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A Snapshot of Australia’s Electricity
Generation Mix

Renewable

Energy Zone
Candidates

® Cocter Pedy

South Australia

L South East 54

? Riverland

§ Mid-North 54

4 Yorke Peninzila

5 Northem SA

5 Leigh Cresk

¥ Rowby Downs

3 Eastern Eyre Peninsula
3 Western Eyre Peninzua

Candidate Renewable Energy Zone (REZ) o&r

€Y Indicative wind farm o
o
Indicative solar farm Curensicay §

c

‘e 39

® Lounomizn

80

Queensland
Qi Far Narth QLD
@2 North Oid Clean Energy Hub
a3 Northem Ok
04 lsac
05 Barcaldine
@8 Fizroy
a7 Wide Bay
Q8 Dading Downs

New South Wales

| N1 North West NSW
N2 MewEngland

| N3 Central-West Orana

N4 Southem NSW Tableands
NS Broken Hill

NG South Wast NSW

NT Wagga Wagga

NE Tumut

N8 Cooma-Monaro

Victaria

V1 Owens Murray
V2 Muray Frver

V3 Western Victoria

W Sadith West Vietoria
V5 Gippsland

VB Central North Victoria

Tasmania

T1 North East Tasmania
T2 North West Tasmania
T2 Tacrnaniz Midlande

" MACQUARIE
Umver51ty

Renewable electricity generation

in 2023 (all sources) Wind
Rmﬂop ]\_) ._I.I::I
Renewable energ){ prowdgd_ Medium-
39.4% o_f AL_Jstralla s electricity and large-
generation in 2023, up from scale
35.9% in 2022 solar
Hydro L
6.9% D
Bioenergy
1.4%
o [ o ® o
Black coal Erown coal Gas Non-metered Liquids
fossil fuels
39.3% 13.4% 73% 05% 0%

82% renewable energy by 2030




Recent Australian Net Zero Policy Shifts —

Rural and Regional Focus
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Australian Government

Net Zero Economy Agency

Community Engagement
Review

Report to the Minister for
Climate Change and Energy
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2024 - 2025 Federal Budget:
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$63.8 million to reduce emissions in the agriculture and
land sector

$6.7bn Hydrogen Production Tax Incentive and $1.3bn
of additional Hydrogen Headstart funding

Fast-tracking the initial phase of the Guarantee of
Origin Scheme to measure and certify emissions intensity
across the supply chain of key products, and providing an
additional $32.3 million to support the expansion of the
program to green metals and low-carbon liquid fuels and
consultation on additional incentives to support the
production in these industries

$168m to prioritise approval decisions for renewable
projects of national significance

$1.3 million to develop and release best practice
guidance for net zero transition plans




Australian Agricultural Sector
Emissions Profile

2% -
* Agriculture made up 16.8% of national greenhouse gas ® -
emissions in 2020-21 ®
» Australia’s red meat industry aims to be carbon neutral by o
2030 :
* The national grain industry supports a net zero emissions
goal for agriculture by 2050
« NFF aims to be net zero by 2050 G
 Agricultural Emissions Figure 14 Effect of recent (2001 to 2020) seasonal conditions on farm profit
g
* Methane-63%
il S A & 100%
» Fertiliser—6% o l‘ e /b \ 5 i%ot:ao-;ig?
‘ ' ‘ (] -25t0 25%
- ’ ; 25 to 50%
« Manure management — 8% | Sy 2 50 10 100%
%, . ¥ B 100%
% s ! [} Insufficient sample
® Fuel use on farms — 7% ' , = o, T ' [J Non-agricultural land
B h = 1- _ y 2

« Changes in seasonal conditions over the period 2001 to 2020 s
(relative to 1950 to 2000) have reduced annual average -
broadacre farm profits by 23%, or around $29,200 per farm

Source: ABARES farmpredict (Hughes et al. 2022a)



Australian Agricultural Emissions Projection
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28%
24%
20%

16%

“As the rest of the

. Australian economy

oy

decarbonises,

% agriculture's share of
o emissions is expected
4% to increase from 17%
. in 2022 to over 25% in

2035”. (DCCEEW
2023b).

Table 3 Fuel and energy technologies and practices

Established and scalable technologies and practices

Emerging technologies and practices

On-farm renewable energy generation and integration
with agricultural production systems, including solar
grazing

e Other agrisolar applications, including with
horticulture and apiculture

Bioenergy generation, including manure bio-digestion
and bagasse and wood cogeneration

s Battery electric and hydrogen fuel cells for on-farm
machinery and vehicles

Increased energy efficiency

s Greater utilisation of agricultural feedstocks for
bioenergy and biofuel production

& |low or zero carbon fuel and gas production and use
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Recent Agricultural Decarbonisation Policy
Shifts

NATIONAL STATEMENT ON

CLIMATE CHANGE
AND AGRICULTURE

Agriculture, land and emissions
Discussion paper

CLIMATE
CHANGE
AUTHORITY

2024 ISSUES PAPER

TARGETS, PATHWAYS and
PROGRESS

O

Pillar 3
Sectoral pathways

Pillar 1
International
considerations

Pillar 2
Wellbeing

&

[
‘L

What are the opportunities to reduce emissions and build carbon stores in agriculture an
land? What are the main barriers to action?

