattle

HRG Pastoral
Stations

Soil processes and
emissions

Energy (electricity,
diesel, petrol etc.)

'
i
' i
H '
! Fertiliser H
' i
i | Transport, services | !
.

'

,,,,,,,,,,,,,,,,,,,,

Third-party
_— Backgrounding
HRG Backgrounding

I Supplementary Feed |

i Production Fe=———— Third-Party Feedlot
(Grain & Hay) : ' Finished & Custom

"""""""""" 1 Fed HRG Cattle

H Harvey Beef
Energy (electricity, | ! (Meat Processing)
diesel, petrol etc.)

Minor purchased
inputs

i

'

! 1
: :

i | Transport, services !

'

,,,,,,,,,,,,,,,,,,,,

For reporting emissionistensity, reference unitavere usedthat aligned with different stages of the
supply chain. Fdoeef production emissionat farm scaleimpactswere reportedin kg C@e kg LW
purchased by Harveseef. For meat produced at the processing plantpacts were reporteger kg
CQ-e kg boxed be€f For comparison with benchmarking data, impacts from meat processing (not
including upstream beef production) were also reporfeet kg CGQ-e kg HSCW

3.2Inventory data- third party cattle suppliers

The majority of cattle processed at Hanksef are sourced from thirgharty cattle producers. Cattle

may be directly purchased from cattle producers or saleyards. To determine emissiepatially
defined herd inventory for the Harvey Beef supply chain was developed utilising the Harvey Beef
processingdata, the ABARES survey data and livestock productivity parameters collected from
producer focus groups and literature sources to enable a full cattle herd profile to be established.

Herddata sourced from Harvey Beef

Processor data were categors®y class, sex, feeding type (grain vs grass) and breeder region. Live
weight foreach cattle claswas determined from fat depthcarcase weight and s@deat & Livestock
Australia 2017). Cattlerocessingage was determined from carcase characteristied the difference
betweenprocessinglate and the estimated mean calving date for each region.

ABARE®erd andfarm serviceglata

. lw9{ NBIAZ2YyLE REFEGF FT2NJ al! ff e StlisedpirRigallydtdNR S a
structure the supply regions and provide key input data on herd structure and purchased inputs.
Western Australia's ABARES regions are divided into the Central and South Wheatbelt (521), North
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and East Wheatbelt (522), Pilbaaad the Central Pastoral (512), South West Coastal (531) and the
Kimberley (511) (Figure 6).

Data were sourced from the most recemio-yearperiod available in the ABARES datasberewere

no data available for North and East Whiegit, so for simplici the Central and South Wheat and the
North and East Wheatbelt ABARES regions were combined. From here on, these two regions are
referred to as the Wheatbelt.

Figure 6. Map of Western Australia showing ABARES regions

Pastoral zone
. Wheat-sheep zone
- High rainfall zone

Key production parameters used from ABARE®irstructingthe HRGNVA herd production model
included weaning percentage, bull inclusion rate and mortality.

All farm purchase data were also sourced from ABARES. Within the ABARES d&taseig sub
systems were subdividednd hputs associated with crop production and sheep wexeluded. Input
data were scaled to the appropriate herd size for the HarBegf supply based owlry sheep
equivalent DSE units Key data parameters include farm fuel use, feed inputs, fertiliser, services,
transport of farm inputsand cattle transporthroughout the supply chain

Cattle processed at Harvey Beef were scaled to reflect a 100,@@Dtheoughput and included cattle
from across the statdt was recognised that the herd supplying cattle to Harvey Beef isampletely
reflective of the actual herd in each of ttetate regions, which would in practice supply cattle to
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multiple meat pocessing plants andhe live export market In particular, the herd providing
processingcattle from the Pilbara and Kimberley are likely to be atypical of these regions, because
Y2ad @e2dzy3 OFGGftS Ay (GKSAS NBIA2y A | NBodelgf R 2
herd. Further workis requiredto comprehensivelyjunderstand theprofile andthe emissions from

these herds if they were to be reflective of the region, rather than HRG supply only.

Table 4. Cattle production parameters of graisished beef and graitfinished beef from Harvey
Beefabattoir across the WA ABARES regions

Grass Finished Grain- Finished
Pilbara .
Pilbara
Key Production and the South Kimberle | Wheatbel and the South Kimberle
Wheatbelt Central West West

Parameters y* t Central y*

Pastoral Coastal . Coastal

. Pastoral

Weaning per cent (%) 87% 69% 92% 61% 87% 69% 92% 61%
Breeder culling rate (%) 14% 20% 14% 20% 14% 20% 14% 20%
Mortality rate (%) 1.8% 4.6% 1.3% 4.1% 1.8% 4.6% 1.3% 4.1%
Weaning age (days) 213 213 213 213 213 213 213 213
Heifer lifetime ADG 08 05 09 04 0.9 0.7 11 05
(kg/day) ' ’ ’ ' ' ' ’ ’
Steerifetime ADG (kg/day) 1.0 0.7 0.9 0.5 1.0 0.8 1.3 0.7

* Herd production parameters in these regions were based on relatively smaller numbmacetsingattle
and are unlikely to be fully reflective of production in these regions.

Harvest Road Groupustomfed cattle data

Data from the custom fed feeding prograneve analysedo provide mean days on fed®OF)n the

feeding facility to model thegrainfinished herd The mean finished weights from the custom fed

cattle was substantially higher than the mean finiskeglght of grainfinished cattle from the Harvey

Beefabattoir data.¢ KA &4 a4dz33SaiGSR GKI(G AZXFADKEROSAPOL &RIR
were supplemented or paddock finished on grain, rather than in dedicated feedlots. Considering this,
"grainfinished' in this study is not fully comparable to commerciaHed cattle and thisieeds to be

considered when irdrpreting the result@and comparing with literature values.

3.3Inventory data

3.3.1 Production Data

Detailed production data, livestock inventories, and input data such as purchased feed, fertiliser, fuel
and service$or the HRGoperationwere combined and anadgd as a single herdey metrics such as
breeding cattle and processing cattle weights were utilised, as recommended in the Emissions
Reduction Fund (ERF) Beef Cattle Herd Management (BHM) methede livestock were purchased,
livestock related emissianprior to entering the system were considered {fiaem emissions (i.e.

scope 3) and were determined using the relevant herd parameters from the ABARES dataset combined
with the Harvey Beef data. A two year baseline period was selected (FY 2019 & Fi 2didyise
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fluctuations caused by annual changes in herd management and seasonal vayiatiarh can have
a large influence on livestock production, livestock movements, performance and emissions intensity.

Services emissions from grain finishing faesiwere allocated to the herd based on head throughput
for the period of available dat&attle performance and feedlot inputs were estimated based on data
from Wiedemann et al. (2017) and Wiedemann & Longworth (2021).

3.3.2 Meat processing plantiata

Meat processing impacts were determined through inventory data for the meat processing plant,
including energy use, waste stream processes and production data per unit of output. A meat
processing plant model was utilised to determine the emissions impectsnit of beef. This included
determining the allocations to other products at point of processing such as hides, edible offal and
rendering products in addition to boxed beef. An estimated dressing percentage was determined
based on the proportion ofattle from different classes and standard industry dressing percentage
estimates (Meat & Livestock Australia, 2017).

The general approach to modelling the flow of products, and impacts from meat processing, was
described in Wiedemann & Yan (2014).

3.4 Handling co-production

Within a typical beef supply chain, various products are ofteproaluced on the same farm, such as
beef, sheep and cereals. Inputs associated with cropping were first deducted based on the area of
crop land sown annually, with remainingputs associated with sheep and cattle then divided based

on the stocking rate of each, expressed per D@&nure nutrients from the grazing herd were
assumed to return directly to pasture and were therefore considered a biological feedback loop
without the need for allocation. Feedlot manure was treated as residuals, following guidance for the
environmental performance of large ruminant supply chains (FAO 2016). Within the cattle production
system, there was no differentiation between live weight from ggucattle or from cull breeding
animals.

During meat processing, meat, edible offal, tallow, raw hides, blood products and blood meal are co
generated. All edible outputs (i.e. boxed beef and edible offal) was treated as an equivalent product,
resulting h no need for allocation between these products. Allocation between meat and other co
productsat the point of meat processing was handled using economic allocation (FAO 2016).

