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Soil carbon project potential and measuring agronomic benefits

Abstract

Each case study site found a positive net present value
(NPV) and internal rate of return (IRR) from changing
from a baseline practice to a carbon-focussed rotation
whilst participating in an ERF carbon project

Financial results were highly sensitive to long-term
increases in cropping yields, and moderately sensitive
to soil carbon sequestration

Changes in the discount rate and future ACCU prices
were found to have more limited impacts on the
financial results

All three case study farms were found to be either

carbon neutral or net carbon sinks, owing to
sequestration from non-cropped areas
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Soil carbon project potential and measuring agronomic benefits

Project

alms

Scenarios: native vegetation,
ACCU price impact sensitivity

Does shifting agronomy to a
carbon farming project/rotation
pay in the long-run?

xTeNsIoN sERCES
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Soil carbon project potential and measuring agronomic benefits

Case study analysis — Gross Margin and
ACCU Carbon Farming project economics

Douglas Station — NT Kielli — Darling Downs, Qld
= Total holding of 23,152 ha = Total holding of 635 ha
a S e »500 ha of cropping =500 ha of cropping

= 2,500 ha of riparian scattered =135 ha of scattered riparian
woodlands woodlands and grasslands

» 20,000 ha grasslands

Blue Hills — Lower Namoi, NSW '

= Total holding of 6,578 ha
»5,060 ha of cropping

sites

=710 ha of native woodlands
=808 ha of grasslands

xTeNsIoN sERCES
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Methods and workflow

Economics -

Carbon Farming -

Discounted Cash
Flow analysis

Sensitivity testing

Firm up baseline rotation Gross Margins and
GHG footprint for each site

Research additionality and site-specific
carbon farming rotations, products, GMs and
GHG changes

Review CER project technical requirements,
table project costs and benefits

Research carbon yields from 'sustainable

intensification' in dryland systems

Yield increases from increased carbon
stores: Review of literature

ACCU price forecasts: Scenarios for
discounted cash flows

Native vegetation: modelling contributions to
the landscape carbon balance
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ORGANIC TRADITIONAL
Sfertilizers Sertilizers
| Feed the soil Feed the plant |
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Carbon Farming Rotation - Rationale

« Comply with carbon farming %Q GRDC
dryland agronomic principles’

& DEVELOPMENT
CORPORATION

A Australian Government

¢ S atl Sfy C E R ad d |t| O n a I |ty2 } é Clean Energy Regulator

o

inips

 Offer a realistic and practical
alternative to BAU?
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Carbon Farming Rotation - Rationale

1. Millet cover cropping — a proven addition to
building carbon stores, cheaply and efficiently per

mm of rainfall.#

2. Adding organic fertiliser at planting, with a lower
Emissions Factor (EF) than synthetics.%®

=l

" MORT & C¢
FERTILISERS

Terrus Pro  3-1-4-2 $600 10-12% o A
Terrus 3-2-1-1 31 $550 10-12% o 1N TERRUS
Terra Firma ~ 4-2-3-1 37 $300 5-10% 1°°/0f962'c ‘ 74 g
Product Ref: Matt Gardiner, AMPS Research o N
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Carbon Farming — Review of yield impacts

US meta-analysis 0-20.2% yield increase.

Vendig, et. al.
(2022)

Vendig, et. al.
(2023)

Ma, J., et. al
(2023)

Oldfield, E.E.
et. al (2019)

Devereux,
A.F., etal
(2014)
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Nature
Sustainability

Nature
Sustainability

Advanced Earth
and Space
Science

European
Geosciences

Agronomy
Australia
Proceedings

Global Meta-
analysis

Global Meta-
analysis

Global Meta-
analysis

Cotton Yields
following corn

Yields increased 60% of
the time.