How can we progress emission reduction efforts whilst also building resilience and adapt

climate change?

Alignment with the Paris
Agreement. This includes
consideration of the
emissions budget.

International elements
such as trade, foreign
policy and other
countries’ approaches
will also inform our
advice,

\. J

Non-economic impacts
will be considered
through analysis of
physical and
environmental impacts,
regional impacts and
First Nations issues.

Broad consultation is
also considered here to
better inform the
authority’s work.

\. J

\ J

Understand sectoral
decarbonisation
pathways through
desktop analysis.

Separate sectoral
analysis will tell us how
any recommended
targets will be feasible.

Examining the
opportunities and
costs for the
Australian economy of
different emission
reduction pathways
and targets, at a
national, sectoral and
regional level.

. J




Australian Agricultural Sustainability Framework in Development

FIGURE 4: AUSTRALIAN AGRICULTURAL SUSTAINABILITY FRAMEWORK

Agricultural-led framework led by the National Farmers' Federation Australian agriCUIture sector vision

and developed by partners including the Australian Farm Institute to become a $1 00 billion industry
through extensive consultation and research by 2030

72% of total production exported

Internationally-benchmarked
to communicate the sustainability status

and goals of the Australian agricultural
industry to markets and to the ENVIRONMENTAL STEWARDSHIP (E)

mmmunit'g,r Greenhouse gases and air, Soil and landscapes,
Biodiversity, Water, Materials, and resources

&

Australian
Agricultural

Sustainability
Framework

ECONOMIC
RESILIENCE (G)

Biosecurity, Fair

the agncultural .sectcur,.drwmg Trading, Good
coordinated action to improve governance %

sustainable agricultural practices

PEOPLE, ANIMALS &
Shared understanding across COMMUNITY (s)
Human health, safety, and
wellbeing, Rights, equity
and diversity, Livelihoods,
Animal Wellbeing, Social
contribution

Trust in Australian agriculture as a provider of sustainable food and
fibre products
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Barriers to decarbonising the Australian

Agricultural Sector

SYDNEY-AUSTRALIA
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Australian agriculture accounts for:

» 55% of Australian land use (426 million
hectares as at December 2023);

» 74% of water consumption (9,981
gigalitres used by agriculture in 2021-22);

» 13.6% of goods and services exports in
2022-23;

» 2.7% of value added (GDP (ABS, 2024)

What are the main energy-related concerns for farmers?

Cost Reliability

of energy was the number one concern was also a concern

for 75% of gas users,
66% of diesel users, 100+

for 35% of electricity users

Sl
and 5% of electricity users UARANTE anc 2% of dlees gers

What are the biggest barriers to decreasing on-farm energy costs?
713.5% 63.2% 31.8% 28.2% 21.1% 10.1% 8.1%

B YA S E < 0

High Lowreturn  Unsureofhow  Technology  Unsureof how  Need to see Lack of
up-front cost  on investment to choose changestoo  toimplement others in interest
of investment appropriate quickly appropriate my industry

technologies technologies  succeed first

Figure 22.
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Agricultural land uses and Renewable Energy
Zones in New South Wales

Australia does
not have nation-
wide strategic

Broome

and consistent
identification of
prime agricultural
land

® Ballina

. Moree ® .. # 7y Grafton
Tibooburra o — .
Bourke £ \ |
.

New England
Renewable Energy Zone

. & Rockhampton
‘@, Gladstone
Land use, 18-class summary

- Nature conservation
|:| Managed resource protection

Wilcannia
.

* Broken Hill

Hunter-Central Coast

[ Other minimal use South West Renewadg Renewable Energy Zone

|:] Grazing native vegetation Energy Zone
- Production native forests Wentworfh~

[ Grazing modified pastures " Balranald M
[ Plantation forests (commercial ¢ R ;, = \_"ﬂ;sﬂ:fﬂssﬂ AT SN llawarra

-y # [/~ "~ RenewableEnergy Zone
[ bryland cropping g o

- Dryland horticulture

I Land in transition 11 Renewable Energy Zones Bega »

Albury : * Batemans Bay
{ ] {

|:| Irrigated pastures Major Roads and Highways i
:] Irrigated cropping E Existing 330 kV Network
- Irrigated horticulture Existing 500 kV Network

B | han intencive 1ses
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Large-scale solar energy projects
objections in NSW
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Community Issues raised associated with NSW Large-Scale Solar

m Agricultural Land Loss/Impact
m Biodiversity Impact

® Land Use Compatibility

m Bushfire Risk

® Hazards

® Cumulative Impact

® Environmental Heritage

Assessments (2021 — 2024)

Number of Times

m andscape and Visual Impact m Social/Economic Impact
u Other ® Community Engagement

m Traffic, Transport and Accesibility mWater (flooding and erosion)

m Location m Noise and Vibration
m Contamination H [nsurance
m Glint and Glare m Aboriginal Cultural Heritage (Taylor et al.