3.5Greenhouse gas (GH@}timation

GHGemissions were modelled by region for livestock (enteric methane and manure emissions) and
for purchased inputs (fuel, electricity, feed, purchased cattle etc.) throughout the supply chain. This
study conducted livestock GHG emission modelling accordififetcycle assessment (LCA) practices
published in the peereviewed literature for feedlots (Wiedemann et al. 2017) and grazing systems
(Wiedemann, McGahan, Murphy, and Yan 2015). The methodsnareinconsistentwith the
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international guidance for congatting livestock LCA (FAO 2016). Feed intake, enteric methane and
manure emissions were determined using methods consistent with the NIR (Commonwealth of
Australia 2021jor the baseline assessmenhventory data related to dietary crude protein addy
matter digestibility, used in estimation of manure emissions, used regional assumptions from the NIR
With respect to feedlot enteric methane, the NIR uses the method of Moe & Tyrell (1973) which was
developed for dairy cattle in the USA. This methed Inot been validated with Australian research,
and has resulted in higher emission estimates than Australian studies (McGinn et al. 2008; de Almeida
et al. 2021) This method was used in the baseline assessment. Howewesidering the goal of the
presen study was to determine emissions out to 2030, an updated factor was used to better reflect
likely emissions from feedlots. The factor of 13.6 g &t kg DMI from IPCC 2019 (Gavrilova et al.
2019)was applied.

3.5.1 Methane Accounting

It is important to noe that changes to IPCC GWP100 values, including methane, have occurred
historically,and are expected to occun the future as the science improveskewise, thereare
potential alternative methods to model and quantify the impact of methabDebate is agoing
regarding the GWP100 approach, with concern expressed from some proponents that this approach
overstates the effect of methane emissions from stable herds of livestock. Alternative methods such
as the GWP* have been proposed, anahay be possibléo re-cast emission reduction strategies with
0KSaS Tt dSNYIFGADBS | LIINRIFOKSa Ay GKS TFdzidzZNBzX &KA
carbon neutral. One central problem is that these alternative approaches typically compare emissions
to a 20year historic baseline, which is a very different basis to most annual carbon accounting. They
are also sensitive to changes in total methane, with increased methane emissions resulting in grossly
higher reportable warming impacts. This is challenging rfdividual enterprises or supply chains
because expansion plans may lead to higher emissions of methane at least over short term horizons.

The present report uses the accepted rules of carbon accounting enshrined in global accounting
requirements. Howevemvercoming limitations around methane accounting at the supply chain and
enterprise level should be an industry priority and as this project moves to the next stage, reviewing
methane accounting constructs and targets should be an ongoing consideration.

3.6 Datalimitations

The study relied on data froseveraldifferent datasets to construct the herd model from whiGiG
predictionswere made. A degree of caution should be applied in interpreting the results. The process
of calibrating the modefo deliver known output, in terms of the total volume of cattle processed at
Harvey Beef and the characteristics of the cattle processesuredproductivity was not grossly over

or underpredicted but the method used to predithe size of the breeding herd producipgpcessing
cattle, andthe age atprocessingcontained a degree of uncertaintioreover, the method applied

did notallow reasmable estimate ofhe structure of herds thahad a large number of salés other
markets such as live exporfor this reason, the results for the northern regions (Pilbara and the
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Kimberley) were less reliahléhough these also contributed a much srealproportion of the cattle
and were therefore less influential in the model

Some activity data,methods and emission factors used in tRational Inventory Report (NIR)ay
currently under or overestimate emissions from some sourc@se Moe andTyrell (1979)method,

used in the NIRor calculating enteric methania feedlot cattle does notaccount fordietary oilwhich

is commonly fed and is known to reduce enteric methane. Alternative methods for predicting feedlot
enteric methane such as th®CC indicate lower emissiotign predicted using Moe & Tyrell and
Australian research has also shown emissions to be lower from feedlot caittfieF Australian
research is underwatp establish better prediction methods for Australian feedlot cattle.

3.7 Carbon neutrabpathways
3.7.1 Screening of emission mitigation and sequestration options

A screening assessment of potential options to redneeemissions was conducted. This screening
exercise wasonducted forthe supply chain to achieve carbon neutrality2830.

The options were prioritised towards those with the greatest potential to redoeeemissions in the
shortterm and at scaleThe screening criteria were as follows:

9 emission source targeted

technical mitigation potential and viability
economic vability

productivity and cebenefits

Emission Reduction Fund (ERF) potential
availability and timelines for implementation
further research and development required.

= =4 =4 4 -4 4

Thenet emissions reductiomptionswere segmented by grazing, feedlot, energgilsequestration
and vegetation sequestration.

Vegetation sequestration options were limited to ERF methods within the scope of this study. This is
potentially a limiting factor, as ERF methods are limitescimpe While further opportunities exist to

store carbon in agricultural landscapes, it is difficult to formally account for these impacts in the
marketplacewithout an offset method or equivalent, robust method. Further research is needed in

this space ¢ expand the options available for industry to store carbon, particularly in ways that
complement rather than competwith production goals. Methods and systems are also needed that

enable smaller producers toffset emissions at reasonable cost for coraptie, and this is a key,
2y3A2Ay3 ySSRo Ly GKA&a O2yGSEGT GKS GSNY WwiayasSiai
sequestration within the boundaries of their business, to offset business emissions. While these needs

are important for implematation, they were beyond the scope of the project to address.

The screening outcomes are displayed in the results section of this report.
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3.7.2 Pathways to carbon neutral: supply chain

Future production and emissions pathways were developed through to &i3the supply chain.
Emissions and production modelling was undertaken to estimate the potenitabmes of various
activities.Considerations were given to the scale and diversity of the supply dw@iss avide area
of Western Australia,

Three pattways weredeveloped for the supply chaito 203Q The incorporation of production
increasesresulted y I a. ! ! ¢ LI ( Kedibsins foRED.Ahepath @esttilisad3 Rtep
approach to determine the potential emission reductions to be expefi@uh certain activities.

3.8 Carbon neutral market research

A comprehensive research study was undertakemNbture Pty Ltd and The Lab Insight and Strategy
Pty Ltdto understand key insights and opportunities to inform future carbon neutral product
development fotthe beef industry The research was undertaken through a combination of qualitative
and quantitative research across the supply chain, with a focus on the @milmer for domestic
markets. Stakeholder interviews were utilised to identify opportunities, barriers and retjaieas of
focus to enable carbon neutral product delivery.

In the qualitative study, interviews were conducted with five experts and five temsumers. The
experts were consulted on matters surrounding benefits of carbon neutrality, certification and
accreditation, thought leadership and education, brand approach, consumer power and role, and
process and communications. The lead consumersewasnsulted on their attitudes towards
sustainability, carbon neutrality, food consumption, carbmgutral (CN) brands and CN beef. In the
gquantitative study, an online survey was conducted targeting consumers agegit, 1&ith 2000
respondents from the stas of WA, NSW, VIC, and QLD, and an additional 2000 respondents from
WA.A summary of the findingsincluded in this report.

Page23of 54



P.PSH.1258 Carbon footprint and reduction optiafor Harvest Road Group operatianBublic Report

4. Resultsand Discussion

4.1 Supply chairbaselinecarbon footprint
Emission intensity; pre-processing

The mearGHGemissionintensity for the Harvey Beef supply chaine-processingvas12.1 kg CQ-e
kg LW purchased by Harvey Beef, inclusive of grass finished and grain finished Eattlsions
intensity differed between feeding typdhemean GH@missionintensityfor grassfinished beef was
13.3kg C@e kg LW, with a range ofl1.8to 20.7kg CQ-e kg LW depending on the source region
(Figure 7)The highest impacts arose from tRébara and the Central Pastoragion, butit isunlikely
that theseresultsaccurately represent the generptoductionin that regiondueto large numbers of
other sales outside the Harvey Beef supply ch@immsequentlythese results should beewedwith
caution

Mean GH@missionintensity for grairfinished beef wad0.7 kg CG-e kg LW or 20% lower than the
mean emission intensity ofjrassfinished cattle, principally because lifetime ADG gumdcessing
weight were higher than the gradmished cattle The GHGmission intensity in gra#finished cattle
ranged from10.0to 16.4kg CQ@e kg LW, and was primarily influenced by the region where the
feeder cattle were sourced frongsee Figure 7)When analysed separately, the mean emission
intensity of feeder caté prior to feedlot entry was fountb be 14.1kg CG-e kg LW, which was
higher than the comparative emission intensity of grfieshed cattleat 13.3kg CG-e kg LW.

Figure 7. Greenhouse gas emission intengkyg CG-e per kg of LW soldpr grassfinished beef
(hatchedbars) and grairfinished beef penbars) across the WA ABARB®ederregions;
Wheatbelt, Pilbara and the Central Pastor&@outh West Coastaind the Kimberley.