Yield response depends
on SC %. Range 0-24.3%

7% increase in soil carbon.
2% increase in production

Yield increases 10-37%.
When SC levels reached
2% gains slowed

Up to 25% cotton yield
increase




Koppen Classification: Savanna

Douglas Stat|0n : NT Mean Annual Rainfall (Pine Creek): 1,146 mm

Altitude: 189m

Revenue $3,200 $1,750
Costs $1,811 $1,044
Gross Margin $1,389 $706

Baseline rotation:
« Cotton-cotton (assumed a 2% yield decline
in 10 years - AE)

Carbon Farming Additionality:

« Cotton-cotton-corn

» The introducing of corn to increase soll
carbon

* Including 300 kg/Ha Terrus Pro fertiliser with
corn

Ref: Greg Nicol
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Kielli, Darling Downs
Now Rotatcn Jooton it

Revenue $2,572
Costs $1,228 $335
Gross Margin $1,344 -$335

Baseline rotation:
e Cotton-millet

Carbon Farming Additionality:
* Including 300 kg/Ha Terrus Pro fertiliser
biennually with millet

Ref: Jamie Grant

Soil carbon project potential and measuring agronomic benefits

Koppen Classification: Temperate (hot summer)
Mean Annual Rainfall (Kuyura): 589 mm
Altitude: 377m

AgEcen
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Koppen Classification: Subtropical (dry winter)

B I u e H | I IS Agg regatlon ; Mean Annual Rainfall (Murrumbilla): 624 mm
Lower Namoi

New Chickpea | Cotton Canola
Rotation

Altitude: 260 m

Revenue $1,120 $1,600 $2,251 $1,296
Costs $693 $648 $1,205  $148 $890
Gross $427 $952 $1,046  -$148 $406
Margin

Baseline rotation:
» Wheat-canola-fallow-cotton-chickpea

Carbon Farming Additionality:

» Wheat-canola-fallow-cotton-chickpea-millet

* Including 100 kg/Ha Terrus Pro fertiliser with
chickpea, cotton and canola

Ref: Mitch Cuell
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Carbon Project Economics (1)

Three carbon yield scenarios (t COz2e/ha/yr) were modelled for
dryland cropping sustainable intensification, as follows’;

Marginal benefit Some benefit More benefit

0.11 0.59 1.65

ERF Soil carbon project costs are tabled as follows?;

ftem | Cost | Occurrence |

Project certification $25/ha Establishment
Baseline sampling and measurement $114/ha Establishment
Maintenance and monitoring $150/ha  Every 5 years (of 25 years)

Soil carbon project potential and measuring agronomic benefits f’&&g EC%I’]



Carbon Project Economics (2)

Figure 17 Forecast ACCU Prices by Market Analysts, 2024 to 2035, real 2024 $A per ACCU
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The future ACCU
price is a key input
into modelling
returns of a
carbon project.
Ernst & Young
Central Estimate
is used in the DCF
analysis.®

AgEcen



Method: Discounted Cash Flow

Why use a DCF?
» Used to assess the net present value of future cash flows

A DCF can better represent the time value of money and e 7 Steps to
anticipated appreciation of ACCUs"? ~ Discounted Cash
» Given the permanence of a soil carbon project, can capture Flow
fl%ture agronomic land use changes from yield/carbon .
stores

* Five yearly ERF auditing and compliance costs can be
more accurately modelled to present day values

* Only 10 years of a 25-year project has been modelled

Key DCF Assumptions

NT Yield changes: DD and Namoi Yield increases: 2%
-2% cotton on cotton (baseline) 12

+5% after corn (carbon rotation)

+2% after other crops (carbon rotation)

ACCU indexation: Ernst & Young (2023) Discount rate: 8%

P
Soil carbon project potential and measuring agronomic benefits ”/K &E EC%n



Results: Douglas Station

3,000,000
2,500,000
2,000,000
1,500,000
1,000,000

500,000

0
-500,000
-1,000,000

-1,500,000

/

- p/——

10

Carbon project costs

- = = Cashflows

Key findings:

The carbon project net
benefits are are small
(black/grey bars) when
considering project
economics.

Agronomic assumptions are
driving project returns.