(forthcoming),
2024)

Major wind, solar, battery and transmission approvals in NSW

across the last 5 years'

m Solar: 35

u Battery (standalone): 5
Transmission: 2

= Wind: 1

(HSF,
2024)



Large-Scale Solar Agricultural Impact
Assessments

Existing Framework Legal Gaps Independent Body at the intersection of
agriculture and renewables
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e Detailed Agricultural Impact * No consistent * Independent Body focused on Agricultural Land Zoning
Assessment only required for definition of agricultural and Agricultural Impact Assessments needed in NSW
Class 1 -4 and BSAL Agricultural land related to renewables, and solar energy in particular (NSW
Land Ag Commissioner, 2022)

 NSW Agriculture

« Agricultural Impact Assessments Commissioner report
for Large-Scale Solar Energy « ‘An improved Independent
Projects evidence base is a Body

* a detailed assessment of prerequisite for
whether the project would more effective rural [
significantly impact the land use planning Monitoring Co-design and
local or regional and regulation’. A?sgelsrgrelae%tts development on-site
agricultural industry, (pg 2) conditions decarbonisation
including production and
supply chains * No body at the

* Decarbonisation potential? intersection of ag and

energy with formal
mediation roles or legal
powers



Landholder Solar and Agriculture Co-location I cousne
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Existing Framework Legal Gap Solar and Energy Co-location Technology -
Agrivoltaics

+ Section 1.3 of the EP&A Act Agricultural land is not
» ‘To promote the social and considered a ‘natural’
economic welfare of the or other ‘resource’
community and a better
environment by the proper

management, * No agrivoltaics
development and specific planning
conservation of the State’s guidelines
natural and other

resources’.

* No binding definition

« “Commercial sheep grazing will nor mandatory
continue... which will also help guidelines to consider
to control grass and weed agrivoltaics solar and
growth around the solar arrays agriculture co-location

for operational life of the solar
farm”. (EIS Example, 2023)



On-Farm Electrification
and co-location

NSW DPI implemented 7 pilot projects
across 8 sites

Pecora Dairy - 45 kW solar photovoltaic
and 60 kWh flow battery system

Power bills reduced to about a third of what
they were previously and elimination of gas
costs

Pecora Dairy photovoltaic array (battery container bottom right of buildings)




Agrivoltaics Agreements Legal Gaps

* Grazing Licences most
common in NSW

= Option to Lease followed by
Solar energy leases in some
cases

= Maintenance and
Overgrazing issues

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

o g
E1 SEVIER journal homepage: www.slsevier.com/locate/rsar

Justice-driven agrivoltaics: Facilitating agrivoltaics embedded in
energy justice

M. Taylor * , J. Pettit”, T. Sekivama *, M.M. Sokotowski d

ie Law School, Centre for Energy and Natiral Resources Innovation and Transgformation (CENRIT), Awstralic

eio University, Faculty of Palicy Management, Japan
* University of Warsaw, Faculty of Law and Administration, Poiand

Distributive Justice

(who benefits from
agrivoltaics)

Justice-Driven
Agrivoltaics

Procedural Justice

(what legal processes and
mechanisms should be
considered to encourage
agrivoltaics)

Fig. 1. Justice-driven agrivoltaics framework.
Source: Compiled by authors

Recognition Justice

(how recognition of existing
and future agricultural activities
should occur)

)
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Australia’s Renewable Hydrogen Potential
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Land use, 18-
- Nature
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|:| Otherr
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- Produc
|:| Grazing
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= Paris
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- Electrizily Iranamissian lines ; 1 500 ken
Protected Unsuitable sreas ) Law —

AoUrees: Fipeine mies from GFisd peeokesn database

Figure 3. National Hydrogen prospectivity heat map based on Scenario 3: Renewable hydrogen — Coastal or

inland produetion, hydrogen transported via pipeline, and constrained by existing infrastructure.
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Hydrogen Production

“Green’
aim monia

Liguid
hydrogen

Port facilities
Water supply

Wind farms / e hine
__ . Hydrogen Hydrogen lanes
production delivery E—
Solar farms \ manufacture cHP

\gl;\ = Alurmima
calcining

Dispensing

Steel mills

Other high-
grade haats

Hydrogen
FELOVEny Ammaonla

Methanol

Ramate Dil refining
power

Grid balancing

Marketing balancing
and spill export

v 21

Ficure 7. Hurdrnean annlicatinns in Anstralia (Advisian 202



Hydrogen Value Chains: Green Ammonia

How will existing value
chains be disrupted?

Mining

e . ppTy T

Upstream Oil &
Gas

How competitive will each
type of H2 be?