22.0 A~

20.0 A A Grass-finished

£
z 18.0
z * OGrain-finished
£ = 16.0 A
c 3
O T 140 A
n
‘S T 12.0 1
£ g
n @ -
& C")\‘ 10.0
@O 8.0 A1
S
22X 60 -
=
g 40 -
[G] 20 -
Wheatbelt Pilbara and the South West The Kimberley
Central Pastoral Coastal

Western Australia ABARES Regions
*
Results for thePilbara and the Cedral Pastoral and th&imberleywere not representative of a stable herd due
to large numbers of other salesitside the Harvey Beef supply chalihese resultshould beinterpreted with
caution.
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The emission profile was dominated by entariethane (av81%) followed by nitrous oxide (al0%)
and carbon dioxide (a®%)(Figure 8) Emissions from gradmished cattleand grainfinished cattle
prior to feedlot entrydominated the emission profile. For example, on average, enteric methame fro
grassfinished cattleand grainfinished cattle prior to feedlot entrgontributed 78% of emissiongrior

to processing whilst enteric methane from graifinished cattlewhile cattle were beindinished
contributed 3% ofemissions

Figure 8. Contributio analysis by gas (carbon dioxide, nitrous oxide and enteric methane) for
grassfinished beef and grairfinished beef across the WA ABARES breeder regions; Wheatbelt,
Pilbara and the Central Pastoral, South West Coastal and the Kimberley.
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Themean GHG emission intensity of the HRG WA beef supply chairl&gl@G-e kg LW was 13%
lower than the national value reported for the processing herd for the year 2015 (13.8:kg K@ W
1, updated with the most recent GWigvalues) reported by Védemann et al. (2019).

In this present study the GHG emission intensigsmost influenced by production region, finishing
system type (grassor grainfinished) and herd productivity characteristics. Regional contrasts were
key drivers of herd productity performance (i.e. lifetime ADG, weaning percentage, mature cow
weight, mortality and crude protein intake) and resulted in differences in emission intensity. Emission
intensities were lower for the South West Coastal and the Wheatbelt due to higheninga
percentages and growth rates in these regions, even though these regions have high supplementary
feed and fertiliser inputs. Emission intensity from cattle supplied from the Pilbara and the Kimberley
were higher than the southern regions. These resutere principally driven by the lower herd
productivity (weaning rate and growth rate) in these regions compared to the south.

In this present study, graifinished cattle had 20% lower emission intensity than grafsished
cattle, which is similar tthe difference found between grain and grass finishing in previous studies
by Wiedemanret al. (2017). The mean graiiimished emission intensity of 10kg CG-e kg LW in

this present studyassimilar to the graidfinished emission intensity reporteir eastern Australia
(9.9 kg CGe kg LW for shortfed export market updated with the most recent GWPvalues
(Wiedemanret al.2017) and the updatedl,O feed pad emission factor (Wiedemann and Longworth
2020; Commonwealth of Australia 202The lower emission intensity for grafimished beef is

associated with a higher feed conversion ratio of cattle during ¢ffaishing compared to grass
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finishing, faster growth rates and consequently reduced age at processing, resulting in loweelifetim
enteric methane and manure emission¥iedemannet al. 2017). Although there are higher energy
inputs required to produce, transport and mill the feed inputs, the reduction in enteric methane more
than compensates for this increase (Wiedematmal.2017).

The cowecalf herd prior to feedlot entry contributed up to 88% of emissions for the feedlot supply
chain (Wiedemanrt al. 2017) which was similar to the results heWhile feedlots cannot directly
influence emissions préeedlot, they may source mer efficient feeder cattle to lower overall
emissions. For example, most feedlots have specifications for around age at entry, and younger,
heavier cattle will contribute to lower emission intensities for finished cattle. Cattle from higher
productivity heds (higher weaning rates) will also produce lower emission intensity cattle. Conversely,
the greatest impact from graifinishing comes by graifinishing cattle from poorer performing
regions, where it is difficult to finish processing cattle in less Bdnyears. This was shown in the
present analysis, where the difference in emission intensity for gmished and grasfinished cattle

from the Pilbara was greater than the difference in the southern regions. These results suggest if a
north to southsupply chain was to operate with feedlot finishing in southern WA, this is likely to result
in an emission intensity reduction of&10% for cattle sourced from the Pilbara or Kimberley. This
would result in similar supply chain dynamics that operate ftbw® Northern Territory and north
Queensland breeding operations, where cattle are moved to backgrounding operations in central
Queensland before being finished in feedlots in see#st Queensland.

In the present studyt wasfound that the age and weighif feedlot finished cattle was higher than
grassfinished cattle. While highdinished weights in feedlotare typical in Australia, the higher age
was unexpected because grdinished cattle typically reagbrocessingveight at much younger ages
than the equivalent cattle on grass. One possible reason for this was that som€figistired cattle
may be poorer performing cattle that do not finish poocessingveight during spring and are then
held over into summer and autumn when they are finished ocamrgfeedquality diminishes over
summer in southern WAgndthis is likely to result in low growth rates prior to these cattle entering a
feedlot program. This was indicated by the estimated feeder cattle age and weight. Feeder cattle were
older but ligher (lower lifetime ADG) than equivalent grdssshed cattle, resulting in modest, 6%
higheremission intensity than gragmished cattle. One possible reason for this may be that these
cattle grow at a slower rate while backgrounding over summer artdran prior to feedlot entry.
However, by graidinishing these cattle, they can be turned off well before the next winter/spring
when conditions would be suitable for grafssishing. Considering this, grafimishing may be
disproportionately improving @formance (i.e. reducing emissions intensity and total emissions)
compared to if these cattle were graBaished.

The mean emission intensity of the grded WA beef supply chain was found to be similar to beef
produced in NSW and QLD (Wiedemann, MaBaMurphy, and Yan 2015) after updating the latter
with the most recent GWi, values. This outcome was driven by competing influences: in southern
WA herd productivity was greater, but manure emissions and emissions from purchased inputs were
also higherresulting in similar emissions to NSW and QLD. Additionally, impacts from the Pilbara were
higher, though confidence in these results was limited in the present analysis because of the small
sample size and analysis of only part of the herd.
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Studies ha® previously demonstrated the relationship between herd productivity factors and
methane emissions intensity for beef cattle (Hunter and Niethe 2009), and more recently it was shown
that the full emission profile could largely be explained by herd proditgtifactors; weaning
percentage, ADG and crude protein in grfisshed beef in eastern Australia (Wiedemann, McGahan,
Murphy, and Yan 2015). Additionally, heavier cows require higher maintenance feed requirements
and consequently generate higher entenethane and manure emissions. Diet crude protein was
higher in the southern WA regions compared to Queensland and NSW, resulting in higher nitrous oxide
emissions in the present study. Additionally, the QLD and NSW supply chains had very low levels of
nitrogen available for leaching and runoff (fracWET) resulting in lower indirect nitrous oxide emissions.

Western Australian land use change

The present study didot include emissions and sequestration from soil or vegetation sources in the
carbon footprint, because of the lack of farsnale data available to quantify this. At the farm scale,
emissions or sequestration from grassland, cropland and associateglaatng areas can result in

widely varying levels of emissions or sequestration. Most previous carbon footprint research in
Australia has assumed no change in soil carbon in grazing land, and vegetation soil carbon change has
been shown to contribute emisons from land clearing in some parts of Australia (Hehgl.2015),

though emissions have decreased dramatically. At the national scale, soil and vegetation are now
understood to be a net source of carbon sequestration (a negative emission) for gigénoleistry
(Wiedemann et al. 2019) but such an analysis has not been completed for WA at the state level.

To gain insight into the potential carbon sequestration, the National Inventory data for Western
Australia was reviewed, which revealed emissions.dfMt CG-e for grasslands an€.9 Mt CG-e
(sequestration) for cropland (AGEIS 2020). Forest land8&a#t CG-e (sequestration) (AGEIS 2020).
Attribution of these emissions and sequestration sources is difficult: emissions from grassland may be
attributable to cattle and sheep and possibly other industries or sectors, depending on the
distribution. Nonethe-less, it is a potential emission source. Emissions from cropland are more easily
attributed to grain production, and small amounts of this sesfu&tion may be attributed to livestock

via grain use in feedlots, for example. It may also be found that pasture/crop rotations contribute to
sequestration in cropland, and that some of this sequestration is attributable to the pasture phase
and thereforeto livestock production. Lastly, forest land was a large sequestration source, potentially
large enough to offset all emissions from livestock in WA, but the vast majority of this is expected to
be associated with commercial forests, not farm forestryr #as reason, it is likely to be nen
attributable to livestock, but noting the very large source of sequestration that this represents, further
investigation into the degree of farforestry contributing to this emission rate would be warranted.

One soure of carbon sequestration that may be uneepresented in the National Inventory is-on

farm tree planting. WA southern grazing regions have been strong advocates of tree planting,
primarily to address salinity problems. This has resulted in carbon segtiest but the scale of
assessment used by the National Inventory most likely does not identify these small tree planting
areas. The current contribution of these sources to the carbon balance of a farm is poorly understood.
Wiedemann et al. (2016) founthat shelter belts on a WA sheep farm may sequester carbon
equivalent to around 2% of the emissions from sheep, when annualised over-gedf@imescale.