Change from base (cotton-cotton)
NPV = $1,233,279 & IRR = 48%

AgEcen
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Results: Douglas Station

DISCOUNT RATE
NPV
IRR

ACCU PRICE FORECAST
NPV
IRR

SOIL CARBON SEQUESTRATION
NPV
IRR

YIELD BENEFIT
NPV
IRR

Soil carbon project potential and measuring agronomic benefits

5% : 10%
$1,557,048 | $1,233,279 | $1,057,537
48% 48% 48%

Flat $18 Flat $35
$1,187,456 | $1,205,589 | $1,233,279
47% 48% 48%
Marginal B
benefit bene More benefit
$1,180,380 | $1,233,279 | $1,350,097
47% 48% 50%
0.0% As above
$20,413 |[$1,233,279
9% 48%

Key findings:

Yield assumptions have the biggest
impact on project economics,
followed by carbon yield benefits.

Discount rate and ACCU price
assumptions only marginally moved
the IRR.

AgEcen
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Results: Kielli

1,500,000
1,000,000
I Carbon project costs
500,000 L I8 -  ACCU revenue
!--l-‘!"!-'!- -_!--! NSRS Millet
. N ‘ N N mmmm Cotton
& & & & & & & & § & = = = Cashflows

-500,000 . l — l . —

-1,000,000
0 1 2 3 4 5 6 7 8 9 10

Change from base (cotton-millet)
NPV = $124,955 & IRR = 21%

Soil carbon project potential and measuring agronomic benefits

Key findings:

The carbon project net benefits
remain small (black/grey bars) when
considering a crop gross margin.

Agronomic benefits exceed costs

when assuming a small (2%) cotton
yield increase.

AgEcen



Results: Kielli

DISCOUNT RATE
NPV
IRR

ACCU PRICE FORECAST
NPV
IRR

SOIL CARBON SEQUESTRATION
NPV
IRR

YIELD BENEFIT
NPV
IRR

=Y

5% 10%
$181,523 | $124,955 $95,077
21% 21% 21%

Flat $18 Flat $35
$75,232 $94,975 $124,955
16% 18% 21%
Marginal 0
benefit bene More benefit
$65,334 $124,955 | $256,616
15% 21% 30%
0.0% above
-$353,445 | $124,955
NA 21%

Soil carbon project potential and measuring agronomic benefits

Key findings:

Cotton yield benefits underpin the
project economics.

Soil carbon yield has a more
significant economic impact on this
cropping system.

AgEcen
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Results: Blue Hills

15,000,000

10,000,000

5,000,000

0

-5,000,000

-10,000,000
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-
—————

______

[}
1

------

777/

Change from base
NPV = $932,905 & IRR = 17%

1 Carbon project costs

I ACCU revenue

Millet
I Chickpea
I Cotton

Canola

Wheat
= == = Cashflows

Key findings:

The net carbon project
contributions remain small
(grey/black bars) when
considering a crop gross
margin.

The additional cost of
millet and organic fertiliser
shows a positive
economic response
applying a 2% yield
increase (>Y2-Y10)

AgEcen



Results: Blue Hills

DISCOUNT RATE
NPV
IRR

ACCU PRICE FORECAST
NPV
IRR

SOIL CARBON SEQUESTRATION
NPV
IRR

YIELD BENEFIT
NPV
IRR

Soil carbon project potential and measuring agronomic benefits

5% : 10%
$1,445,718 | $932,905 | $661,884
17% 17% 17%
- Lrd
Flat $18 Flat $35 astime
$392,636 | $606,489 | $932,905
12% 14% 17%
Marginal 0
benefit bene More benefit
$276,896 | $932,905 |$2,381,591
11% 17% 27%
0.0% As above
% |-$3,225,200| $932,905
% NA 17%

Key findings:

The model is highly sensitive to
future yield benefits

Soil carbon yield assumption has a
significant economic impact on this
cropping system with increased
intensification (l.e. more crops =
more carbon).

AgEcen
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Carbon stores will fluctuate with rainfall”

Transient fluctuations of SOC Persistent SOC gains, with a relatively long mean residence time, due to the accumulation of
representing ‘unprotected’ carbon in the ‘protected’ carbon that is less accessible to microbial decomposition (i.e. mineral-associated
organic carbon, carbon occluded within soil aggregates, or chemically recalcitrant organic
compounds). Improved management combined with favorable soils (clays) and climate
(adequate/reliable rainfall) can promote the accumulation of persistent SOC

mineral soil matrix with a relatively short
mean residence time. Inter-annual
fluctuations primarily driven by rainfall.