& I ETTE-

e

CCus

{
Power &
Renewables

4

MNuclear

g Electricity gy

Source: Wood Mackenzie

-

Green H2

What is the size of the future
market for H2?

What will future supply chains look like & what
are the economics?

Compressed or Liquefied H2 / Hydrides

n W fé\

Convert to Ammonia

@ o

Haber-Bosch Shipping ' I
Process :

Svnthetic CH4

B J

I PN

i FaTa¥a ¥ von
Methanation
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Chemicals

=  Methanol

=  Ammonia

=  Chemical Products

Industry

=  Refineries

= Steel

= Cement

Residential /

Commercial
H2 blending to gas
systems

Mobility / Transport
= Fuel cell Evs

=  Filling stations
=  Marine fuels



Renewable Hydrogen for Diesel Substitution " MACQUARIE
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Table 1- Fertiliser and fuel costs as a percentage of total farm cash costs, 2018-19 to 2022-23

: Commodity 2018-19  2019-20 2020-21 2021-22 2022-23'
84% of total energy consumption for !

agriculture comes from diesel (DCCEW, Beef 86% | 80% | 80% | 83%  98%

2022)
Cropping 24.6% 26.4% 24.0% 21.1% 34.0%

90% of Australia liquid fuels are imported Dairy 93% 8%  96%  103%  na

_ _ _ _ Sheep 13%  15%  1M15%  122%  162%
Heavy agricultural machinery with long-life

asset base needed
« A prototype hydrogen-fuelled tractor

(New Holland) worked for 3 hours on
8.2 kgs of hydrogen

f. ABARES forecast. Data is based on an average farm in the industry.

Source: ABARES 2023

The Diesel
Transition

Petroleum diesel alternatives
for the Australian agriculture,
fisheries and forestry sector




International Hydrogen Policy Measures W Uiessity
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_ Australia
Metherlands

Production

_';" Australian Government

e Department of Climate Change, Energy,

the Environment and Water

- - Production
National Hydrogen Strategy Review Saamsan

Consultation Paper | July 2023

funding

Net-zero
target
legislated

Figure 5: Summary of international hydrogen policy measures




First federal regulatory amendments for " MACQUARIE
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« Statutes Amendment (National Energy Laws) -l . T —— .Il
(Other Gases) Act 2023 al > S ahibbl
* Up to 10% of hydrogen blending is permitted Australia Selects 6 Green Hydrogen Projects for

$1.35 Billion Subsidy

* Previously, the National Gas Law (NGL) and the
National Energy Retail Law (NERL) referred only to
‘natural gas’

« defined as a substance in ‘a gaseous state at
standard temperature and pressure; and consists
of naturally occurring hydrocarbons, or a
naturally occurring mixture of hydrocarbons and

non-hydrocarbons, the principal constituent of
which is methane’: s 23

* NGL will now refer to ‘covered gases’ (which
specifically lists hydrogen)
» ‘natural gas equivalents’ (NGESs)

+ gases that can be used in gas appliances, such
as natural gas, biomethane, synthetic methane
and low-level blends of hydrogen with these
gases.

» ‘prescribed covered gases’ (PCGs)
* 100% hydrogen

(Blackridge, 2023) s



How much renewable energy is needed to B Jacouanie
support renewable hydrogen production?

AAAAAAAAAAAAAAA

Figure 11 Development opportunities fo 2050 in Step Change, and compared to total capacity required in
Progressive Change and Hydrogen Superpower

* The generation capacity of the NEM would need to Capacty W)
increase from 180 TWh to 220 TWh by 2030

* Then almost double in size by 2050 (320 TWh)

* AEMO ‘Hydrogen Superpower’— more than . /
eight-fold increase in generating capacity (almost
1,000 TWh) by 2050.

- Parliamentary Inquiry into Australia's transition to
a green energy superpower

|t takes 54kWh and 9 - 10 litres of water to . saatiilll LY “m“m
produce 1kg of Hydrogen " “lii-m::u-w-e LU

Dp hb\Cp ty
rage

26
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Well-to-gate boundary is proposed as a starting point

o
e &- Australian Ceovernment
i,

ACCUs could be used to reduce the emissions from e reammess ey T
hydrogen production, effectively creating carbon neutral
hydrogen

A certificate is proposed to relate to a tonne of
hydrogen and include:

*  Emissions

* Production facility and location . _
. Production technology Australia’s Guarantee of Origin

«  Primary fuel source Scheme Design

Biomethane is not covered under the GO

*  “The Department proposes that RGGOs for
biomethane will not be recognised initially in the GO
scheme. However, there may be an opportunity to
recognise these RGGOs in the GO scheme once a
domestic market- based approach to recognising
these claims has been developed”.