This would be a morappreciable 6% if annualised over a shorter time period (30 years) that more
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closely aligned to the active growing period of the trees. Anecdotal evidence from farmer case study
workshops conducted by DPIRD anigrity Ag andEnvironmentin 2020 suggested some farms may
have planted up to 10% of land area to trees, and that morepial existed. This would most likely
result in much more significant levels of carbon sequestration, approachirig0%0 of livestock
emissions. Considering the magnitude of these emission and sequestration sources, further research
is warranted to undetsind their contribution to the current carbon footprint of beef, and their
potential to contribute to carbon neutrality.

Emissiorintensity ¢ meat processinggate

After accounting for meat processing, thél supply chain emission intensity up to the miin which
beef is ready fotransport from the meat processimgantwas27.4 kg CG-e kgboxed beet. Of this,
2.8% of emissionwerefrom meat processinglhe large increase in emission intensity fribreweight
to boxed beef is caused Inyass losses during processingdpich resulted in emissions being attributed
to much less product mass after processing than at the farm gate.

For benchmarking hie emission intensity associated with meat procesgprgcessingmpacts only,
not including upstream beef productiomjas found to be 0.59 kg G® kg HSCW

Greenhouseajas emissionintensity ¢ boxedbeef

The reported emission intensity for the supply chain, including meat processin@,Addgy CG-e kg
boxed beef, which was above the range of previously published values for beef in eastern Australia
of 24.4 to 26.2kg CQ-e kg boxed beef (updated with the most recent GW{B values and with
transport emissions to the USA remoyeeported in WiedemannMcGahan, Murphy, Yaet al.
(2015).This range was reported for grafimished and grasfinished cattle respectively. The allocation
method in the present study treated all edible output (i.e. boxed beef and edible offal) as part of the
primary productfor the purposes of allocation, following the recommendations from LEAP (FAO
2016). An economic allocation was applied for the remainingproducts. The same allocation
method was used in Wiedemann, McGahan, Murphy, ¥al.(2015)and hence this doesot explain

the difference in impactsThe lower impacts reported in Wiedemann, McGahan, Murphy,ex ah.
(2015)is explained by a higher dressing percent compared tenangie industry guidelines. According

to the Meat and Livestock Australia Cattle dssment Manual (2017), typical dressing percentages
have a large range depending on class and P8 (mm) fat measurements. These include a reportable
range of 4858% for heavy steers, 8% for young cattle, and 456% for cows over 250kgs. The
dressing perent used in this study was within these guideline ranges.

Meat processing contributed <3% of GHG emissions to total impacts from meat production. The
emission intensity for the meat processing plant was similar to the range in benchmark data for the
red meat industry of between 1 and 5% (Ridoett al. 2015).The industry average for scope 1 and
scope 2 meat processing emissions was Qgli8G-e kg HSCW(Ridouttet al. 2015) However, there

was no allocation between products. The emission intensity dgscope 2 and scope 3) was 0.80

kg C@e kg HSCWin Wiedemann and Yan (2014), after the allocation of emissions to pradliots
Harvey Beef abattoir meat processing emission impacts were on par with this study.
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4.2 Net emission reduction options

Overall, 53 options to reduce emissions or sequester carbon were screened. These are described in
the next sections.

4.2.1 Screening of enssion mitigation options

The outcomes ofhe emissionreduction screening assessment are displayeddhle 5, Table &nd
Table 7 Atotal of 10 options focused ommissiongeductionin a grazing systemmre shown inTable
5, 20 optionsto reduceemissiams at feedlot facilitiesare shown iriTable 6, and 8 options to reduce
energy and waste across the supply chain are showrabie 7

Options screened out were done so where multiple barriers to implementation were identified and
there was no clear plan for these to be overcome in the nektygars. However, this assessment
reflects a point in time and should be periodically revisiteddentify new options and rassess

options that have been screened out here, particularly if further R&D is done to overcome the
barriers to adoption. As an example, Leucaena is currently screened out despite its strong mitigation
and productivity potenial, because there are regulatory restrictions on planting this in WA.

However, if sterile Leucaena species can be developed this barrier would be overcome and it could
be reintroduced into the plan.
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Table 5. Screenedptions for emission mitigation in a grazing context, organised by emission source targeted and implementation timeline. H1 = horizon
1 (02 years); H2 = horizon 2 {8years); H3 = horizon 38 years)

Green = strong performance/opportunity, yellow = poterggbortunity but some current limitations, red = critical challenges, low practical performance or unavailability

Emission
Strategyq Grazing source
targeted
Improved weaning&
growth rates, reduced All
mortality
Improved ResidualFeed Al
Intake (RFI)
Asparagopsis ST
paragop Methane
Enteric
Bovaer (3NOP) Methane
. . Enteric
Dietary Fat/Oils Methane
) Enteric
Nitrate Methane
Enteric
Desmanthus Methane

Technical
mitigation
potential
& viability

Economically
viable

Productivity
benefits

ERF
Potential

Available for
implementation

R&D required

Screened supply
chain (CN30)

Other considerations

Potential to improve
emissions intensity throug
increased product output.

Potential to reduce
methane emissions &
emission intensity.

High potential however
unknowns on mitigation H3
and distribution for grazing

High potential however
unknowns on mitigation H3
and distribution for grazing|

Limit to a maximum of 7%
of dietary intake.
Challenging to distribute in|
grazing.

Risk of nitrate toxicity.
Nitrate use is expensive
and ineffective due to

regulation.

Subtropical species may
not be suited to regions
outside the Kimberleg.
Mitigation potential
variable.
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Mitigation potential limited
by the percentage of
Leucaena Enteric Leucaena in the sward,_ an
Methane the amount of grazing tim
that animals can spend o
Leucaena.
" Enteric Drought, frost and grazing
Elmeeiie Methane tolerant
Option for backgrounding
. Enteric in southern WA. Potential
Forage Brassicas . .
Methane negative effects on animal
health.

Table 6. Screenedptions for emission mitigation in a feedlot context, organised by emission source targeted and implementdtioaline. H1 =
horizon 1 (02 years); H2 = horizon 2{8years); H3 = horizon 3{B years)

Green = strong performant@pportunity, yellow = potential opportunity but some current limitatiomed = critical challenges, low practical performance or uiabgity

Technical Screened
Strategyc Emission source| mitigation Economically - ] ERF Available for . . . supply
Feedlot targeted potential & viable FIEEUIEDL) DETES Potential | implementation READ) (e e il GRSt SRS chain
viability (CN30)
Dietary . Limit to a maximum
Fat/Oils St e 7% of dietary intake
Bovaer (3 . .
NOP) Enteric Methane Nil
Asparagopsis| Enteric Methane Nil H3
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More information on

High
concentrate | Enteric Methane safgty and cost
) effectiveness would
diets .
be beneficial
Nitrates Enteric Methane Risk O.f n itrate
toxicity.
Commonly used.
lonophores | Enteric Methane Mitigation results
have been variable
May have some
L potential but efficacy
Bacteriocins n ¢
EntericMethane & rumen adaptation
& Acetogens
needs to be
confirmed
Displaygotential,

and mitigation results

Probiotics Enteric Methane may be higher than
initially believed
More work needed
Vaccination | Enteric Methane on effectiveness in
Australian conditions
More work needed
Inoculants | Enteric Methane on effectiveness in
Australian conditions
. Manure Targets a small
Low protein L
; Management emission source but
(nitrogen) .
diets Systeng has benefits
Ammonia* throughout MMS
May be beneficial to
Manure . .
increase N in manur
e Management ;
Acidification Systemc for cropping. Impacts
A y " in land application
mmonia
unknown.
NI Would be high cost
Management i
Sorbers and mayincrease
Systeng .
. feed pad moisture.
Ammonia’
Could be beneficial
. Manure for wasteto-energy
Rapid B
. Management projects but
cleaning ) e
(<30 days) Systemg otherwise difficult to
Nitrogen justify theadded
cost.
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Manure
Nitrification Management
inhibitors Systeng
Nitrous oxide
Manure
Short Mgne;?:ment
duration _Systema
stockpiling Nitrous oxide,
methane &
ammonia*
Manure
Management
Cover Systeng
stockpiles Nitrous oxide,
methane &
ammonia
Manure
Management
Thermal
Systeng
energy . .
. Nitrous oxide,
(combustion,
pyrolysis) methane&
ammonia &
displaced energ
Manure
Pond cover
Management
e Systent
methane M
. Methane &
destruction .
displaced energ
Short Manure
. Management
retention
time Systeng
Methane

Expensive for the
outcome achieved
and requires another
management activity

Could be done. May
result in higher land
application emissions

Could bedone. May
result in higher land
application emissions

Combustion has
been used in the US
but requires very low
soil contamination in
scraped manure. Ha:
not been successfull

done in Australia.
Pyrolysis is high cost
generally unproven
and has the same
problems with soil
contamination.
Ponds are
constructed for
runoff control and are
difficult to
reconfigure for
methane capture.