° Over crediting
@ Research Article

Making soil carbon credits work for climate
change mitigation

Elaine Mitchell &, Naoya Takeda, Liam Grace, Peter Grace, Ken Day, Sahar Ahmadi, Warwick Badgery,
Annette Cowie, Aaron Simmons, Richard Eckard, Matthew Tom Harrison, William Parton, Brian Wilson,
Susan Orgill, Raphael A. Viscarra Rossel, David Pannell, Paige Stanley, Felicity Deane & David Rowlings

atively

——» Re

H o
“Rrticie: 2430780 | Received 11 Apr 2024, Accepted 25 Oct 2024, Published online: 26 Nov 2024

SOC change relative to baseline

&6 Cite this article https://doi.org/10.1080/17583004.2024.2430780 0. Sheck forupdates

Relatively dry o——

Measurement period Measurement period Measurement period Measurement period

Crediting period (25 years) End of crediting

Baseline < > !
Permanence period (25 years) pariod {25 yams)

https://www.tandfonline.com/doi/full/10.1080/17583004.2024.24307 80#abstract

~RESEARCH, DEVELOPMENT & EXTENSION SERVICES
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Carbon stores will fluctuate with rainfall

\
N. 85&

L)

70

The key recommendation
found carbon yield stores
are over-estimated and

N e rainfall is the key driver of
@ contol soil carbon.
O project
Site

® ERF 102074
@® ERF 105067
@® ERF 108333
@® ERF 143770
@ ERF 158470

40

30

400 800 1200 1600
12-Month Rolling Average Rainfall (mm)
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Vegetation and carbon balance

4,000
3,000
2,000

1,000

-1,000 N

t CO2e per farm

-2,000 ~
-3,000 s
-4,000

-5,000

Blue Hills Kielli Douglas Station
Aggregation

Case study Farm

Soil carbon project potential and measuring agronomic benefits

Sequestration from trees
Cropping emissions

- e e Netemissions

Analysis of
cropping
emissions found
all sites were
carbon positive or
neutral (Source:
G-GAF carbon
tool)

AgEcen



14, 15

Vegetation and carbon balance

Veg type Structure t CO2e Ha yr
Riparian River Redgum Old growth, some thinning 7.60
Coolibah woodland Mature and regenerating trees 1.84
Brigalow Pockets of dense regen 2.39
Poplar box and brigalow Open brigalow 2.20
Tropical pasture Bambatsi, Rhodes grass etc. 0.99
Native grasses Mix of species 0.99

Carbon yield from vegetation in non-cropped areas can vary
greatly, depending on species assumptions

Soil carbon project potential and measuring agronomic benefits Ag EMQ%J:I



Discussion and conclusion

* An ERF soil carbon project has limited economic opportunities due
to high start-up/compliance costs and uncertain carbon yield
outcomes.

« Agronomic benefits from increased soil carbon drive system
profitability through increased soil health and crop yields.

* Modelled returns were highly sensitive to yield increases over the
10-year analysis period in all case studies.

» A review of organic fertiliser found organic/manure-based products
have an estimated 33% lower Scope 3 carbon footprint than
synthetic fertiliser. Local results are finding crop yield benefits.

* A high-level analysis of vegetation of non-cropped areas can offset
cropping-based emissions, with each case study site either carbon
neutral or a net carbon sink.

Soil carbon project potential and measuring agronomic benefits Ag EC%I:I
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Johanna Hansson
B.Econ (Uppsala & UWA)
M.Econ (Uppsala)

Jon Welsh
B.Ag.Ec (UNE)
M.Agrib. (Melb)

www.agecon.com.au

Thank you. =i

The analysis is based on estimates, assumptions and other information developed by Ag Econ from its independent research effort, general knowledge of the industry and consultations with you, your employees
and your representatives. No warranty or representation is made by Ag Econ that any of the projected values or results contained in the Report will actually be achieved. Circumstances and events may occur

following the date on which such information was obtained that are beyond our control and which may affect the findings or projections contained in the Report. We may not be held responsible for such
circumstances or events and specifically disclaim any responsibility therefore.