27
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Renewable Hydrogen: Key Issues for " MACQUARIE
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Energy efficiency:

A half to two thirds of the energy will be lost during the process
(~30% during electrolysis, 20-40% on conversion to
derivative or storable form)

Water use

1 KG of hydrogen using electrolysis = 9-10 Litres of water

A 50 MW electrolyser operating at 60% capacity factor will
require around 700 ML per year

Land Use

Cost

Proposed Infinite Green Energy Northam hydrogen hub (WA)
rejected for planning approval to produce 42 tonnes of green

hydrogen due to the facility not consistent with renewable energy ’\\

facility land use definition
Hydrogen planning assessment guidelines needed

Ownership? Cooperatives?

AUS$ 2/kg (US$1.38/kg) production target

Currently AU$4-6/kg (US$2.76-4.14/kg)

SYDNEY-AUSTRALIA

WA's green hydrogen plans hit roadblock after
proposed Northam plant rejected for planning
approval

ABC Midwest & Wheatbelt / By Eliza Bidstrup

Posted Tue 26 Mar 2024 at 8:55am, updated Mon 22 Apr 2024 at 8:26am

Proposed Infinite Green Energy Northam
hydrogen hub (WA)

o



Regulatory Gaps: Renewable Hydrogen B Uasee
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Further Regulatory Gaps
Feedstock for renewable hydrogen beyond
renewable energy?

Concurrent land uses?
 Land Administration Act 1997 (WA) Crown Land
and Pastoral Leases
» ‘Diversification Leases’

* renewable energy

« carbon farming
‘Keytah’ cotton producing property, producing up to 78,000 bales per ) aborlgmal economic development and
annum land management
« conservation purposes
« grazing livestock, horticulture or

agriculture

936.5 green hydrogen tonnes and 3,800 tonnes of ammonia per annum * multiple concurrent uses

Moree Plains, NSW, Good Earth Green Hydrogen and Ammonia Project

12 MW Electrolyser Capacity

$35.8 million in funding

Guarantee of Origin Traceability?

29



Renewable gas emerges as key piece in emissions
reduction puzzle

May 29,2024 - 107pm Like the rest of the world, Australia is moving to net zero: but while Europe

and the United Kingdom are adopting renewable gas at a great rate,

Australia has been slower to adopt these new technologies, in particular 4 B g t h
; ' . blometnane

iy Gift this aticle biomethane.

[J save @& Share

But one Australian network, Jemena, is leading the charge and
demonstrating how organic waste can provide a sustainable source of

energy into the future.




Biogas and Biomethane

Feedstock collection & processing Biogas production

LandFill Biogas

Boiler
Biogas use
Induskrial waste m[l"; Heat for loal

CONEUmpLn

Cogeneration

Agricultural waste
& energy crops

Electricity
For grid inpection

Biomethane use

Bmomethane Compression

Anaerobic

Collection® digestion

oA o W v . Biogas
upgrading

Pretreatment
of Feedstock

().

Product Process

separating methane from
the carbon dioxide and
other gases

Digestate use
Ligpuid mukrient:
ﬂ'ﬁ' Fertilser

Solid: comipast
soil soditree

Digestate

Digestate

* Depanding on plant cation management

Figure 18.

Electricity For
zelf-consumpson

=

Biomethane
For grid
injeschican
Biomethane
For wehicle
Fued s aCHG,
Deici LML)

Upgrading of biogas from all
feedstocks consists of the removal

of five key elements, including

carbon dioxide (CO2 ), air,
hydrogen sulfide, and water vapor

Crop residues: Residues from the harvest of wheat,

maize, rice, other coarse grains, sugar beet, sugar

cane, soybean and other oilseeds.

+ E.g. Kalfresh 30% of energy crop goes to
waste

Animal manure: From livestock including cattle, pigs,
poultry and sheep.

Food and green waste: (e.g. leaves and grass),
paper and cardboard and wood that is not otherwise
utilised (e.g. for composting or recycling).

Wastewater sludge: Semi-solid organic matter
recovered in the form of sewage gas from municipal
wastewater treatment plants.

31




Biomethane Emissions Reduction Potential and TT—

organic waste sent to

POIicy Intersections landfill by 2030

Achieving an 80% average
recovery rate from all
waste streams by 2030

. . . . National Waste Plan, 2022
*@reenhousegas emissions reduction potential (well-to-wheel) - 82% renewables by 2030 ( )

of biomethane in % as compared with diesel/gasoline

B Biomethane from silo maize W Biomethane from manure

Biomethane from organic waste

97
6 96 95 10 96

mB m

Diesel Gasoline Ca rbO n
Source: Environment Agency Austria Red UCtIOn

*The data do not include the avoided emissions of raw manure storage, landfilled organic waste

and benefits of the produced digestate, able to replace mineral fertiliser.