Needs to comply

with other
environmental
regulations for
nutrient management
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Table 7. Screenedptions for emission mitigation focusing on energyased emissions, organised by emission source targeted and implementation
timeline. H1 = horizon 1 (@ years); H2 = horizon 2-years); H3 = horizon 38 years)

Green = strong performantapportunity, yellow = potential opportunity but some current limitatiqmed = critical challenges, low practical performance or unavailability

Emission
Strategycg source
Energy targeted
Solar Energy
Grazing Energy
Solar Energy
Feedlot Energy
Solar Energy
Meat Energy
Processing
Greenpower
Grazing S
Greenpower
Feedlot Energy
Greenpower
Meat Energy
Processing
Covered
Pondmeat Energy
processing
Vehicle
efficiency Energy
upgrades

Technical
mitigation
potential
& viability

Economically | Productivity ERF
viable benefits Potential

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

Available for
implementation

R&D required

Screened

supply
chain
(CN30)

Other considerations

Requires individual
location suitability
analysis from energy

contractor

Requires individual
location suitability
analysis from energy

contractor

Requires individual
location suitability
analysis from energy

contractor

May be more expensive
than other options

May be more expensive
than other options

May be more expensive
than other options

Ongoing work to
improve efficiency and
energy yield is warrante

Smaller part of emission
profile, expensive to
integrate
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4.2.2 Screening of carbon sequestration options
Soil carbon sequestration

Soilcarbon sequestratiomay be an optiorto address part or all of the residual emissions from the
supply chainThere are numerougractices which can increase soil carbon, with 9 of these screened
in Table 8.

Table 8. List of screened potential soil carbon practices that could be administered to increase soil
carbon. H1 = horizon 1 {R years); H2 = horizon 2-8years); H3 = haxbn 3 (610 years)

Screened
Soil carbon | Technical | Economic| Productivity Available for R&D Other considerations (supply
sequestration | viability viability benefits implementation? required chain CN
2030)
Prevent
wind/water
erosion
Availability of suitable clay
Claying source is challenging, limite
to specific locations
Availability of suitable lime
Liming source is challenging, limite
to specific locations
Green Limited data on carbon
manuring benefits
Expensive, hard to obtain,
Biochar can be contamination risks.
Could be a good longé¢erm
option
Perennial Requires operational
pastures management changes
Compostin Required structural
P 9 investment to make onsite
Rotational Requires operational
- management changeand
Grazing - .
extensive fencing.
Needs to be done in line
Manure . ;
. with environmental
application .
requirements

SouthernWA is characterised by sandy soils, reliable rainfall, and warm temperatures and these will
determine potential carbon sequestration, especially with a changing climate. It is estimated that it
could take over a decade to detect significant changes iniB@0uth West WA because of these
factors, as well as high spatial and temporal variability (Department of Agriculture and Food 2013).

Few studies exist on carbon sequestration from manure application to Australian soils. Redding et al.
(2015) examined nitiple studies on manure applications and found a range of 3 to 50% of carbon in
manure may be sequestered in soil after land application. Redding et al. (2015) applied cattle manure
to a range of agricultural soils in Queensland. Carbon retention ranged 30 ¢ 60% of applied
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manure carbon. However, carbon sequestration of applied manure is expected to be lower4n light
textured soils and may not always result in significant increases in sequestered carbon (Fontaine and
Barot 2005; Fontainet al.2007).

It can be expected that perennial pastures may have greater potential for C sequestration than fodder
cropping systems due to a higher root:shoot ratio stimulating higher below ground biomass.
Additionally, there is greater potential for C sequestratiorpasture systems than cereal cropping
systems, as long as pastures are grazed at appropriate stocking levels that stimulate the turnover of
aboveground shoots and beloyground roots (Sandermaet al.2010).

Due to the uncertainty in the potential soil carbon sequestration rates across different regions and
locations within WA, and the conservative potential of soil carbon sequestration in Australian sails,
further work is required to understand the opportuigs for soil carbon sequestration across the third
party supply chain. For the carbon neutral pathways in this report, it was estimated that 20% of
residual emissions could be offset by soil carbstorage. This is likely to be constrained to the
Agricultual region where rainfall is sufficient to achieve higher carbon inputs, and also because WA
pastoral regions are currently restricted from participating in ERF soil carbon projects because of
restrictions on change of land use on pastoral leases.

Soil cabon projects may show promise, however currently there are significant costs associated with
assessing soil carbon change. Current ERF soil carbon prajecvery expensive, and costs are
particularly significant when measuring small change over largasasuch as in pastoral zones. For
the beef industry, this isurrently a critical gap. Lowetost measurement will be a critical need for
assessing soil carbon change and implenmgrdoil carbon projects to offset residual emissions across
the supply chan.

Vegetation carbon sequestration

Vegetation carbon sequestration will be required to address the gap between residual emissions and
soil carbon sequestration, and meeting net zexnd carbon neutral goalsThere are numerous
vegetation projects that an be undertaken under the ERFable 9 demonstrates the ERF
methodologies that include activities to sequester carbon in vegetation.
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Table 9. List of screened ERF vegetation methods. H1 = horizoi2 y€ars); H2 = horizon 2&
years); H3 = horizon {10 years).

Native Forests from forest cover
Managed Regrowth

(2013)

. Screened
Strategy- vegetation .
. Activity I (supply
carbon sequestration Includedactivities Other comments h
ERE methods category chain CN
2030)
Humaninduced _ Reqqlres changed management
: A change in land management | practices that remove the
Regeneration of a . - : o ; -
BenTanent Everiged Re (e.g. a change in grazing identified suppression activity, H2-H3
. establishment| management; cessation of regulg allowing the attainment of forest
Native Forest (2013) . .
of native clearing; control of feral browsers| cover

that facilitates the natural
regeneration of forest covéfrom
an initial nonforest state.

Has restrictions on grazing. Likely
to beverylittle land available in
WA that is suitable.

Reforestation by
Environmental or
Mallee Plantings

FullCAM (2014) Planting of

new forests

Reforestation and
Afforestation (2015)

The establishment of forest cove
on currently norforested land, via
direct seeding and/or planting of

Requires suitable land areas to be
set aside for plantinggRkestrictions
on grazing and land usBetter in
higher rainfall and strong ¢e
growth areas.

tube stockseedlings. The method
include environmental plantings,
as well as the establishment of
commercial plantation species.

Requires field measurements,
increasa cost of management

Avoided Deforestation

(2015)
Protection of
existing
Avoided Clearing of forests

Native Regrowth
(2015)

Includes the cessation of land
clearing to facilitate forest
recovery (Avoided Clearing), and

Requires land with forest cover,
required field measurementsand
likely less available than other
methods

the protection of existing forest
cover through relinquishment of
clearing permits awarded for the
purposes of converting forest
cover to cropland or grassland
(Avoided Deforestation).

Requires existing forest cover, on
land that has been previously
cleared and could be cleared
again.

H2-H3

IForests include all vegetation with a tree height of at leasie®resand crown canopy cover of 20 per cent or more, over an
area of at least 0.2 ha

The screening assessment identifi&dRF methodsvere limited in scope to quantify and attribute
stored carbon to landholders. For example, the most popular ERF method ialksystumarnduced
Regeneration (HIR), is only applicable for land that had less than 20% canopy cover over the last 10
years, with no scope to consider forests that are degraded and have sequestration potential through
regeneration ofareas where canopgover exceeds 20% but is still well below full forest cover
International methods may support these areas where the ERF currently does not. Similarly, under
the ERF there are strict requirements excluding the quantification of sequestration in areassif fo

that cannot be cleared for regulatory reasor@her mechanisms that can enable beef supply chains

to quantify and claim the sequestration from these sourwesuld be transformational for the
industry, while better reflecting the actual carbon balamdeyrazing enterprises

Considering thisthere isthe potential forsignificant sequestratiomo be occurring on landholders
properties that is not currently able to be quantified under existing ERF methodolagies/hich is

therefore difficult to integrate into a market programNew strategies are required to quantify
vegetation sequestration ithese areas and this should be considered as an additional work area

Page37of 54



4.3 Carbon reduction pathways: supply chain
Future pathways

The thee pathwaysmodelledto 2030 ae shown inTable 10The pathways utilised a step approach
to determine the potential emission reductions to be expected from certain activities.

Table 10. Emission mitigation pathways for the supply chain

Strategy Description
Pathwayl | BAUemissionsapproach

(P1) Expected gpansion irbeefsupplybased on industry estimates
Pathway2 | Beefherd managementimprovements undertaker(herd improvement via bette
(P2) weaning rates, higher turnoff weighfaster turnoff, improved mortality.