References

1: Farrel, M., Vadakuttu., Gupta, VSR., McDonald, L.M (2021). Addressing the rundown of nitrogen and soil or%anic carbon. GRDC update papers
online. https:/grdc.com.au/resources-and-publicafions/grdc-update-papers/tab-content/grdc-update-papers/2021/02/addressing-the-rundown-of-
nitrogen-and-soil-organic-carbon

2: Clean Energy Regulator (2024) Understanding your sqil carbon project activities. Eligible mana?eme_nt activities. p.13. Accessed online.15 December
2024. https://cer.gov.au/schemes/australian-carbon-credit-unit-scheme/accu-scheme-methods/estimating-soil-organic-carbon-sequestration-using-
measurement-and-models-method

3: AMPS Agribusiness Research (2025) A presentation of fertiliser and cropping species results to Coleman Ag. Rowena.

4: Erbacher, A., Lawrence, D., Freebairn, D., Huth, N., Anderson, B., Harris, G. Cover crops improve ground cover in a very dry season. GRDC Update
Papers. https://grdc.com.au/resources-and-publications/grdc-update-papers/tab-content/grdc-update-papers/2020/03/cover-crops-improve-ground-
cover-in-a-very-dry-season#.~:text= | he%Z20millet%20cover%20crops%20at,at%20the % 20end %200t % 20April.

5: Wallling, E., Vaneeckhaute, C., (2020) Greenhouse gas emissions from inor1g2anic and or%cmic fertilizer production and use: A review of emissions
factors and their variability. Journal of Environmental Management 276. 111211 edition. Pp1-16.

6: Paini, A., Preite, L., Vignali, G. 12024) Life Cycle Assessment of pelletized compost from agricultural waste valorization processes. 21st International
Multidisciplinary Modeling & Simulation Multiconference proceedings. doi: 10.46354/i3m.2024.foodops.009

7: White, R., Davidson, B., Eckard, R. (2021) A landholder’s guide to participate in soil carbon farming in Australia. Occasional paper No. 21. Australian
Farm Institute. https://www.farminstitute.org.au/publication/a-landholders-guide-to-participate-in-soil-cCarbon-farming-in-australia/

8: Pudasaini, K., Rolfe, J., Bhattarai, T., & Walsh, K. (2024). Comparison_ of major carbon offset standards for soil carbon projects in Australian grazing
lands. Journal of Carbon Management, 15(1). https://doi.org/10.1080/17583004.2023.2298725

9: EY (2023) Australia’s carbon market is chaging hears. Are you ready? https://www.ey.com/en_au/insights/sustainability/australia-s-carbon-market-is-
changing-gears-are-you-ready

I1\/|0:|ghampa{}i_llai, D.J., Sinden, J.A (2013). Environmental economics: concepts, methods, and policies (2" ed.) Oxford University Press, South
elbourne, Vic.

11: Diaz, D., Loreno, S., Ettl, G.J., Davies, B. (2018) Tradeoffs in timber, Carbon, and Cash Flow under Alternative Management Systems for Douglas-
Fir in Pacific Northwest. Journal Forests 9 (8), 447. 'https://doi.org/10.3390/f9080447

DATE PRESENTATION TITLE / \gEC%n



References

12. Constable, G.A., Bange, M.P. (2015). The yield potential of cotton (Gossypium hirsutum L.). Field Crops Research. V. 182. Pp. 98-106.

13: Mitchell, E., Takeda, N., Grace, L., Grace, P., Day, K., Ahmadi, S., ... Rowlings, D. (2024). Making soil carbon credits work for climate change
mitigation. Carbon Management, 15(1). https://doi.org/10.1080/17583004.2024.2430780

14. Smith. R., Visser, F., Welsh, J.M., Vogel, S., Trindall, J (2016) Carbon Neutral Cotton Farms. Proceedings from the 17t Australian Cotton
Conference. Gold Coast. Australia.

15. Smith, R., Reid, N. (2013) Carbon storage value of native vegetation on a subhumid-semi-arid floodplain. Crop and Pasture Science. 64,
pp.12091216. http://dx.doi.org/10.1071/CP13075

DATE PRESENTATION TITLE AgECQn

i