* 43% emissions reduction
by 2030 and net zero 2050




International Biomethane and Biogas Facilities B lcouanie
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The outlook for global biomethane consumption by region

- EU - 1,322 biomethane facilities as at April Stated

2023 producing 3 billion cubic metres — e Folicies
30% increase on 2021 2
* 64% of EU biogas from agricultural > 8,350 PJ
materials . Restofworle
« targeting 35 billion cubic metres (bcm) North America
of biomethane by 2030
150 W Europe
« USA - 2,300 biogas sites including 475 India
anaerobic digesters on farms > 5,000 PJ l P
« IRA - US$10 billion and investment tax 100

credits to incentivise the development of
biogas facilities
50
 China
« 100,000 biogas plants
EDJO

2030 2040

* incentives covering 25-45% of the
Wh0|e COSt Of blogaS prOJeCtS Motes: 1 Mtoe = 11.63 TWh = 1.21 bem-equivalent to n s Republic of China.



International Biomethane Facilities " MACQUARIE
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Table 17. Number of known biogas upgrading plants in selected countries around the world (Source: (Nguyen et al, zoz7}).

Country 2014 2016 2019
Number Mumber of Plants capacity Number of Plants capacity
of plants plants (Nm¥h Raw gas) plants (Nm3'h Raw gas)
Australia o 0 nja s’ nja
France B 30 7.935 47 10,755
Denmark 12 32 18,650 34 16,850
United Kingdom 37 8g B3200 g6 69,266
Italy g 7 n/a B8 0
Finland g 12 3,221 17 323
Switzerland 24 £l 7,062 45 12,430
Metherlands A 26 17,910 53 25,385
Germany 178 194 220,311 203 230,434
Austria 14 15 5,790 13 5630
Sweden 59 63 A0,B80 G1e! 41,815
South Korea n/a n/a 5,953 10 5,953
Japan n/a 3} 2400 & 2,400

34



Biogas and biomethane ~enea Deloitte

- Bioenergy is also the term used to describe the many varied Australia's
ways of utilising biomass for heat, electricity, biogas, and liquid =
fuels Bioenergy Roadmap
« 3% of total energy consumption could provide up to 20% of

Australia’s total energy consumption by the 2050s November 2021

» Bioenergy could provide up to 244 PJ per annum of renewable
industrial heat, with widespread commercial deployment by 2030
representing 33% of the total industrial heat market

« Generate $10 billion per annum, 26,200 new jobs, reduce
emissions by 9% by 2030 and 12% by 2050

- Biomethane direct replacement for gas and can be used in
existing gas assets e.g. gas power stations, pipelines etc

* Biogas Roadmap — 2,150PJ and cost of biomethane at
$12.20/GJ (2021) and $9.80/GJ (2030) rendering it cost
competitive




Bioenergy Resources

% MACQUARIE
Unive?sity

SYDNEY-AUSTRALIA

@ Cereal grains

(¥ Oilseeds

(JPulses

(JHay and pasture crops
((]Cotton

[JSugar cane

(JWine grapes

@ Fruit and nuts
(JVegetables

(JOther horticulture

23%

7%
3%
2%
4%
2%
1%
7%
6%
4%

@ Cattle & calves 15%
@ Sheep & lambs 4%
@ Poultry 4%
@ Pigs 2%
[ ] Other livestock 0%
2 Milk 6%
() Wool 3%
() Other livestock products 1%
@ Fisheries 4%
(@ Forestry 2%

BREAKDOWN OF AUSTRALIA'S THEORETICAL RESOURCE POTENTIAL (PJ PER ANNUM)

L1\ g
Agriculture

Tash Queensland
: 553 P) [EFS
New South Wales

461P) -
Wy ?
' f_ victoria
South Australia LI
) v 3Inel
1% ' 9%
‘ ’ Tasmania
92 P)
90% -

Source: Enea, Delpitte based on ABBA project information and ABARES production data

Western Australia




Australian Biomass for Bioenergy Assessment

2015-2021

University

SYDNEY-AUSTRALIA

MACQUARIE

(B Biogas Facilities

Q. IDEAL ZOOM B ABOUT DATA

Category
landfill
sewWage
industrial

agriculture

. biowaste

3
WESTERN. =
AUSTRALIA. %

P

.~ NORTHERN '

?TER’RITORT

o
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Net Zero Australia — Bioenergy Systems (2023)

MACQUARIE
University

SYDNEY-AUSTRALIA

(a) 2050 biomass resource by ABS statistical division

Biomass availability (PJ / year) g
0.00 W 500 e il
0.00 AT 7y
"lu ‘m } I" ey
20.00 : ¥ 4 A
-y . |
40.00 ~ o ] L
60.00

B Organic municipal solid waste
Native forest residues
Plantation forest residues ) ".&
Mative grasses

B Crop stubble

Y N :
- Alice Springs

£

Townsville
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Biogas Feedstocks in NSW

Table 3.5 Estimated biogas potential by biomass stream (Pl and potential blogas supply as a share of regional gas consumption
from the dstribution network (%)