Expansion ofjrainfeeding
Pathway3 | P2 + methane mitigating feed additives and supplements across the supply ch
(P3) different intervals (graiffeeding and grazing)

For the supply chainhe expected production increases and emissions forecasts for each pathway
through to 2030 are representeith Figure 9 top and bottom respectivelyThis includes emission
increases due texpansion of productioandbeef productivityincreaseghroughherd management
improvementsThe expected production increas@s10% which is in line witestimated projections

to expand thevalue of beebver the coming decade in alignment with general industry goals (Meat &
Livestock Australia 2020).

J e dKS NBtIFGAGS AYLI OGa 2F O NA 2dza

The three scenarioR A & L
(K& &80 t I (i FoBBI3% from thelaBelihk &8 pathivay NioRided i A 2 v

FOGA2YE LI G
a reduction ofl4.3%.
Figure 9. Top: Estimated forecgstoduction through to 2030, including beef production expansions.

Bottom: Emission mitigation pathways for the supply chain to 2030, including emission increases
from expanded production

.__.___.___.___.__H——Q——Q——.——.

Forecast beef production

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Time (year)
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1000000
Continuned increase in production - expansion of operations

900000 A

800000

700000 A
A

600000

500000

400000 A

Total emissions (t CO,-e)

300000 A Methane mitigating feed additives (grazing)

200000 A Methane mitigating feed additives (feedlot)

Gradual Beef Herd Management improvement (weaning, mortality, ADG, increased lot feeding)

100000 -

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Time (year)
—8—BAU scenario Improved BHM and lot feeding Methane mitigating feed additives

Emissions and mitigations were dominated by methaaiventhis significant role of methane within

the emissions profile of the supply chain and the challengeghieving largescale mitigation,

further consideration is warranted around applying different accounting metrics, SuGiW&2*to

assess impacisn the climate¢ KS L2 0 Sy ALt F2NJ RATFTFSNBYG | OONBRA
could potentially cause a significant shiffiimpact reporting, though establishing this method as a

credible accounting construct will require significant further reseanati development.

Mitigation and sequestration pathways te@arbon neutral

As the emission mitigation and production pathways do not achievarbon neutralemission
outcome, soil and vegetation sequestration were modelled to determine the required ractim
achieve carbon neutrality by 2030. As soil and vegetation practices and opportunities vary significantly
by region and production types, an assumption was made to split these opportunities potessial
optionsavailable across the supply chaimthiscase, 20% weaechieved by soil carbon sequestratjon
30%viaHIR, and 50%iaenvironmental plantings.
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Figure 10. Emission mitigation and sequestration pathways required to achieve net zero by
2030. A: Pathway 1. B: Pathway 2.Rathway 3.
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Sequestration rates for mixed environmental plantings across different regions of WA were utilised to

2024 2025 2026 2027 2028 2029 2030
Time (year)
Soil
Vegetation - Environmental Plantings

= === Production

determine the indicative hectares required ftire relevantportion of the emission pathway#s the
third party supply chain is extensive and across nodStVA, further work is required to determine
opportunities for vegetation carbon sequestration across supply chain propefigential land area
required is displayed in Table 11 and Figure 11.
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Table 11 Mixed environmental planting sequestration rates across different regions of WA for
different planting areas (block or belt) from FullCAM, and indicative land areas requireddxh
pathway if 100% of the requirement came from this region (i.e. land areae not additive)

Low and high sequestration ranges reflect the results for different locations within these regions,
highlighting the potentially variability across different localiti€ée indicative land required shows
the hectares required for a pizular pathway if a specific region was utilised to provide the tree
plantings. This is an approximation only for comparative purposes.

Mixed Block(t CQ- Belt (t CQ- | Midpoint | Indicative bnd required (ha) for
environmental | e.halyr? e.halyr? (t CO- plantings(50% ototal required
plantings e.halyr? | sequestration in each pathway
WA region Low High | Low | High P1 P2 P3
Central 3.7 115 | 5.6 17.6 | 10.6 32781 31033 28083
Northern 3.4 36 |52 |55 |44 78973 74762 67654
South Coast | 2.3 8 3.4 121 7.2 48262 45688 41344
Eastern 2.9 4.3 4.4 6.6 |47 73933 69990 63336

Figure 11. Indicative land required (ha) for mixed environmental plantings to achieve 50% of the
sequestration required for each pathwalgroken down by WA region

90000
80000 A
70000
60000 A
50000 -

=

o

o

o

o
]

30000
20000 A
10000 4

Area (hectares)

P1 P2 P3
Pathway
B Central m Northern South Coast Eastern

4.4 Carbon neutral market research

The study revealed that while generahderstanding of environmental sustainability is hi@@®%),
understanding otarbon neutralityis lower (52%) especially when regarding the meat industry (23%).
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Instead, consumers are usually more drawn to sustainability solutions that have confasimgy

impacts or are simpler to comprehend, such as reduced plastic packagittge artilization of

renewable energ. Specifically, when purchasing beef productd, 2 OF f f @ LINR-RHzZD3 8¢ | y |
are considered the strongest indicators of sustainability (FigureTh®y.highlights the need for further

education of the public to increase awarenesstitd purpose and role ofarbon neutralbeef in

achieving sustainability goals.

CAIdzNE mMHD® wSalLRyaSa G2 GKS [dSadAzy G¢KAYy(1Ay3a |
products, what signals to you that a beef product is environmentally sustaifia® K £

Strength of Claims in Signaling Environmentally

Sustainable (in beef products)
Extent to which Carbon Neutral signals

Locally p - I Environmentally Sustainable
Freerance N ;7 N
Grosred N 5% 2% s .

as ‘sustainaoic’ I 26 e 7 2%

15%

Has less carbon emissions

Grainfed [ NN 12%

fit's carbon neutral

m Mass population Early Adopters

If it uses clean energy

Ifit uses GreenPower [l 5%

Satementsfrom consumers were obtained to identify why they may or may not choose carbon
neutral product offerings (Figure 13). Key reasons consumers may reject carbon neutral offerings
were related mainly to price, and a lack of knowledge arocaudbon neutrality and a mistrust of
brands. Key reasons consumers may choose these offerings relate to a desire to help ¢heapldin
some understanding that the beef industry may have a high impa@missions

Figure 13. Consumestatements reflecting reasons for either rejecting or accepting carbon neutral
offerings

Reason for choosing Carbon Neutral

‘I'm concerned about the impact of my eating meat has
on the environment so if | can do something to help
offset that I'm willing to pay for it

for the low carbong’

and | don't think it makes any difference.’
b Worth that few exira cents to achieve this positive climate
scause outcome whilst also enjoying a mild luxury treat’

‘I know that the meat industry is affecting the climate/
environment in many ways and if we have a beef mince that is
emitting low carbon while being processed, | would go for it!'

.| believe they are
actually Everything seems
to be too precious these days, including the food we eat.’

‘Responsibility to care for the climate in what ever way | can
even at an extra cost’

. . . and how it ‘It is not that much more expensive at the end of the day and the
Is worth paying more for meat industry is a huge confributor to pollution, so | would appreciate
. } . anything that reduces that'

‘We have a 0.01% CO2 omission here in Australia and we
'l think climate positive beef mince is much healthier
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A major obstacle to achieving carbon neutrality is the willingness of consumers to pay for the cost
associated with greener production of food. Consumers have dmigactions towards the pricing of

carbon neutrabeef, with some suggesting thatistainable products should be competitively priced

to match that of the general marketyhile others expect a small price premium and would be open

to paying more for a graer product.However, the panel of experts warned thearly inrmarket

experience shows that while consumers nagimthey are open to paying morghere is limited

flexibility when it comes down to the actyalpecific pricingDespitethe importance ofsustainability

to most consumersthe additional cost of these products makes it difficult to choose sustainable
optonsd ! Y2y3d (KS &dzNBSe& NBaAaLRYyRSyi(dazr priado$hELINB&AS
right thing for the environment all the timenhile 26% Wil always choose the sustainalded eco
friendlyoptond ¢ KA & YI NJ SG aS3IYSyid 2F WOINIe&e ! R2ZLIGSNEQ
willing to pay 15% more for@arbon neutrabeef option, which is reduced tbin 5 consumersshen

the price premium of thearbon neutrabeef option is set at 30%. These results were consistent across

two beef products used in the survey (beef mince aoderhouse steaks).

¢KS W9l NIeé ! R2LIISNERQ { l-chBckis consuidrgerierally fepreSefitda N2 y Y S
demographic of 2§34 yeas old couples with young childreunder 15 years old) living at home
Interestingly, this group indicated that they are more likelyptochase shellfismstead of other meat

alternatives such ashickenand bacon They also indicated that they are current customers of a range

2F AdAGIAYI9E682NYRQVONNY RH

The journey to carbon neutralitsnay provide diverse benefits to HRG and indudtgwever, there
are some less obvious benefits of camboeutrality that are understood by few consumsrwhich
featuredstrondy inexpert conversationduring the qualitative study. These include:

1 More efficient operations- Operations would be smoother if products are being produced
and distributed more loddy with full oversight of the supply chain.

1 Mitigated risk - Companies reduce their exposure to problems like energy shortages or high
pricing.

The key insights discovered during the qualitative study were:

1 People care deeply abowsustainability and are changing their behaviours to be more eco
conscious

o Consumers are making concerted and conscious efforts to be more sustainable where
possible, including incorporating sustainable and carbon conscious behaviours in all
areas oflife (such as both in and outside the home).

0 This approach extends to their product search, considerations and purchases, such as:
seeking out second hand products; avoiding single use plastic bags; purchasing
products that have less packaging; buying aimstbly caught proteins; buying direct
from local markets; buying in bulk or taking their own containers; and looking out for
certification logos.

1 Carbon neutrality is notvell understood It is a new concept that has little presence in the
market

o Carbonneutrality is understood at a conceptual level, but the practicalities are hazy.
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o Consumer nderstanding is relatively consistent across topics such as what carbon
emissions are, the impact they have on the planet (in this case, raising temperature),
and neutrality meaning a reduction of carbon emissions to a point of zero

o Consumer nderstanding is limited across the detail and process, such as what carbon
2FFaASGGAY3 A4 K2g A0Qa R22aeSnddhe Kles afINE OSa &
projects being un.

0 The term is often conflated with other similar concepts, falling under the broader
umbrella of sustainability

o Personal carbon reduction is hard to quantify, but consumers are often able to see a
raft of cobenefits to actions. For example, when watkior cycling instead of driving,
there are no emissions released and there are added health benefits.

0 Some benefits are immediately identifiable, with others requiring further promoting
(as per Figure )4

f Carbon neutrality is not something that people expfrom brands or prioritise right now

0 Lead consumers are conscious about the impact of carbon products, however it is
early days for carbon neutral food and there are limited food products available on
the market for consumers to seek out or benchmaglaiast other products.

o Consumers are responsive and open to the prospect of carbon neutral food entering
GKS YINySGEZ K2¢gSOSN) [-o-KGi®ERPaAGIIIAS AlG A& Y

0 A total carbon neutral status feels like a goal that is years off from being achieved,
with consumers wanting smaller positive changes they can see right now.

T Consumers are the driving force behind sustainability actind brands are currently the
driving force behind carbon neutrality

o Consumers are increasingly looking to brandselp them live more sustainably, and
expect brands to be implementing the sustainability changes that are achievable for
them.

0 The largest onus is on businesses that deal directly with fossil fuels or are heavy
carbon emitters, including mining, energyatisport, meat and food, and fashion and
textiles.

o0 Consumers want general sustainability action, including the reduction of resource use
and waste. However, it is being driven by brands that are thinking ahead and
attempting to anticipate the future of comgY SN & LINBFSNByOSa | yFR
preferences.

1 Inthe transition to carbon neutralitycommunication and messagimgedsto be watertight
and consistent

0 Regardless of the plan of action being taken, brands and industries must be
OGN} yaLIlI NByid FyR NBFfX gAGK O2yadzyYSNE ¢4 NEB

0 Seven guiding principles for communications were identified, as displayed in Figure
15.

o Consumers have expectations lagng to packaging and product: reducing
unnecessary plastic packagingilization of vacuum packed or cardboard exterior
packagingto reduce other unnecessary packaginipe utilization of attention-
grabbingsustainability words; incorporation of a tiok carbon neutrality certification;
quickly identifiable sustainable visual cues; and location or origin.

0 Precertification, ®nsumers want to understand what is happening right now:
understanding overall brand sustainability goals; the process they adag to a
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carbon neutral position; the motivations of the brand to be acting sustainably; and a
personal story relating to the farm and/or the farming community.

o Postcertification,consumers want tadentify: visual certification evidence; practical
procedures being undertaken operationally to sustain carbon neutrality status;
tangible metrics such as the environmental before vs now in real numbers; the
positive of change to the business; changes to the product or lack thereof, such as
taste or portion stes;and accessibility of the products.

Figure 14. Consumer understanding of obvious and less obvious benefits of carbon reduction
actions

Obvious benefits Less obvious benefits

R

Be true to
your brand

Make sure it's
relevant to
your
customers
and what they
care about.

Talk in
practical,
down-to-earth
terms not lofty
metaphors or
‘marketing
talk'.

Keep it
positive

Keep it
solution
focused rather
than about the
issues.

I

T

Be
watertight

Make sure
that
everything we
say is 100%
true and able
to be proved.

External
validation
is
important

Work with
experts to
drive

credibility.

Tell your
story

Communicate
your brand
values and
really live
them.

! 1
I |
! |

I
Reduced emissions Brands that operate Perceptions of being | Operations would be Companies reduce :
means less harm to as sustainable or a brand that is | smoother if products their exposure to I
the planet and carbon neutral ethical, responsible ! are being produced problems like I
therefore reduces would have a USP and has a ! and distributed more energy shortages or i
the on flow effects. over other conscience. A : locally with full high pricing. I
competitors in the stance that | oversight of the !
market. cOnsumers can | supply chain. :
stand behind. ! I
“Obviously it's better 1 “If you own your i
for the planet, | “If you take things in own solar farms you |
whatever you do fo “It's something that “You can tell people ' house you have don't have fo worry i
reduce your footprint other brands can't you're certified and : more control over about increased |
helps” say about you'll get new \ how everything prices or anything” !
themselves” customers” | works” :
! 1
' N | l

2

Be
consistent

Maintain
consistent
messaging
across all
touchpoints.

The most promising aspect of this survey was the result that consumers would be willing to pay
premiums for carbon credentials. Provided premiums can be established, this will provide a financial
feedback loop to reward low emission beef producers andui@pase local carbon offset credits from

the supply chain.
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4.6 Supply chain engagement

The study revealed that the majority of emissions, and the greatest opportunity to reduce emissions
and sequester carbon, arise at the farm scdtmwever, the marketresearch has shown that
engagement with customers and consumers seeking improved environmental credentials primarily
occurs amongst brand owners and retailefghieving improvementén environmental credentials

such as GHG emissions requires a wioblsupply-chain approach to deliver communication and
engagement from producers through to consumarsl Government.

In bringing about changehére will be inevitable costs to productiorofn emission reduction and
carbon storagectivities.

Emerging methane mitigation strategies using feed supplements such as red Asparagopisis or Bovaer
are expected to add costs to feeding programs, though commercial costs have not yet been
establishedIt may not be possible to mitigate emissions without increasing-oégtroduction, and

the supply chain must grapple with cesttaring and potential increased prices at the retail shelf to
achieve environmental outcomes.

Inthe case of carbon storage, botfirect costs (such as the cost of tree planting) and indirect costs
such as impact on asset values may occur. The potential impact on asset values is currently very
unclear. In the case a&mallscaletree planting there may be benefits to productivity froshade or

control of other problems such as salinity or wind erosion. However, in the catagafscale
regeneration of grazing land to forest, lotgrm declines in asset value may occur because taftie

are likely to emerge between carbon sequesioatand stocking rate, leading to lower capacity for
these areas to produce beefgain, cossharing and potential increasestime price of beef must be
determined and managed for transformational change to occur.

Costs wilklso arise from compliancep implement meaningful emission estimation and potentially
carbon sequestration offsets across a large number of busingSsstsminimization and a mechanism
to fund carbon neutrality throughout the supply chawill be essential to drive uptake amongst
producers and across industry.

As previously noted, new approaches to achieving carbon sequestration in grazing landscapes, while
minimizing the risk to production capacity, are required. This needs to extend beyond the limitations
of the current suite oERF methods available. New approaches that reduce compliance burden are
also needed, and initiatives such as thevironmental Plantingsilot are beneficial.

Considering these above needs, a stdyange will be required in at least three areas to stirtmila
engagement in the producer base: simple and robust systems are needed for comphiewceobust

and effective methods are needed to expand the options for sequestration and reduce compliance
costs and costsharing models will be needed that incorpt#a broad range of stakeholders across
the supply chainin particular, onsumers and Governmentill be critical to building a sustainable
model to fund carbon neutral beef into the future.
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5. Conclusion

5.1 Key Findings

This studypresents the first large scale baselining and emission reduction plan for a beef supply chain
Ay 1 dzZaGNI £ AL X G2 TiefstSdy proided 2 Ndaraviev of tRegemiSsiRrd Prdfiles and
emission reduction opportunities of a largeale supply ciin in Western Australia, with relevance to

the broader Australian beef industry; particularly relating to current market insights and the program
of work required through research, extension and development to achieve current industry emissions
goals.