% MACQUARIE
Unive?sity

SYDNEY-AUSTRALIA

State Uiban waste Agriculiural Livestock Food pracessing Total blogas Biogas potential  Total blogas
crop residue residue residue L] (ewcluding agricultural potential
crop residues)
WS 3.5 5 HE (& B8 5% 103%
WiC 24 18 68 0.4 48 Gy 2T
QLD Bb i BE 06 Ad 0% AITw
o 13 40 15 0.& 46 7% 144 8%
WA 17 100 14 0.4 103 13% JBat
TAS 0.2 0.4 L 0o 1 1% 3I6%
ACT 0. .03 LEE ] (14 R ] 2% I
Toal 19.9 3194 293 .2 an 14% 102%
Source Deloet e anabyia Dasd teormats and waste data from (AREMI, nud ) Benchmark biog
1ainabie Energy Authority of ireland)

Australian Biomass for
Bioenergy Assessment
2015-2021

by Toni Nugent @ Agl'i FUtures®

April 2021 Australia

R WL U

NSW ABBA* Biomass Residues
22.5m DT/annum
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Renewable Gas Certification - Greenpower

SYDNEY-AUSTRALIA

" MACQUARIE
University

Renewable gas Verification of

production gas production

* Creation of
renewable gas
certificates in
reqistry

* Accreditation of
production
facility

@ GreenPower:

The first biomethane project in Australia
to receive GreenPower certification.

=0 Develop new /'\J Incentivise new
=Y| voluntary renewable gas
¢=| moarkefs a Qj projects
N Support Decarbonise
ﬂ emissions hard-to-
0 reductions from electrify gas
energy use use

Certificate Surrender of

frade certificates

* Evidence fo
C Umurm'r L i:nm\
of renewable

c]fn use

* Tracking of
certificate
ownership in
registry

(IR

i

GreenPower Renewable Gas Guarantee of Origin (RGGO)
« Participation is open to renewable gas projects across
Australia that produce biogas, biomethane (upgraded biogas)
or renewable hydrogen launched in August 2023
* Renewable feedstock, community consultation, emissions intensity

* NSW Government-managed voluntary scheme since 1997 to
create a ‘green premium’ for commercial and industrial users

« First biomethane citification granted to Malabar Project at
Sydney Water Wastewater Plant — 95 TJ capacity injection into
natural gas network
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“Casine, NSW Biohub

Biogas and biomethane E™
uses s

« Simplifying on-farm waste
management

« NSW Biohubs process over
800,000 tones of organic waste and
residue to reduce scope 1
emissions by up to 250,000t per
annum

» crop residue burning can release APrS
149.24 million tonnes of carbon i
dioxide (CO2), over 9 million ‘
tonnes of carbon monoxide (CO)

pe rannum —= Waste Volume o Greenhouse Gas Renewable Electricity
The project will process up to Through efficient management of waste Biogas produced at the facility will be
approximately 803,000 tonnes per annum and not purchasing grid electricity. the utilsed to produce up to 4.4 megowatts
H of the Co-op’s existing organic liquid by- project will save more than &0.000 tonnes of electricity and 16,000 megawatt hours
* R ble fuel for h hicl
e n ewa e u e o r eav ve I c es products. of carbon dioxde emissions annually. of renawable heat, for use in the Co-op’s
oparations.
/@\ Carbon Footprint é}@% Jobs 9 Economic Investment
L] - ™
« A potentially cheap f on-sit N &
O e n Ia C ea So u rce 0 o n s I e The projact will reduce the Co-op’s During construction the project will The total economic investment to deliver

heat and electricity’ pa rticu Iarly for Oﬁ_ carbon footprint by 90%. create up to 25 jobs, and once the project is approximately 517 million,

oparational 3-4 full fime jobs. In addition,
g rl d fa rm S Helmont have a commitment to using
local services for project delivery and

complimentary services where possible



Biomethane Costs

" MACQUARIE
=" University
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Collection agricultural residues
for feedstock through biogas e.g.
cereal straw for anaerobic
digestion or manure

 21% - 61% of straw is
currently burnt in Australia

Byproducts — biogenic carbon
dioxide and digestate

» Currently considered a waste
product in some regulation

Scenario 2 Compressed
biomethane and Scenario 3
Biomethane for Grid Injection

« Estimated revenue per
annum with the inclusion of
Australian Carbon Credit
Units (ACCUs) and green
certificates ranged from $4.3
million in Scenario 3 and $5.3
million in Scenario 2

Overview of financial analyses of a 2.2 MW biogas plant.

Project parameters

CapEx
Total CapEx including contingency
Investment required (including EPCM)

OpEx
Total OpEx

Revenue

Total revenue

ROI (%)

IRR (%)
Payback period (years)
NPV (%)

Scenario 2 Scenario 3
($fyear) ($lyear)
21,147,455 20,006,575
24,953,997 23,607,759
2,711,796 2,731,410
5357701 4,339,167
10.5 6.7
g.2 4.2
10 15
-1,303,418 8,559,099
RACE for )
2030

Bs Research Project

Biogas from agricultural waste -
A techno-economic evaluation
Final Report




Gas Specification and Planning Regulatory

Framework - NSW

Table 4: Summary of NSW safety and technical legislation

Document

Transmission
Distribution
Installations/
Appliances

Pipelines Act 1967 X

Pipelines Regulation 2013 X

Gas Supply Act 1996 x

RP2.2-01: Regulatory
mapping for future fuels

Final Report

Act and regulation would not apply to hydrogen or
biogas in petroleum due to the application of the
definition of petfrofeum. The Act would, however, apply
to a pipeline conveying any other 'substance’ (including
hydrogen and biogas), and therefore the Act and
regulation would apply to these substances. The
conditions of an existing petroleum licence would be
impacted by the addition of hydrogen or biogas to the
petroleum being conveyed.

Act and regulation would not apply to hydrogen or
biogas due to not fitting within the definition of natural

MACQUARIE
University

SYDNEY-AUSTRALIA

State Environmental Planning Policy (Planning
Systems) 2021

20 Electricity generating works and heat or co-generation

Development for the purpose of electricity generating works or heat or their co-generation
(using any energy source, including gas, coal, biofuel, distillate, waste, hydro, wave, solar
or wind power) that—

(a) has an estimated development cost of more than $30 million, or

(b) has an estimated development cost of more than $10 million and is located in an
environmentally sensitive area of State significance.

23 Waste and resource management facilities

(1) Development for the purpose of regional putrescible landfills or an extension to a
regional putrescible landfill that—

(a) has a capacity to receive more than 75,000 tonnes per year of putrescible waste,
or

(b) has a capacity to receive more than 650,000 tonnes of putrescible waste over the
life of the site, or

(c) is located in an environmentally sensitive area of State significance.

(2) Development for the purpose of waste or resource transfer stations in metropolitan
areas of the Sydney region that handle more than 100,000 tonnes per year of waste.

(3) Development for the purpose of resource recovery or recycling facilities that handle
more than 100,000 tonnes per year of waste.
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Agri-Industrial Hub — Scenic Rim Agricultural

Industrial Precinct

Queensland State-level Planning Approval

« 5 year journey

« 16 lots for agricultural industrial manufacturing
* 10MW Anaerobic Digestion on site

Multiple Revenue Streams

» Convert food and agricultural waste into

1.6 PJ biogas — enough to fuel 234 trucks as a
replacement for diesel

 Green CO2 for food and beverage industry

« Digestate fertiliser — adds carbon to soil and
improves productivity

Feedstocks

» Agricultural waste streams (vege, poultry, dairy)
« Energy Crops grown in rotation with food crops
* Feed waste from urban centres

" MACQUARIE
=" University

SYDNEY-AUSTRALIA

A Good News Story for Rural Australia

Fully developed the Kalfresh Bioenergy Facility

Receive up to

388,000T

of organic matter/year

Produce

to fuel

23470050
"' Generate up to 8
| 100,000

KM/YEAR
carbon credits/ annum




Regulatory Gaps for Biomethane .

Biogas Flaring Capture & Upgrade
Produced 100TJ/a 100TJ/a
300-400TJ/a : : :

Biogas produced Instead of flaring, this
largely used for in excess of gas is being upgraded
onsite electrici:}/ generation and injected into the
generation an requirements natural gas network

Currently no scheme to demonstrate carbon reduction benefits of creation of LGCs being fiared
biomethane in Australia

« Biomethane quality compliance with AS 4564

Inclusion of agriculture in future Emission Reduction Fund (ERF)
methods to allow ACCUs to be created for an agriculturally based
biomethane projects

* E.g. sugar industry residues such as sugarcane and cane tops are not
accredited under approved methods of the Energy Reduction Fund (ERF)
(landfill gas, wastewater, and animal methane management only
credited)

Inclusion of biomethane in the hydrogen Guarantee of Origin scheme to

allow biomethane to be certified as a renewable feedstock for hydrogen Table 1.1 Summary of LCA results
production _ _ Environmental impact category Natural gas reference | Reduction (%)
« Amend Safeguard Mechanism to include biomethane system
F.I
Farms could form a cooperative society and build a large-scale CRrilc ~ Foiols e Emeg ' 24
centralised biogas plant e.g Danish centralised biogas plant model kg GO per GJ)
« Planning guidelines needed incorporating biomethane Fossil fuel energy use 184.1 958.48 81%

(MJ fuel used per GJ gas supplied)
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Key Takeaways - Current Regulatory Gaps B acouanie

Large-Scale Solar

— Independent Body at the intersection of
agriculture and renewables needed

— Agrivoltaics and electrification on-farm

Renewable Hydrogen
* Agricultural Land Impact Assessments

» Agricultural Co-Location and decarbonisation
uses on-farm

Biomethane

» Guarantee of Origin and consistent
Certification Needed

* Renewable Gas Target needed e.g 10% by
2030

* Planning Guidelines needed
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Taylor, M ‘Hydrogen Regulation in Oceania: Enabling Renewable Hydrogen Licensing on Complex Land Uses’ (2024,
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