Keyfindings included:
Emissiorreduction and sequestration:

1 Beefherd management improvements, such as improved weaning and growth rates, reduced
mortality, and expansion of grain feeding are expected to achieve ongoing, incremental
improvements in the emg@ons intensity profile of the supply chain, in this case leading to an
improvement of 5.3% to overall supply chain emissions intensity. Opportunities are greatest
for the northern industry, where cattle performance is more constrained and the
opportunities for improvement are greatefThis will be necessary to reduce emissions,
particularly if the industry is to expand throughput by drawing more cattle from the north of
the state.

1 Methane mitigating feed additives have the potential to deliver significagthane emission
reductions at various points of the supply chain, such as during grain finishing. Feed additives
were assumed to provide benefits within feeding facilities from 2024 and to grazing
operations from 2027. Supply chain emissions mitigatiomffeed additives was forecast to
improve incrementally throughout the decade, achieving a 9% improvement in emissions
intensity for the supply chain by 2030rogether with beef herd managemerntpmbined
emission mitigations were forecast to be 14.3%tfoe supply chain emissions intensity by
2030.

1 Considering the central role of methane and the challenges in substantially reducing methane
in the supply chain to 2030, there would be merit in further examining what is required to
assess and potentially 2ddS RA G &2 OFftf SR a/ €t AYFGS bSdzi NI
different metrics for assessing the impact of methane.

I This study identified that carbon neutrality would require a significant amount of
sequestration in soil and vegetation. Significarfoefwill need to be invested in establishing
the practices and measurement approaches needed to achieve these outcomes and measure
the impact across the supply chain. Specifically:

o0 Lowercost measurement is a critical need for assessing soil carbon ch@ogent
ERF soil carbon projects are very expensive, and costs are greatest when measuring
small change over large areas such as in pastoral zones. This is a critical gap for the
beef industry.

0 Vegetation ERF methods are suited to large projects. ipglg chain context, many
small projects are required to quantify vegetation carbon sequestratitwsts are
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anticipated to be a barrier to widespread adoptio®ther systems with lower
compliance costs are required that can reliably quantifggetation cabon
sequestration in small areas on large numbers of farms.

o0 New strategies are required to quantify vegetation sequestration in areas that
OdzZNNBy Gfe& R2y Qi 7T A Eor eddmpl& seduesirdidh o@wring ity S (i K 2 F
T2NBad GKFG QB yWSHIES (NBIF NER a2%a OF yQi 0 ¢
there may be other mechanisms that can enable beef supply chains to quantify and
claim the sequestration from these sources.

Market engagement:

i The market study revealed that consumers have a general understanding of environmental
sustainability, however understanding of carbon neutrality in relation to the beef industry is
lower. A strong market of environmentaly 2 y a8 OA 2 dz& W9 | ddhtied,!with2alJi S NA Q
proportion of the public willing to pay a price premium for carbon neutral beef products. It
was discovered that people care deeply about sustainability and are changing their
behaviours to be more eeconscious, however carbon neutralitg not currently well
understood and has limited market presence. As a resalipns to deliver watertight and
consistentcommunication and messaging consumers and industry are required, including
at brand level.

Supply chain engagement:

9 This projetrevealed that the majority of emissions and the greatest opportunities to reduce
emissions or sequester carbon arise at the farm scale. However, engagement with customers
and consumerseeking better environmental credentigbsimarily happens amongst and
ownersand retailers. Improving and communicating environmental credentials requires an
integrated, wholeof-supplychain approach with high engagement with productimough
to consumers and GovernmeniTo bring transformative changéwo key needs hee
emerged

o Firstly, systems will need to be implemented to enable transfer of information around
the carbon credentials of livestock and beef throughout the supply cfihin.needs
to be done in a robust and auditable wand cost sharing will be regat across the
supply chain

0 Secondlycost minimisation and a mechanism to fund carbon neutrality is needed
throughout the supply chain. Consumers and Government will be critical
stakeholders to engage to build a suitable model to fund carbon neutral beef into the
future.

Theabove findingshighlight the need talevelop an adoption program in the supply chain with a mid
to long term view (at least to 2030) to address the many and complex needs that emerge in bringing
transformational change across the whole supply chain.
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6. Future research andacommendations

6.1 Action plan for supply chain to achieve carbon neutrality by 2030

The role oHRGn investigating and demonstrating opportunities to reduneg emissions and improve
productivity across WA industry will be increasingly important as indissand governments move
towards carbon neutrality. Significant researclevelopment and industry extension programs are
required to realise the potential identified here. This will be strategically important for enabling
producers to deliver a path towds industry goals through practical, implementable action on their

farms.

Recommendations are provided in Table 12 to progress from the results presented here.

Table 12 Priority actions to achieve carbon neutrality by 2030 for the supply chain

Action

Timeframe

Baseline carbon footprint and establish emission reductj
and carbon storage options with suppliers and be able t
report this into market claims.

20222030. Intensive focus 2022
2024.

Provide demonstration and extension programs to
producers to enable best practice uptake, including usin
HRG operations.

Launch 2022. Deliver programs frot
20222030. Intensive focus 2022
2024.

Establish a costffective program for suppliers and Harve
Beef for carbon neutral beef.

20222030.

Undertake gaps analysis and create a feedback loop to
research.

Intensive focus 2022023. Annual
feedback loop 2022030.

Implement supply chain wide enteric methane mitigatior]
in feedlots via supplement usage.

20232027

Implement mitigation strategies via pnoved herd
management in northern regions.

20222030

Develop and implement soil carbon sequestration proje(
at scale throughout the supply chain.

2022 onwards

Implement vegetation projects HIR and tree planting at
scale throughout the supply chain.

Pilot and demonstrate from 2022.
Implement broadly from 20226.

Implement enteric methane mitigation strategies in
grazing herd at scale throughout the supply chain via

supplement usage.

202830

6.2 Other recommendations

This study found interesting selts relevant to thébroaderWA beef industry, but gaps remaifhe

report has shown important macro indicators towards major emissions production across the supply
chain, but acknowledges important geographic characteristics contribute greatly to régiona
differencesParticularly, the results presented here for the Pilbara and more so the Kimberley should
be viewed withcaution as they reflect a supply chain deliverfprocessingattle out of these regions
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which is not representative (particularly inglKimberley) because many cattle are sold to live export
marketsfrom these regions.

In the WA context, the WA Government is in the process of establigiéhg@mission reduction
pathways and targets for thagriculturesector at the present time. Ambitis action is central to
meeting stakeholder expectations and underpinning the market, and assistance will be required to
facilitate change in the most emission exposed sectors.

More broadly,the red meat and livestock industry, supported by Mhés estabshed an ambitious

goal to be carbon neutral by 2030. At present, companies are developing their strategies to achieve
this, but few have advanced to setting corresponding goals throughout their supply chains. HRG are
pioneering an actionable plan to redenet emissions and implementing this through the supply chain
across hundreds more businesses that supply cattle. This is a strategically important test case for a
supply chain.

A program is required to bring this proportion of theri@gltural sector © carbon neutral by 203@&s
producers tend to suppligoth HRG and other marketBrovidingleadership across a broad spectrum
of the industry will stimulate action that extends well beyond the direct supply chain.

The scale of HR&Gé&ach across the beef supply chain in Western Australia provides a unique
opportunity to lead a noticeable impw@ment in the sustainable and profitable production of
Australian beefExtension materials, demonstration sites and case studies that show real aotion
reducing emissions on farmill be necessary to help industry meet is carbon neutral targets

Market research has found that consumer sentiment is favourabkowards environmentally
sustainableproducts andcan attract a price premium at point of sale. As a result, it is anticipated that
delivering improved carbon credentials across the WA beef indusltiiead to improved perceptions

of the environmental sustainability credentials of Wéef andenable an increase in the value of beef
moving forward.

There is a knowledge gap around the current contribution to the GHG balance of WA farms from tree
planting, revegetation, and soil carbon flux. Considering the quantum of the emissions and
sequestration, further work is needed at the state level to quantify these and attribute them more
accurately to sheep, cattle and other land uses.
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3-NOP
ABARES
ADG
CN30
DMI
DMD
DSE
ERF
GHG
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HRG
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kWh
LCA
LW
LWG
MAP
MLA
NIR
WA

Appendix

3-nitrooxypropanol

Australian Bureau of Agricultural and Resource Economics
Average daily gain
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Dry matter intake

Dry matter digestibility

Dry Sheep Equivalent

Emission Reduction Fund

Greenhouse gas

Global Warming Potential (G\Wgisthe GWP over 100 years)
Harvest Road Group

Intergovernmental Panel on Climate Change
Kilowatt-hours

Life Cycle Assessment

Liveweight

Liveweight gain

Monoammonium phosphate

Meat & Livestock Australia

National Inventory Report

Western Australia
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